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1 Introduction
The Rel-16 work item on additional enhancements for NB-IoT was approved at RAN#80 and revised at RAN#81 [1]. One of the objectives in this work item is to reduce the power consumption during inter-RAT idle mode mobility.
	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 [3] some initial agreements were made:
	· 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




2 Discussion
Inter RAT idle mode mobility to/from NB-IoT was introduced by SA2 in Rel-14 as part of the WI on CIoT_Ext to avoid the signalling overhead due to a detach followed by reattach at mobility between RAT, [4]

 REF _Ref528161881 \r \h 
[5].

At the time, RAN2 decided not to introduce any AS support for idle mode mobility [6]:
	RAN2 discussed idle mode mobility between NB-IoT and WB-E-UTRAN and reached the following conclusions:

( iRAT mobility (including NB-IoT – LTE mobility) is not supported in NB-IoT at RAN level in REL-14, i.e. there is no iRAT info in system information, and the UE is not required to perform iRAT measurements when the UE is multi-RAT capable.


Inter RAT idle mode mobility to/from NB-IoT is performed via cell selection and is controlled by NAS. It can be triggered e.g. due to loss of coverage in the current radio access technology, higher priority PLMN search or higher priority RAT search. In absence of information about other RAT(s) in the neighbourhood, the UE has to perform a RF scan to find out. This is a costly procedure, and can have severe impact on the battery life if performed regularly, e.g. periodic background search.
A straightforward way to avoid the blind search for cells in other RAT is to provide the UE with information about other RATs (e.g. bands/ frequencies) in the neighbourhood. Using this information, the UE can limit the search to the bands/frequencies that are signalled and eventually could avoid completely the scan if the information indicate no absence of a certain in the neighbourhood.

The assistance information should be related to the current location of the UE, i.e. should be cell specific. The natural way to achieve this is to provide the assistance information by system information broadcast.

Proposal 1: Assistance information about other RATs in the neighbourhood is provided in system information.  

The most power intensive part of cell selection is the scan of multiple carriers (and bands) in order to find a suitable cell on any carrier the UE supports. In order to limit the search, it therefore makes sense that at least information about the available carriers is made available to the UE. As previously agreed, it is up to the UE implementation how and when to perform measurements – therefore the UE may use this information to limit the search (i.e. it does not prevent UE from performing other measurements if it so wishes).

Proposal 2: At least information about the available carriers should be available

Proposal 2a: A list of NB-IoT carriers may be broadcast in eMTC/LTE cells

Proposal 2b: A list of eMTC/LTE carriers may be broadcast in NB-IoT cells

Proposal 2c: A list of GERAN carriers may be broadcast in NB-IoT cells

In addition, we should be careful to limit the amount of information that needs to be signalled. For example, the method used in LTE for signalling GERAN neighbours is optimised in System Information Block Type 7 by providing the opportunity to signal groups of carriers. This is because in GERAN there is a one to one relationship between carrier and cell, and therefore signalling an explicit list may not always be the optimal way. 

CarrierFreqsGERAN information element

-- ASN1START

CarrierFreqsGERAN ::=


SEQUENCE {


startingARFCN





ARFCN-ValueGERAN,


bandIndicator





BandIndicatorGERAN,


followingARFCNs





CHOICE {



explicitListOfARFCNs



ExplicitListOfARFCNs,



equallySpacedARFCNs




SEQUENCE {




arfcn-Spacing





INTEGER (1..8),




numberOfFollowingARFCNs



INTEGER (0..31)



},



variableBitMapOfARFCNs



OCTET STRING (SIZE (1..16))


}

}

ExplicitListOfARFCNs ::=


SEQUENCE (SIZE (0..31)) OF ARFCN-ValueGERAN

On the other hand, NB-IoT carriers and LTE carriers most likely always need to have an explicit list of carriers.

Proposal 3a: CarrierFreqsGERAN is re-used to signal GERAN carriers in NB-IoT (as used in LTE SIB7) to allow signalling of an explicit list or optimised range.
Proposal 3b: Explicit list of LTE carriers (ARFCN-ValueEUTRA) is signalled in NB-IoT (as used in LTE SIB5)
Proposal 3c: Explicit list of NB-IoT carriers (CarrierFreq-NB) is signalled in LTE (as used in NB-IoT SIB5-NB)
To avoid excessive overhead on broadcast channels, the amount information being broadcast should be limited and therefore we should consider whether any further information is really necessary or not. A potential candidate for additional information is the S-criteria parameters (i.e. Qrxlevmin and Qqualmin). This would enable a UE to determine whether a measured cell is suitable for cell selection without having to read the target cell system information and could improve the cell selection performance (at least based on cell measurement – of course cell access related parameters also need to be checked if a cell is selected). 
We think this needs further consideration before deciding, and the trade-off between broadcast signalling overhead and cell selection performance improvement should be discussed.
Proposal 4: FFS whether cell selection parameters may be provided (Qrxlevmin for LTE, NB-IoT, GERAN + Qqualmin for LTE, NB-IoT).
One further piece of information which could be useful when determining which LTE cells to consider for cell selection would be whether or not an LTE carrier contains full bandwidth only cells (i.e. only SIB1 is broadcast and BL/CE is not supported), whether it contains cells supporting both normal operation and BL/CE (i.e. SIB1 and SIB1-BR are broadcast), or whether the carrier only contains BL/CE standalone cells (i.e only SIB1-BR is broadcast). This is due to the objective in [2] for standalone deployment: there may be cells or carriers supporting only BL/CE operation, and there may be carriers not supporting BL/CE operation at all. We think this also needs to be discussed in the context of how useful it is compared to the overhead.

Proposal 5: FFS whether information about the operation mode of LTE carriers may be provided (i.e. whether SIB1 and/or SIB1-BR are broadcast, or whether the carrier is eMTC standalone, normal operation only, or mixed).
3 Conclusion
In this document, we discuss the parameters which may be used for providing assistance information for cell selection to/from NB-IoT, and how to provide them.  
Proposal 1: Assistance information about other RATs in the neighbourhood is provided in system information.  

Proposal 2: At least information about the available carriers should be available

Proposal 2a: A list of NB-IoT carriers may be broadcast in eMTC/LTE cells

Proposal 2b: A list of eMTC/LTE carriers may be broadcast in NB-IoT cells

Proposal 2c: A list of GERAN carriers may be broadcast in NB-IoT cells

Proposal 3a: CarrierFreqsGERAN is re-used to signal GERAN carriers in NB-IoT (as used in LTE SIB7) to allow signalling of an explicit list or optimised range.
Proposal 3b: Explicit list of LTE carriers (ARFCN-ValueEUTRA) is signalled in NB-IoT (as used in LTE SIB5)
Proposal 3c: Explicit list of NB-IoT carriers (CarrierFreq-NB) is signalled in LTE (as used in NB-IoT SIB5-NB)

Proposal 4: FFS whether cell selection parameters may be provided (Qrxlevmin for LTE, NB-IoT, GERAN + Qqualmin for LTE, NB-IoT).
Proposal 5: FFS whether information about the operation mode of LTE carriers may be provided (i.e. whether SIB1 and/or SIB1-BR are broadcast, or whether the carrier is eMTC standalone, normal operation only, or mixed).
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