Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 Meeting #93
R2-161384
St. Julian's, Malta, 15 - 19 February, 2016
Agenda Item:
7.16.2.3
Source:

Huawei, HiSilicon, Neul Ltd.
Title:

Idle Mode Mobility
Document for:
Discussion and decision
1 Introduction
In previous RAN2 meetings, some discussions related to NB-IoT idle mode procedure and mobility in eMTC are discussed. 

In this contribution, the deployment scenario and idle mode mobility are discussed. This paper is the resubmission of R2-160435 in NB-IoT adhoc meeting with small wording change.
2 Discussion
2.1 Deployment scenario
In previous RAN2 meetings, 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
	?
	?
	?


It is unclear whether 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.
2.2 UE modes

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 legacy coverage requirements. 
The mapping between the coverage enhancement 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 enhancement requirement
	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 


Therefore depending on the real mobility that is supported by UEs, it is common that there are 2 kinds of operation mode for UEs: normal coverage (NC) mode and enhanced coverage (EC) mode. 
· A UE in NC mode does not require any extra coverage enhancements. The UE in NC mode can be non-stationary UE with mobility.
· A UE in EC mode requires coverage beyond legacy coverage requirements and requires the use of coverage enhancement techniques to access the cell. The UE in EC mode can be stationary UE.
Based on the above definition it is reasonable to assume that the normal coverage level is mapped to NC mode and all other levels are mapped to EC mode.
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Proposal 2: There are two modes of operation for UEs: normal coverage mode and enhanced coverage mode. 
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 coverage enhancement). 

As most devices are expected to be stationary and normal only stationary UEs need to 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, NC cell in eMTC is not needed for NB-IoT and all cells need to support the maximum coverage level. 
Proposal 4: All NB-IoT cells support the maximum coverage level.
2.3 Cell selection
From sourcing companies’ view it is difficult to find a suitable value for one single S-criteria incell selection. If the threshold is set to a lower value according to enhanced coverage, when the UE meets the threshold, it may stop searching other cells and work in EC mode always even later it may find a cell where it can work in NC mode. If the threshold is set to a higher value according to normal coverage, the UE may have to frequently make measurements of neighbour cells and in the worst case, e.g. the UE is at the border of two NB-IoT cells, the UE is not able to find any suitable cell to camp on as both cells require the UE to be in EC mode. Therefore the value of one single criteria adds difficulty to get balance between coverage selection and cell selection, which may cost too much power consumption.
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. When the UE is in NC mode, if the S-criteria for NC mode is fulfilled by one cell the UE can camp on it; otherwise the UE can search and camp on cells in EC mode. In this case the UE will find suitable cells with minimum power consumption. 

Therefore it is seen beneficial to reuse eMTC mechanism in NB-IoT. As NB-IoT supports higher level of coverage enhancement, i.e. 20dB, the related parameters’ value ranges might be different from those in eMTC, while the major principle can be kept as the same.
Proposal 5: Two S-criteria for cell selection are needed: one S-criteria for normal coverage mode and one S-criteria for enhanced coverage mode. The UE decides the cell selection and coverage mode based on these two criteria.
2.4 Cell reselection
It was agreed that both intra-frequency and inter-frequency cell reselection are supported in NB-IoT [2].

Similar to cell selection, it is also difficult to configure only one single criteria reasonably to trigger neighbour cell measurement. If the threshold is set to lower value according to enhanced coverage, the UE with mobility may not trigger neighbour cell measurement and stay in EC mode for a long period. More repetitions in EC mode cost more power consumption of UE and radio resource of network. If the threshold is set to higher value according to normal coverage, the stationary UE in EC mode may trigger unnecessary measurements since the UE may stalled in base room and always stay in EC mode, which also costs power consumption of UE.
Therefore it is also benefitial to introduce two sets of 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.
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 6: Two sets of criteria are configured for NC mode and EC mode respectively:
· In normal coverage mode, UE uses the SintrasearchNC and SnonintrasearchNC to trigger the intra-frequency and inter-frequency neighbour cell measurement;
· In enhanced coverage mode, UE uses the SintrasearchEC and SnonintrasearchEC to trigger the intra-frequency and inter-frequency neighbour cell measurement.
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: There are two modes of operation for UEs: normal coverage mode and enhanced coverage mode. 

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 needed: one S-criteria for normal coverage mode and one S-criteria for enhanced coverage mode. The UE decides the cell selection and coverage mode based on these two criteria.
Proposal 6: Two sets of criteria are configured for NC mode and EC mode respectively.

· In normal coverage mode, UE uses the SintrasearchNC and SnonintrasearchNC to trigger the intra-frequency and inter-frequency neighbour cell measurement.
· In enhanced coverage mode, UE uses the SintrasearchEC and SnonintrasearchEC to trigger the intra-frequency and inter-frequency neighbour cell measurement.
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