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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.

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.
In order to simplify cell selection procedure for NB-IoT devices and in order to ensure that NB-IoT device do not spend too much power in finding suitable RATs, it is better to indicate to the NB-IoT device via system information broadcast the presence of any other RAT.
[bookmark: _Toc528147231][bookmark: _Toc528508681]Indicate the presence of any other RAT from System Information Broadcast.
There may be several reasons why a NB-IoT device supporting multi-RAT would like to select a different RAT. For instance, the service type provided by other RAT may be more apt, the power consumption, the number of repetitions required, coverage etc. It may be difficult to indicate the properties/characteristics of each RAT in the indication. Further, it may add complexity if some dynamic attribute is added in the indication such as detection of coverage changes base upon deployment status change. However, operator may like to provide some preference and guidance considering all these factors. A better way would be to reflect these attributes in one field calling priority. The operator may give different weightage to different attributes. Some operator may prefer coverage aspect, some may prefer service type etc. This attribute can be reflected in a single field named priority.

[bookmark: _Toc528147227][bookmark: _Toc528336677][bookmark: _Toc528508675]There can be several attributes that may impact cell selection. However, it may appear as an overkill to specify all these different attributes. The operator may combine these attributes into one single field, Priority.

The attribute priority should be considered more as a guideline to the NB-IoT device rather than as a mandate to consider cell selection based upon this. If two RATs have similar quality level, the NB-IoT device may then take the priority into consideration. The number of RATs that the UE may support could be large or many RATs would be available. For instance, GSM has three different low priority RATs (Power Efficient Operation, EC-GSM, GPRS). Similarly, the device may have both NB-IoT and LTE-M capability as well. Thus, when multiple RATs are available, the UE may evaluta cell suitability criterion in only a few top priority RATs configured by operator to save battery. 

[bookmark: _Toc528147232][bookmark: _Toc528508682]UE performs cell selection according to the priority order of RATs which is configurable by the Operator.

[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc525203230][bookmark: _Toc525203261][bookmark: _Toc525215881][bookmark: _Toc525629829][bookmark: _Toc525823515][bookmark: _Toc528147228][bookmark: _Toc528336678][bookmark: _Toc528508676]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). Having priority may also help NB-IoT device to filter RATs if many RATs are available for cell selection.

[bookmark: _Toc528336679]Having learnt from the indication that another RAT is available, the UE may perform blind cell (re)selection. That is selecting another RAT without performing any measurement. The UE may try to camp on that RAT and learn the services and the quality level (RSRP/RSRQ, number of repetitions required). 

[bookmark: _Toc528336680][bookmark: _Toc528508677]The UE has the possibilty to perform blind cell (re)selection to another RAT upon learning that another RAT is available.
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[bookmark: _GoBack]In section 2 we made the following observations:
Observation 1	There can be several attributes that may impact cell selection. However, it may appear as an overkill to specify all these different attributes. Operator may combine these attributes into one single field, Priority.
Observation 2	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). Having priority may also help NB-IoT device to filter RATs if many RATs are available for cell selection.
Observation 3	The UE has the possibilty to perform blind cell (re)selection to another RAT upon learning that another RAT is available.

Based on the discussion in section 2 we propose the following:
Proposal 1	Indicate the presence of any other RAT from System Information Broadcast.
Proposal 2	UE performs cell selection according to the priority order of RATs which is configurable by the Operator.
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