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Until Rel-15, the functionality of “Inter-RAT Cell Selection and Reselection including measurements in other RATs” is not applicable to NB-IOT [1]. However, some IOT devices do support multi-mode operation (e.g., MTC/NB-IOT). Also, NB-IOT chipset may be embedded in smartphones for particular applications. Therefore, inter-RAT mobility should be considered.
For Rel-16 NB-IOT, to support inter-RAT mobility and improve power efficiency, the following objective has been approved [2].
	Mobility enhancement:
· Specify power efficient NB-IOT mechanism which would assist idle mode inter-RAT cell selection for NB-IOT to and from LTE, LTE-MTC and GERAN [RAN2] 



In this paper, we further discuss the RAN2 details. 
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Inter-RAT cell selection vs. reselection
In the objective shown above, the terminology of idle mode inter-RAT cell selection is used. However, when it comes to UE behaviour in inter-RAT scenario, we usually consider cell reselection, i.e., UE first camps on a cell in one RAT and then switches to another cell in another RAT. To allow inter-RAT cell reselection, some parameters (e.g. priority, threshold, offset) regarding another RAT may need to be broadcasted. For idle mode mobility between NB-IOT and LTE/MTC, this is not a problem, but when GREAN is considered this implies modification of GREAN specification, which may be unwanted.
Observation 1:	If inter-RAT cell reselection between NB-IOT and GREAN is to be introduced, modification of GREAN specification is required.
If we do not want to modify GREAN specification, mobility between NB-IOT and GREAN can only be handled by cell selection. That is, UE enters any cell selection state after losing connection with NB-IOT cell, and then selects a GREAN cell if a suitable one is available, or the other way around. As a consequence, we suggests that the idle mode mobility between NB-IOT and LTE/MTC be handled by cell reselection procedure, while that between NB-IOT and GREAN be handled by cell selection.
Proposal 1:	Idle mode mobility between NB-IOT and LTE/MTC is handled by cell reselection procedure, while that between NB-IOT and GREAN is handled by cell selection.
In the following sections, we discuss the idle mode mobility (1) between NB-IOT and GREAN, and (2) between NB-IOT and LTE/MTC.
Inter-RAT cell selection between NB-IOT and GREAN
Although we do not intend to modify GREAN specifications, it is still possible to introduce some mechanisms in NB-IOT to assist idle mode inter-RAT cell selection between NB-IOT and GREAN. For example, a NB-IOT serving cell may provide UEs with the information about neighbouring GREAN cells, or broadcast rules (e.g. thresholds, offsets) for UE to make decide whether and when to switch from NB-IOT to GREAN. Notice that although the switching may be based on information provided by NB-IOT cell, it is still considered as cell selection, that is, UE performs detach/attach procedure instead of routing area update (RAU) procedure. 
Proposal 2:	NB-IOT serving cell may provide UEs with the information about neighbouring GREAN cells, or broadcast rules for UE to decide whether and when to switch from NB-IOT to GREAN.
On the other hand, the switching from GREAN to NB-IOT should be solely based on UE implementation, since GREAN cells are not expected to know the existence of NB-IOT cells.
Proposal 3:	The switching from GREAN to NB-IOT is based on UE implementation.
Inter-RAT cell reselection between NB-IOT and LTE/MTC
1.1.1 Measurement rules for cell reselection
In LTE, the UE shall perform measurements of higher priority E-UTRAN inter-frequency or inter-RAT frequencies. The UE may choose not to perform measurements of E-UTRAN inter-frequencies or inter-RAT frequency cells of equal or lower priority, if the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ. Similar rules should be applicable to cell reselection between NB-IOT and LTE/MTC.
Proposal 4:	For cell reselection between NB-IOT and LTE/MTC, measurement rules similar to those for cell reselection in LTE are applied. 
1.1.2 Priority-based cell reselection
In LTE, inter-RAT cell reselection is based in pre-configured priorities. The UE behaviour can be summarized as follows. 
· Higher priority inter-RAT cell: Cell reselection to a cell on a higher priority inter-RAT frequency than the serving frequency shall be performed if a cell of a higher priority RAT fulfils S > ThreshX, High during a time interval TreselectionRAT, and more than 1 second has elapsed since the UE camped on the current serving cell. Here the ‘S’ can be Srxlev or Squal, with threshold being based on RSRP or RSRQ, respectively.
· Lower priority inter-RAT cell: If serving cell S < ThreshServing, Low, cell reselection to a cell on a lower priority inter-RAT frequency than the serving frequency shall be performed if a cell of a lower priority RAT fulfils S > ThreshX, Low during a time interval TreselectionRAT, and more than 1 second has elapsed since the UE camped on the current serving cell.
We now examine the detailed procedures and see if they are also applicable to our NB-IOT/MTC case.
Time-of-stay before cell reselection
The time-of-stay condition for cell reselection is to avoid ping-pong been cells. For NB-IOT, this concept shall be kept, i.e., cell reselection to and from another RAT can be performed only if UE has camped on current serving cell for a given duration.
Proposal 5:	Inter-RAT cell reselection to and from NB-IOT cell shall be allowed only if UE has camped on current serving cell for a given duration.
Priorities of different RATs
In LTE, priorities of different RATs are clearly defined. UE always tries to reselect to a higher-priority cell, while lower-priority cells are considered only when current serving cell falls below threshold. For example, if E-UTRAN is configured with priority higher than UTRAN, UE will always try to camp on E-UTRAN. For IOT, the configuration of priority may be more complicated. For example, for a MTC/MB-IOT dual-mode UE, does UE prefer MTC or NB-IOT? MTC offers higher data rate at the cost of power consumption, while NB-IOT is power efficient but only supports small data.
Nonetheless, priority should be clearly configured, otherwise, for paging operation, the network may need to page a multi-mode IOT UE on all possible RATs it can camp on, bringing significant overhead.
Proposal 6:	For inter-RAT cell reselection involving NB-IOT, priorities of different RATs should be clearly configured.
UE in enhanced coverage
[bookmark: _GoBack]In LTE/MTC, while the UE is in enhanced coverage, ranking (as defined in Section 5.2.4.6, TS 36.304) is applied for intra-frequency and inter-frequency cell reselection, irrespective of configured frequency priorities, if any. For a dual mode IOT device supporting NB-IOT and MTC, the RAT in normal coverage will be selected when another RAT is in enhanced coverage. However, it is also possible that both RATs have to be accessed in coverage enhancement mode. In this case, if LTE rules are adopted, UE performs ranking on NB-IOT and MTC cells all together, irrespective of any configured priorities. Since NB-IOT has much narrower bandwidth, there may be concerns if the RSRP values measured on different RATs are compared directly. Then RAN2 should study compensation mechanisms when RSRP measured on RATs with different bandwidths are to be compared, e.g. adjusting value range of Qoffset. Alternatively, another set of priorities can be introduced for cell reselection for NB-IOT UE in CE mode. 
Proposal 7:	For UE in enhanced coverage, cell reselection to and from NB-IOT can be (a) based on ranking, irrespective of any configured priorities, or (b) another set of priorities for CE mode. 
Proposal 8:	If inter-RAT cell reselection for NB-IOT UE in CE is based on ranking, RAN2 should study compensation mechanisms when RSRP measured on RATs with different bandwidths are to be compared.
Relaxed monitoring
Relaxed monitoring has been introduced to NB-IOT to allow further power saving for UEs in poor coverage but cannot find a better cell for reselection. 
Proposal 9:	Relaxed monitoring should be applied to inter-RAT cell reselection for NB-IOT.
Conclusion
We have the following observation:
Observation 1:	If inter-RAT cell reselection between NB-IOT and GREAN is to be introduced, modification of GREAN specification is required.
It is proposed to discuss and decide on the following proposals:
Proposal 1:	Idle mode mobility between NB-IOT and LTE/MTC is handled by cell reselection procedure, while that between NB-IOT and GREAN is handled by cell selection.
Proposal 2:	NB-IOT serving cell may provide UEs with the information about neighbouring GREAN cells, or broadcast rules for UE to decide whether and when to switch from NB-IOT to GREAN.
Proposal 3:	The switching from GREAN to NB-IOT is based on UE implementation.
Proposal 4:	Cell reselection between NB-IOT and LTE/MTC, measurement rules similar to those for cell reselection in LTE are applied. 
Proposal 5:	Inter-RAT cell reselection to and from NB-IOT cell shall be allowed only if UE has camped on current serving cell for a given duration.
Proposal 6:	For inter-RAT cell reselection involving NB-IOT, priorities of different RATs should be clearly configured.
Proposal 7:	For UE in enhanced coverage, cell reselection to and from NB-IOT can be (a) based on ranking, irrespective of any configured priorities, or (b) another set of priorities for CE mode. 
Proposal 8:	If inter-RAT cell reselection for NB-IOT UE in CE is based on ranking, RAN2 should study compensation mechanisms when RSRP measured on RATs with different bandwidths are to be compared.
Proposal 9:	Relaxed monitoring should be applied to inter-RAT cell reselection for NB-IOT.
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