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1 Background
The Idle mode mobility was discussed in RAN2#91bis, and the following agreements were made [1]:
· Intra-frequency and Inter-frequency cell-reselection. Details FFS. 

· “Inter-frequency” denotes a scenario where we have more than one cell on different 180 kHz NB carrier, regardless other character of the deployment. FFS if this definition need to be updated if RAN1 introduces frequency hopping etc.

· RAN2 assume that there is no need to support limited service state or emergency call. 
· We will not support speed dependent scaling of mobility parameters or mobility history. 
· The cell baring concept of LTE should be supported.

· The “cell reserved for operator use” concept of LTE should be supported.
· The differentiation of coverage level is beneficial and will be supported; details might need RAN1/4 input. 
We assume we will not support
· Inter-RAT cell-reselection, or Inter RAT mobility in connected mode (Note that in this respect NB-IOT is a separate RAT from LTE 
In this contribution the Idle mode mobility for NB-IOT is discussed further.

2 Discussion
2.1 Idle mode mobility in NB-IOT

In RAN2#91bis it was agreed to support intra- and inter-frequency cell re-selection (details FFS). In case of inter-frequency mobility there are NB-IOT cells on different 180 kHz NB carriers. In case of intra-frequency mobility there are NB-IOT cells on the same 180 kHz NB carrier. The intra- and inter-frequency mobility scenarios with different deployments are depicted in figure 1: 
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Figure 1: NB-IOT intra- and inter-frequency cell re-selection. 
A NB-IOT device may be able to measure and detect one or more neighboring NB-IOT cells on the same or on different NB-IOT frequencies. A detected NB-IOT neighboring cell can be part of a stand-alone, inband, or guardband deployment but this is neither known nor relevant for NB-IOT mobility. Potentially the existing LTE EARFCNs (100 kHz raster) and GSM ARFCN (200 kHz raster) can be re-used for NB-IOT frequencies. But this is for further RAN1/RAN4 discussions.
In NB-IOT limited mobility (i.e. stationary or low mobility) is supported compared to legacy LTE. The NB-IOT design is assumed to be optimized for stationary devices, although limited mobility is supported. In NB-IOT there is a strong requirement on power saving and weaker requirement on reachability and latency (delay tolerance) compared to legacy LTE. 
It is assumed that a NB-IOT device typically is in a long DRX to save power. A stationary device typically remains camped on the same cell, and does not have a need to continuously detect new possible neighbors. Dependent on the level of mobility and the configured DRX there is an impact on power consumptions, as depicted in figure 2. 
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Figure 2: Mobility use cases.
2.2 Idle mode mobility with coverage enhancements
In RAN2#91bis it was agreed to have intra- and inter-frequency cell re-selection (details FFS) and different coverage levels (details pending RAN1/RAN4 input). Coverage enhancements increase both the indoor penetration, but also the supported range of the cell, as depicted in Figure 3:
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Figure 3: Coverage enhancements.
The cell re-selection procedure in Idle mode includes two aspects:

· Selection of possible cells to consider for cell re-selection (suitability S-criteria)

· Best/strongest cell selection among the possible candidates (cell ranking)

A NB-IOT device in the basement at position A will not consider the cell as a possible candidate to camp on. However a NB-IOT device at position A in “normal” coverage conditions would be able to camp on the cell. Furthermore the device will, based on measurements, select the strongest/best cell of the possible candidates. This cell re-selection procedure is assumed to be suitable with coverage enhancements as well. 
NB-IOT aims to provide coverage enhancements (e.g. improved indoor coverage) compared to GSM. But coverage enhancements come with a cost. To reach for example a NB-IOT device in the basement paging needs to be repeated more often, it takes longer time for the device to acquire system information, and more repetitions are needed during random access. In this contribution it is assumed that if the cell fulfils the cell re-selection criteria (suitability criteria S is fulfilled), then the device is also able to receive paging, acquire system information and perform access on that cell. A cell that supports a higher coverage enhancement level would thus have a lower minimum required RX level (Qrxlevmin):
Proposal 1: If the cell selection criterion S is fulfilled the NB-IOT device is able to receive paging, acquire system information and perform access on that cell. 
Dependent on the required coverage enhancement level in the cell (e.g. indoor penetration) the cell may support a coverage enhancement level up to the maximum coverage enhancement defined for NB-IOT:
Proposal 2: A NB-IOT cell may support a coverage enhancement level up to the maximum coverage enhancement level.

Given that there are no “legacy” devices in NB-IOT as in REL-13 eMTC, i.e. all devices support NB-IOT, it is assumed that:
Proposal 3: The NB-IOT device supports the maximum coverage enhancement level.

RAN4 will study and agree on the RRM requirements for NB-IOT [2]. RAN4 discussed the NB-IOT RRM requirements in RAN4#76bis [3], and agreed on the need for cell selection requirements, and potential cell re-selection requirements pending RAN2 agreements. 
As a reference it is noted that RAN4 concluded for REL-13 eMTC that two coverage levels can be distinguished based on RSRP measurements (R2-153052). RAN4 [3] agreed on relaxed measurement performance below -12 dB and the need for M-PDCCH RLM requirements. For REL-13 eDRX RAN4 [3] agreed on a way forward and the need for IncMon is FFS. 

2.3 Cell select

It is considered useful to support both Reference Signal Received Power (RSRP) and Reference Signal Received Quality (RSRQ) measurements in NB-IOT. The quality based measurements (RSRQ) take into account co-channel and adjacent-channel interference. However the use of RSRQ with a high coverage enhancement level can be discussed further: 

Proposal 4: NB-IOT supports both RSRP and RSRQ measurements (RSRQ measurement with high coverage enhancement level is FFS). 

The existing suitability criteria in TS 36.304 section 5.2.3.2 can be re-used for NB-IOT, i.e. the Qrxlevmin can be set according to the supported coverage enhancement level of the cell: 
Proposal 5: In NB-IOT the cell suitability criteria is defined by Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset (FFS)) – Pcompensation (FFS).
Further discussion is needed if Qrxlevminoffset is needed in NB-IOT to bias the suitability for certain PLMNs. This parameter is used with periodic search for a higher priority PLMN while camped normally in a VPLMN (TS 23.122). Furthermore the need for Pcompensation in NB-IOT depends on the RAN1/RAN4 decisions for the maximum transmit power and power classes in NB-IOT. 
2.4 Cell reselection

There could be certain use cases in NB-IOT that require priority based cell re-selection and dedicated priorities. More specifically if the NB-IOT device is not inclined to stay on the frequency indicated in the redirection info in the connection release there could be a need for priority based cell re-selection:
Proposal 6: RAN2 to discuss if there is a use case that requires priority based cell re-selection for NB-IOT 

In RAN2#91bis the cell re-selection from a cell operating in coverage enhancements to a cell in normal coverage was discussed. However the device should be on the strongest/best cell from the device perspective, because this determines the level of coverage enhancement the device needs. Thus the existing cell re-selection cell ranking procedure for intra-frequency and equal priority inter-frequency (section 5.2.4.6 in TS 36.304) is considered suitable for NB-IOT with coverage enhancements: 

Proposal 7: In NB-IOT for intra- and inter-frequency cell re-selection cell ranking is used.
In NB-IOT it is desired to minimize intra- and especially inter-frequency measurements for cell re-selection with the assumption that NB-IOT only supports limited mobility (i.e. stationary and low mobility). Intra- and inter-frequency measurements are triggered with a threshold, i.e. if the measured power/quality is below this threshold the device is not required to perform measurements. The inter-frequency measurements are more power consuming (compared to intra-frequency measurements), i.e. it is useful to have a separate threshold for intra-frequency and inter-frequency to avoid unnecessary inter-frequency measurements. 
Proposal 8: In NB-IOT there is a separate measurement threshold for intra-frequency and inter-frequency measurements (i.e. SIntraSearch and SInterSearch).
In case the thresholds are not broadcasted in the system information the UE should not be required to continuously perform intra- or inter-frequency measure:

Proposal 9: In NB-IOT there is default value for the measurement thresholds (i.e. SIntraSearch and SInterSearch).
The IFRI indicator is needed for barring in NB-IOT as well: 

Proposal 10: In NB-IOT there is an intra-frequency cell reselection indicator (intraFreqReselection) used when the cell is barred. 

The cell individual offset is useful in NB-IOT to bias cell re-selection to specific cells. Furthermore the frequency specific offset is important to provide “stickiness” to a frequency when the device has been re-directed to the frequency up connection release: 

Proposal 11: NB-IOT supports offsets for neighbouring cell measurements (Qoffset) i.e. cell individual offsets for intra-frequency and frequency specific offset for inter-frequency.
2.5 Miscellaneous

In this section miscellaneous topics related to idle mode mobility are discussed.

For the higher priority PLMN search it is assumed that this can be left to implementation and configuration, i.e. the current maximum “minimum background scan timer” is 8 hours which is deemed sufficient for NB-IOT: 

Proposal 12: NB-IOT supports higher priority PLMN search.

Manual PLMN selection is not considered needed for NB-IOT where it is assumed that the NB-IOT is not manually operated:
Proposal 13: NB-IOT does not support manual mode PLMN selection.

There is no need to support “Camped on Any Cell state” in NB-IOT because emergency calls are not supported: 

Proposal 14: NB-IOT does not support Camped on Any Cell state.

RAN2 needs to discuss if there are scenarios in NB-IOT where the device is on a cell with strong downlink but weak uplink (i.e. PRACH transmissions fail):

Proposal 15: RAN2 to discuss the need for Qoffsettemp in NB-IOT.

3 Summary

RAN2 is kindly asked to discuss Idle mode mobility in NB-IOT: 

Proposal 1: If the cell selection criterion S is fulfilled the NB-IOT device is able to receive paging, acquire system information and perform access on that cell. 

Proposal 2: A NB-IOT cell may support a coverage enhancement level up to the maximum coverage enhancement level.

Proposal 3: The NB-IOT device supports the maximum coverage enhancement level.

Proposal 4: NB-IOT supports both RSRP and RSRQ measurements (RSRQ measurement with high coverage enhancement level is FFS). 

Proposal 5: In NB-IOT the cell suitability criteria is defined by Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset (FFS)) – Pcompensation (FFS).

Proposal 6: RAN2 to discuss if there is a use case that requires priority based cell re-selection for NB-IOT 

Proposal 7: In NB-IOT for intra- and inter-frequency cell re-selection cell ranking is used.

Proposal 8: In NB-IOT there is a separate measurement threshold for intra-frequency and inter-frequency measurements (i.e. SIntraSearch and SInterSearch).

Proposal 9: In NB-IOT there is default value for the measurement thresholds (i.e. SIntraSearch and SInterSearch).

Proposal 10: In NB-IOT there is an intra-frequency cell reselection indicator (intraFreqReselection) used when the cell is barred. 

Proposal 11: NB-IOT supports offsets for neighbouring cell measurements (Qoffset) i.e. cell individual offsets for intra-frequency and frequency specific offset for inter-frequency.

Proposal 12: NB-IOT supports higher priority PLMN search.

Proposal 13: NB-IOT does not support manual mode PLMN selection.

Proposal 14: NB-IOT does not support Camped on Any Cell state.

Proposal 15: RAN2 to discuss the need for Qoffsettemp in NB-IOT.
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