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RAN#80 approved a Rel-16 WI on “Rel-16 enhancements for NB-IoT” [1] specifying a number of areas to investigate, and if possible, specify improvements. Of interest for this paper is: 

	
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]




There are already today devices that support several RATs (Radio Access Technologies). Examples of RATs are NB-IoT, E-UTRAN, and GERAN (EC-GSM-IoT is a feature of GERAN; LTE-M is a feature of E-UTRAN, etc.) Given limitations on NB-IoT to perform measurements (on other RATs), a very simple setup would be a device that upon power-on uses more than one RAT (i.e. uses a separate radio chain per RAT) to try to identify a suitable cell. However, given the requirements on power consumption it may be possible to optimize the cell selection procedure for NB-IoT devices. In this paper we provide our understanding of the problems and some ideas on how to improve performance. 
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In the specification the cell selection process is described as [2] :
[bookmark: _Toc510351392]5.2.3 	Cell Selection process
[bookmark: _Toc510351393]5.2.3.1 	Description
The UE shall use one of the following two cell selection procedures:
a) 	Initial Cell Selection
	This procedure requires no prior knowledge of which RF channels are E-UTRA or NB-IoT carriers. The UE shall scan all RF channels in the E-UTRA bands according to its capabilities to find a suitable cell. On each carrier frequency, the UE need only search for the strongest cell. Once a suitable cell is found this cell shall be selected.
b) 	Stored Information Cell Selection
	This procedure requires stored information of carrier frequencies and optionally also information on cell parameters, from previously received measurement control information elements or from previously detected cells. Once the UE has found a suitable cell the UE shall select it. If no suitable cell is found the Initial Cell Selection procedure shall be started.
NOTE:	Priorities between different frequencies or RATs provided to the UE by system information or dedicated signalling are not used in the cell selection process.
Important definitions in the above text are [3]:
-	“A suitable cell is one for which the measured cell attributes satisfy the cell selection criteria; the cell PLMN is the selected PLMN, registered or an equivalent PLMN; the cell is not barred or reserved and the cell is not part of a tracking area which is in the list of "forbidden tracking areas for roaming";” Note: NB-IoT UEs cannot measure on other RATs than NB-IoT.
-	“An acceptable cell is one for which the measured cell attributes satisfy the cell selection criteria and the cell is not barred.” Note: Acceptable cell is not supported for NB-IoT UEs.
Cell selection is the process where the UE attempts to establish a connection to the network. There are several reasons when a UE attempts to select a cell. The most common ones are:
1. Power on (case a above), in which the UE attempts to identify a suitable cell. If this is not possible the UE tries to identify an acceptable cell. 
2. Leaving RRC_CONNECTED (case b above); the UE camps in the cell to which is was last RRC_CONNECTED.
3. Returning from out of coverage (case b above). In this case the UE tries to find a cell first based on stored information and second using the procedure for initial cell selection. If no suitable cell is found, the UE camps in a acceptable cell.
Since a NB-IoT does not support camping on an acceptable cell, we can conclude that as soon as the NB-IoT does not find a suitable cell, an IRAT cell selection needs to be performed. In other words, the suitable cell or the acceptable cell may be provided by another RAT.
[bookmark: _Toc525215879][bookmark: _Toc525629827][bookmark: _Toc525823513]An NB-IoT device cannot measure on other RATs. Hence, for IRAT-cell selection to be possible at all a device needs to support other RATs in addition to NB-IoT.
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An important part of the initial cell selection is the selection of PLMN.
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After obtaining PLMN 
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In section 2 we made the following observations:
Observation 1	An NB-IoT device cannot measure on other RATs. Hence, for IRAT-cell selection to be possible at all a device needs to support other RATs in addition to NB-IoT.
Observation 2	NB-IoT devices do not support camping on an “acceptable cell”. When not possible to camp on an acceptable NB-IoT cell the device has to select another RAT.
Observation 3	Cell selection may potentially result in significant power consumption if there are many RATs that the device must consider (i.e. an NB-IoT device that supports many RATs).

Based on the discussion in section 2 we propose the following:
[bookmark: _GoBack]Proposal 1	UE performs cell selection according to the priority order of RATs which is configurable by the Operator.
Further a text proposal is provided in the appendix.
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Appendix: Text proposal for TS36.331
SystemInformationBlockType3-NB information element
-- ASN1START

SystemInformationBlockType3-NB-r13 ::=  SEQUENCE {
    cellReselectionInfoCommon-r13          SEQUENCE {
       q-Hyst-r13                           ENUMERATED {
                                                dB0, dB1, dB2, dB3, dB4, dB5, dB6, dB8, dB10,
                                                dB12, dB14, dB16, dB18, dB20, dB22, dB24
                                                }
    },
    cellReselectionServingFreqInfo-r13     SEQUENCE {
       s-NonIntraSearch-r13                  ReselectionThreshold
    },
    intraFreqCellReselectionInfo-r13       SEQUENCE {
       q-RxLevMin-r13                        Q-RxLevMin,
       q-QualMin-r13                         Q-QualMin-r9           OPTIONAL,   -- Need OP
       p-Max-r13                            P-Max                 OPTIONAL,   -- Need OP
       s-IntraSearchP-r13                    ReselectionThreshold,
       t-Reselection-r13                     T-Reselection-NB-r13
    },
    freqBandInfo-r13                      NS-PmaxList-NB-r13             OPTIONAL,   -- Need OR
    multiBandInfoList-r13                 SEQUENCE (SIZE (1..maxMultiBands)) OF
                                            NS-PmaxList-NB-r13         OPTIONAL,   -- Need OR
    lateNonCriticalExtension                  OCTET STRING               OPTIONAL,
    ...,
    [[  intraFreqCellReselectionInfo-v1350  IntraFreqCellReselectionInfo-NB-v1350 OPTIONAL  -- Cond Qrxlevmin
    ]],
    [[  intraFreqCellReselectionInfo-v1360  IntraFreqCellReselectionInfo-NB-v1360 OPTIONAL  -- Need OR
    ]],
    [[  intraFreqCellReselectionInfo-v1430  IntraFreqCellReselectionInfo-NB-v1430 OPTIONAL  -- Need OR
    ]],
    [[  cellReselectionInfoCommon-v1450     CellReselectionInfoCommon-NB-v1450  OPTIONAL    -- Need OR
    ]],
    [[
       interRatCellSelectionInfoList-v16xy  InterRatCellSelectionInfoList-NB-v16xy  OPTIONAL  --Need OR

    ]]

}

IntraFreqCellReselectionInfo-NB-v1350 ::=   SEQUENCE {
    delta-RxLevMin-v1350                      INTEGER (-8..-1)
}

IntraFreqCellReselectionInfo-NB-v1360 ::=   SEQUENCE {
    s-IntraSearchP-v1360                          ReselectionThreshold-NB-v1360
}

IntraFreqCellReselectionInfo-NB-v1430 ::=   SEQUENCE {
    powerClass14dBm-Offset-r14     ENUMERATED {dB-6, dB-3, dB3, dB6, dB9, dB12}    OPTIONAL,   -- Need OP
    ce-AuthorisationOffset-r14     ENUMERATED {dB5, dB10, dB15, dB20, dB25, dB30, dB35}    OPTIONAL     -- Need OP
}

CellReselectionInfoCommon-NB-v1450 ::=  SEQUENCE {
    s-SearchDeltaP-r14                ENUMERATED {dB6, dB9, dB12, dB15}
}

InterRatCellSelectionInfoList-NB-v16xy ::= SEQUENCE (SIZE (1..maxNoOf-RATs)) OF           
                                           InterRatCellSelectionInfo-NB-v16xy

InterRatCellSelectionInfo-NB-v16xy ::=  SEQUENCE {
    carrierFreq                         EARFCN,     
    carrierFreqPriority                INTEGER (0..9) OPTIONAL
}


-- ASN1STOP

	
	
	



