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1 Introduction
In RAN2#91BIS, some discussions related to NB-IOT idle mode procedure and mobility in eMTC are discussed. 

In this contribution, the deployment scenario, idle mode mobility and redirection are discussed.
2 Discussion
2.1 Cell (re) selection and coverage level
2.1.1 Deployment scenario and UE mode

In last RAN2 meeting, there were some discussions related to deployment scenarios. The possible deployment scenarios are listed in the following Table1.
Table 1. Deployment scenarios
	
	Deployment scenario

	
	Standalone 
	Guard band
	In band

	Intra operator 

/ inter-operator
	single band/ single frequency 
	Yes
	Yes
	Yes

	
	single band/ multi- frequencies
	Yes
	?
	Yes

	
	Multi-bands/ multi-frequencies
	?
	?
	?


Operators may have multiple bands in which they could deploy NB-IOT, though it is expected that NB-IOT will be deployed in small amount of spectrum. 
Proposal 1: RAN2 to discuss whether the multi-band deployment is supported in NB-IOT.
According to the deployment scenario defined in TR 45.820 [1], there are stationary UEs, non-stationary (up to 30 km/h) UEs and non-stationary (higher than 30 km/h) UEs. Only stationary UEs need to support coverage beyond GPRS coverage requirements. 
The mapping between the coverage level requirement and the UE mobility which agreed in TR 45.820[1] are shown in Table 2. 

Table 2. The mapping of mobility and coverage level

	Coverage level
	Mobility

	
	Stationary
	Non-stationary (up to 30 km/h)
	Non-stationary (higher than 30 km/h)

	No coverage enhancements
	Yes
	Yes
	Yes

	10 dB coverage enhancement
	Yes
	No
	No

	20 dB coverage enhancement
	Yes 
	No 
	No 


For the discussion on idle mode mobility, it is proposed to distinguish between two modes of operation: normal coverage (NC) mode and enhanced coverage (EC) mode. A UE in enhanced coverage mode requires coverage beyond GPRS coverage requirements and requires the use of coverage enhancement techniques to access the cell. There may be multiple coverage levels defined for NB-IOT, we assume that the normal coverage level is mapped to normal coverage mode and all other levels are mapped to enhanced coverage mode.
Note: if RAN4 decides that non-stationary UEs also need to support some levels of coverage enhancements, the corresponding coverage levels could also be mapped to ‘normal coverage mode’ to facilitate mobility.
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Proposal 2: To introduce two modes of operation, normal coverage mode and enhanced coverage mode, for mobility purpose. 
NB-IOT devices are typically expected to be stationary and deployed indoor, with some devices in basements or underground or embedded in objects, where they may be subject to deep penetration losses (up to 20 dB more than legacy GPRS). 

As most devices are expected to be stationary and only stationary UEs support both NC mode and EC mode, it is proposed to optimise the idle mobility procedures for stationary UEs. This is especially important for UEs in enhanced coverage because of power consumption.

Proposal 3: To optimise the cell selection procedure, measurement rules and cell reselection procedure for stationary UEs in normal coverage mode and enhanced coverage mode.
As devices are expected to be deployed in locations with deep penetration loss, to support these stationary devices, all cells need to support the maximum coverage level.

Proposal 4: All NB-IOT cells support the maximum coverage level.
2.1.2 Cell selection
As agreed for LTE eMTC, it is proposed to introduce two S criteria for cell selection: one S-criteria for NC mode and a second S-criteria for EC mode. The UE uses NC mode if the cell is suitable according to the NC S-criteria, and uses EC mode if the cell is suitable according to the EC S-criteria. As NB-IOT supports higher level of coverage enhancement, i.e. 20dB, the S-criteria parameters’ ranges are expected to be different from those used for eMTC .
Proposal 5: Two S-criteria for cell selection are introduced: one S-criteria for normal coverage mode and one S-criteria for enhanced coverage mode. 

Proposal 6: UE operates in normal coverage mode or extended coverage mode according to the used S-criteria. 

In LTE/eMTC, the general principle is that UE selects the first cell that is suitable on order to get service as soon as possible and then move to a ‘better’ cell via the cell reselection process.

In NB-IOT, there is no requirement to gain service as soon as possible (e.g. for voice or emergency services). During initial cell selection, the UE firstly searches for a suitable cell according to the NC S-criteria and only if none can be found, the UE selects a suitable cell according to the EC S-criteria. 

Proposal 7: During initial cell selection, UE shall try to find a suitable cell according to the normal coverage S-criteria and only if none can be found, UE selects a suitable cell according to the enhanced coverage S-criteria.
The UEs will usually always operate in the same coverage mode because they are either stationary or, if mobile, always operating in normal coverage mode. Thus it is proposed that, in the stored information cell selection process, the UE searches for a cell according the S-Criteria corresponding to its last coverage mode for power saving purpose. 
Proposal 8: In the stored information cell selection process, UE uses the S-criteria corresponding to the last used coverage mode to find a suitable cell to camp on. 
2.1.3 Cell reselection
It was agreed in last RAN2 meeting[2] that both intra-frequency and inter-frequency cell reselection are supported in NB-IOT.

We think it is good to configure coverage mode specific measurement rules for cell reselection. When in normal coverage mode, the UE uses the SintrasearchNC and SnonintrasearchNC to trigger the intra-frequency and inter-frequency neighbour cell measurement.

Proposal 9: In normal coverage mode, UE uses the SintrasearchNC and SnonintrasearchNC to trigger the intra-frequency and inter-frequency neighbour cell measurement.
When UE is in EC mode, it may trigger inter-frequency cell reselection measurement to find a cell where it can have better coverage. However, for stationary UE in EC mode, the possiblity to change the coverage mode is quite low, so the inter-frequency measurement rules need to be optimised for power saving. In this case, the UE uses the SintrasearchEC and SnonintrasearchEC to trigger the intra-frequency and inter-frequency neighbour cell measurement. 

Proposal 10: In enhanced coverage mode, UE uses the SintrasearchEC and SnonintrasearchEC to trigger the intra-frequency and inter-frequency neighbour cell measurement.
The major drawback of priority based cell reseleciton is that once UE wakes up for paging reception or UL data transmission, the UE needs to perform measurements on the frequency(ies) with higher priority. This will introduce additonal power consumpion.The merit of priority based cell reselection is to achieve good load balancing between frequencies and to reduce the number of measured frequencies. 

It is expected that only a few frequencies are used in NB-IOT. It is acceptable to configure and maintain the frequency specific offset for cell reselection. By this way load balancing across different frequencies can be achieved.
In conclusion, ranking based cell reselection can provide the load balancing across different frequencies. 

Proposal 11: Priority based cell reselection is not supported in NB-IOT, instead ranking based cell reselection is used.
2.2 Idle mode mobility and redirection
As described above, ranking-based cell reselection can achieve load balancing across different frequencies by setting frequency offset.
In addition, the RRC connection release can redirect UE to a specific frequency. When the UE enters connected mode, the eNB can determine the serving cell’s RSRP from the UE selected coverage level. Due to the similar pathloss, a UE’s RSRP measurements will be almost the same for all cells at the same site, using different frequencies in the same band. In the case that eNB wants to offload the UE to another frequency, the eNB can redirect the UE to a frequency which is in the same band of the serving cell.

In this way, the UE can be steered to some specific frequency without the need for connected mode measurements. Avoiding measurement configuration and measurement reporting in connected mode will save signalling and therefore power.
Proposal 12: Redirection is supported in NB-IOT. Measurement configuration and measurement reporting are not supported in NB-IOT.

3 Conclusion

This paper introduces the idle mode mobility of NB-IOT, the corresponding proposals are listed below. 
Proposal 1: RAN2 to discuss whether the multi-band deployment is supported in NB-IOT.
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Proposal 2: To introduce two modes of operation, normal coverage mode and enhanced coverage mode, for mobility purpose. 
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Proposal 3: To optimise the cell selection procedure, measurement rules and cell reselection procedure for stationary UEs in normal coverage mode and enhanced coverage mode.
Proposal 4: All NB-IOT cells support the maximum coverage level.

Proposal 5: Two S-criteria for cell selection are introduced: one S-criteria for normal coverage mode and one S-criteria for enhanced coverage mode. 

Proposal 6: UE operates in normal coverage mode or extended coverage mode according to the used S-criteria. 

Proposal 7: During initial cell selection, UE shall try to find a suitable cell according to the normal coverage S-criteria and only if none can be found, UE selects a suitable cell according to the enhanced coverage S-criteria.

Proposal 8: In the stored information cell selection process, UE uses the S-criteria corresponding to the last used coverage mode to find a suitable cell to camp on. 
Proposal 9: In normal coveage mode, UE uses the SintrasearchNC and SnonintrasearchNC to trigger the intra-frequency and inter-frequency neighbour cell measurement.

Proposal 10: In enhanced coverage mode, UE uses the SintrasearchEC and SnonintrasearchEC to trigger the intra-frequency and inter-frequency neighbour cell measurement.
Proposal 11: Priority based cell reselection is not supported in NB-IOT, instead ranking based cell reselection is used.
Proposal 12: Redirection is supported in NB-IOT. Measurement configuration and measurement reporting are not supported in NB-IOT.
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