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Introduction
In the last meeting, RAN2 discussed suitability of each function in LTE RRC/PDCP/RLC/MAC for NB-IoT. There was no decision for idle mode mobility for NB-IoT. In this contribution, we establish basic principle for idle mode mobility for NB-IoT.

Discussion
In LTE, idle mode UE performs cell (re-)selection to support idle mode mobility.
Cell selection is the process to find a cell to camp on, and UE performs cell selection only when it has no serving cell, e.g. upon power-on or coverage loss. So, in cell selection, UE is required to search all frequency bands it supports.
Cell reselection is the process to find a better cell to camp on. Here the better cell is normally determined by the concept of ‘ranking’ where ranking is ordering of cells according to the measurement result of quality of those cells.
Idle mode mobility may further involve PLMN selection and relevant Non-Access Stratum (NAS) procedures, which requires sophisticated interaction between AS and NAS. Considering the significant amount of work that needs to be done in case NB-IoT upper layer design is sought for, it is crucial to reuse existing cell (re-)selection principles and mechanism as much as possible. 
Proposal 1: Confirm that idle mode mobility for NB-IoT supports a cell (re-)selection procedure as already defined for LTE system. Cell selection and reselection for NB-IoT are simplified in accordance with minimum requirements for NB-IoT use cases.
In the followings we discuss some more specific issues related to idle mode mobility for NB-IoT.
1) Frequency priority:
In LTE, network assigns a priority to each frequency, and UE is required to reselect a cell of higher priority frequency, if any, than that of current cell. The frequency priority allows LTE operates to control the frequency layer UE should prioritize in selecting a cell to camp on. The frequency priority is used by network to control potential load across carrier frequencies.
For NB-IoT where a large number of UEs will be deployed, it is very important to distribute UEs across carrier frequencies for load balancing purpose.  In the last RAN2 meeting, RAN2 agreed that no network controlled mobility is supported for NB-IoT. Then the distribution across carrier frequencies is solely determined by UE based mobility, i.e. cell reselection. For cell reselection for NB-IoT UEs, it is our view that frequency priority is not needed. Cell reselection based on ranking according to measured quality of cells is expected to sufficiently randomize the camping frequency to NB-IoT UEs across carrier frequencies, given that randomness of UE location (i.e. cell quality) is sufficiently random. Current text for the NB-CIoT in the TR 45.820 [1] relevant for idle mode mobility seems to be already assuming no frequency priority concept.
Proposal 2: Confirm that no frequency priority concept is introduced for idle mode mobility. Cell reselection for NB-IoT is solely based on ranking of measured cell quality.
2) Measurements for cell selection
Normally, it is up to UE implementation which frequency UE first measures for cell selection. No need to change this principle particularly for NB-IoT use cases is identified.
3) Measurements for cell reselection
In LTE, network can signal two thresholds to control whether UE is required to only perform intra-frequency measurements or whether UE is required to perform intra- and inter-frequency measurements. Say, two thresholds are S_Intra, and S_Inter (S_Intra > S_Inter). Then if serving cell quality is higher than S1, UE is allowed to not perform any neighbor cell measurements. If serving cell quality is lower than S_Intra but higher than S_Inter, then UE is required to perform intra-frequency measurements. If serving cell quality is lower than S_Inter, UE is required to perform intra- and Inter-frequency measurements.
The reduction of measurements directly translates into reduction of power consumption of UEs, which is quite important for NB-IoT use cases. In most cases, the best way to save energy to find a better cell is to efficiently perform inter-frequency measurements which require additional power consumption to tune radio frequency to a target frequency as well as frequent measurements. In LTE, different types of inter-frequency measurements (e.g. for reduced performance measurement group, or for normal performance measurement group) are performed with different measurement requirements. Similar to LTE, network can signal two thresholds to control whether UE is required to only perform intra-frequency measurements or whether UE is required to perform intra-frequency measurements and inter-frequency measurements for reduced performance measurement group. An additional threshold enabling inter-frequency measurements for normal performance measurement group can be considered for finding a better cell quickly when serving cell quality is too bad. Here, we introduce multiple thresholds for triggering neighbor cell measurement in an efficient way as follows:


Where, S, S_Intra, S_InterR, and S_InterN are received signal level of serving cell/frequency, a threshold for intra-frequency measurement, a threshold for inter-frequency measurement for reduced performance measurement group, and a threshold for inter-frequency measurement for normal performance measurement group, respectively.
If the measured serving cell power/quality (S) is same or above the threshold (S_Intra), the UE does not perform any intra-/inter-frequency measurements. If the measured serving cell power/quality (S) is lower than S_Intra but higher than S_InterR, UE is required to perform intra-frequency measurements. If the measured serving cell power/quality (S) is lower than S_InterR but higher than S_InterN, UE is required to perform intra-frequency measurements and inter-frequency measurements for reduced performance measurement group. If serving cell quality is lower than S_InterN, UE is required to perform intra-frequency measurements and inter-frequency measurements for normal performance measurement group.
To maximize the battery life of NB-IoT UEs, it is proposed that:
Proposal 3: Introduce three thresholds that control whether UE is required to perform following measurements: a) intra-frequency measurements, b) intra-frequency measurements and inter-frequency measurements (reduced performance), c) intra-frequency measurements and inter-frequency measurements (normal performance).
If neighbor frequency list is provided in system information, UE should be required to limit its measurements within the list for cell reselection.
Proposal 4: Measurements for cell reselection are limited within the neighbor frequency list in the system information.

Conclusion
Proposal 1: Confirm that idle mode mobility for NB-IoT supports a cell (re-)selection procedure as already defined for LTE system. Cell selection and reselection for NB-IoT are simplified in accordance with minimum requirements for NB-IoT use cases.
Proposal 2: Confirm that no frequency priority concept is introduced for idle mode mobility. Cell reselection for NB-IoT is solely based on ranking of measured cell quality.
Proposal 3: Introduce three thresholds that control whether UE is required to perform following measurements: a) intra-frequency measurements, b) intra-frequency measurements and inter-frequency measurements (reduced performance), c) intra-frequency measurements and inter-frequency measurements (normal performance).
Proposal 4: Measurements for cell reselection are limited within the neighbor frequency list in the system information.
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