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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 RAN2#103bis meeting [3], we made some progress on inter-RAT mobility for NB-IoT.
	RAN2 understands that cell reselection between NB-IoT and any other RAT is not within the scope of this WI
NB-IoT network may indicate eMTC/LTE/GERAN assistance information for inter-RAT cell selection
eMTC/LTE network may indicate NB-IoT assistance information for inter-RAT cell selection
Intention is not to provide cell reselection parameters 
It is up to UE implementation how and when to perform measurements for cell selection of the target RAT



In this paper, we further discuss the RAN2 details. 
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Assistance information
According to RAN2 agreements in previous meeting, RAN2 suggests that the network provide assistance information for inter-RAT cell selection, but cell reselection parameters are not to be provided. In practice, some parameters involved in cell reselection are helpful for cell selection, while others are not needed if UE does not support cell reselection.  We now examine the detailed procedures and see if they are also applicable to our NB-IoT/MTC case. In this section we consider only the scenarios agreed in previous meeting, i.e., cell selection from NB-IoT to eMTC/LTE/GERAN and from eMTC/LTE to NB-IoT. Cell selection from GREAN to NB-IoT is discussed in latter section.
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 certain threshold. For IoT devices, the configuration of priority may be more complicated. For example, for a MTC/NB-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.
Proposal 1:	Priorities of different inter-RAT frequencies are not included in assistance information for inter-RAT selection.
Measurements on inter-RAT frequencies
Since priorities are not to be provided, rules about measurement on higher/lower-priority inter-RAT frequencies do not apply. However, to help UE reduce power consumption on cell search, the network may provide assistance information about the frequency identifiers of neighbour cells (e.g., NB-IoT eNB provides UE with EARFCN of eMTC cells or ARFCN of GERAN cells). UE determines its own behaviour of measurement on inter-RAT frequencies. For example, if UE is not camping on a cell of its top-priority RAT, it may perform measurements on higher-priority frequencies.
Proposal 2:	NB-IoT network may indicate frequency identifiers of neighbouring eMTC/LTE/GERAN cells to assist inter-RAT selection.
Proposal 3:	eMTC/LTE network may indicate frequency identifiers of neighbouring NB-IoT cells to assist inter-RAT selection.
Suitability criteria for inter-RAT cells
In LTE, the cell selection criterion S in normal coverage is fulfilled when:
	Srxlev > 0  AND  Squal > 0


where:
	Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation - Qoffsettemp
Squal = Qqualmeas – (Qqualmin + Qqualminoffset) - Qoffsettemp


When performing cell selection, UE may obtain the minimum required RX or quality level in the cell from SIB1 and evaluate the suitability of a cell. In a multi-RAT scenario, UE may acquire SIB1 after it detects an inter-RAT cell and camp on this cell if it meets the suitability criteria. Alternatively, the serving cell may broadcast parameters about suitability of inter-RAT cells.
Proposal 4:	NB-IoT network may indicate suitability criteria for neighbouring eMTC/LTE/GERAN cells to assist inter-RAT selection.
Proposal 5:	eMTC/LTE network may indicate suitability criteria for neighbouring NB-IoT cells to assist inter-RAT selection.
Inter-RAT cell selection from GREAN to NB-IoT
To allow efficient inter-RAT cell selection, some assistance information regarding another RAT may be broadcasted. RAN2 already agreed that NB-IoT network may indicate eMTC/LTE/GERAN assistance information, and eMTC/LTE network may indicate NB-IoT assistance information for inter-RAT cell selection. RAN2 has not yet made any agreement about GREAN network indicating NB-IoT assistance information for inter-RAT cell selection, since this means new signalling needs to be introduced in GREAN specification is required.
Observation 1:	If GREAN network is to indicate NB-IoT assistance information for inter-RAT cell selection, modification of GREAN specification is required.
It is up to RAN6 decision whether modification of GREAN specification is possible. However, we expect unwillingness of updating legacy GREAN networks. Therefore, we suggest not modifying any signalling in GREAN. However, descriptions about UE behaviour in GREAN can be modified if necessary.
Proposal 6:	For inter-RAT cell selection, signalling in GREAN should not be modified, but descriptions about UE behaviour in GREAN can be modified if necessary. 
Now we study methods to provide assistance information for UE switching from GREAN to NB-IoT, without introducing new signalling in GREAN. This is possible if UE was connected to an NB-IoT cell before being served by GREAN, since UE can obtain assistance information about how to perform cell selection “back” to NB-IoT when it camps on a GREAN cell.
Observation 2:	If a UE was connected to an NB-IoT cell before being served by GREAN, it is possible for UE to obtain assistance information from NB-IoT cell about how to perform cell selection “back” to NB-IoT from a GREAN cell.
The considered scenario is quite practical since a UE supporting both NB-IoT and GREAN is likely to set NB-IoT as a high-priority RAT and camp on it as long as a suitable NB-IoT cell presents. Since cell selection is a UE-based procedure, the assistance information shall not include any instruction about how UE camping on GREAN performs measurement on NB-IoT frequencies. The assistance information can be a list of available NB-IoT frequencies. UE obtain such list when it is connected to NB-IoT network, and store it as long as UE in the same operator.
Proposal 7:	NB-IoT network may indicate a list of available NB-IoT frequencies to assist inter-RAT selection from GREAN to NB-IoT.
Conclusion
We have the following observation:
Observation 1:	If GREAN network is to indicate NB-IoT assistance information for inter-RAT cell selection, modification of GREAN specification is required.
Observation 2:	If a UE was connected to an NB-IoT cell before being served by GREAN, it is possible for UE to obtain assistance information from NB-IoT cell about how to perform cell selection “back” to NB-IoT from a GREAN cell.
It is proposed to discuss and decide on the following proposals:
Proposal 1:	Priorities of different inter-RAT frequencies are not included in assistance information for inter-RAT selection.
Proposal 2:	NB-IoT network may indicate frequency identifiers of neighbouring eMTC/LTE/GERAN cells to assist inter-RAT selection.
Proposal 3:	eMTC/LTE network may indicate frequency identifiers of neighbouring NB-IoT cells to assist inter-RAT selection.
Proposal 4:	NB-IoT network may indicate suitability criteria for neighbouring eMTC/LTE/GERAN cells to assist inter-RAT selection.
Proposal 5:	eMTC/LTE network may indicate suitability criteria for neighbouring NB-IoT cells to assist inter-RAT selection.
Proposal 6:	For inter-RAT cell selection, signalling in GREAN should not be modified, but descriptions about UE behaviour in GREAN can be modified if necessary. 
Proposal 7:	NB-IoT network may indicate a list of available NB-IoT frequencies to assist inter-RAT selection from GREAN to NB-IoT.
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