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1 Introduction
New WI for further enhancements to NB-IoT [1] was approved in RAN#80. One of the objectives of the WI is to support power efficient Inter RAT cell reselection for NB-IoT to and from LTE, LTE-M and GERAN. In this discussion paper we analyse possible enhancements to improve the cell selection functionality at CIoT device capable of NB-IoT and other RATs (LTE, LTE-M and GERAN).
Following are the working agreements from RAN2-103bis meeting for this topic.

· 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

· It is up to UE implementation how and when to perform measurements for cell selection of the target RAT

In this discussion paper we further discuss the possible triggers at UE for Inter RAT cell selection and proposes to consider these scenarios as reference to analyse the need for the parameters to be included in the Inter RAT cell selection.

2 Discussion
As per the agreements of RAN2-103bis meetings, assistance information for Inter RAT cell selection should be included in NB-IoT as well as in other RATs to optimize the Inter RAT cell selection for device capable of NB-IoT and other RATs.

To further identify the information contents of the Inter-RAT cell selection assistance information and analyse the benefits of additional information contents, the scenarios for Inter RAT cell selection and the trigger for cell selection for each of these scenarios should be analysed. Following are some of the possible scenarios for Inter RAT cell selection for NB-IoT to/from other RATs.
· UE capable of NB-IoT/LTE-M. UE chooses to camp onto NB-IoT in idle mode. If the application trigger is to send or receive large amount of data (larger report /SW download), the UE will attempt to select LTE-M capable cell for this service and returns back to NB-IoT on completion of the service.

· UE is capable of LTE and NB-IoT RATs where the NB-IoT is used as a RAT for fallback RAT when the UE loses coverage of LTE. Here the fallback RAT is to maintain the connectivity for reachability for the device for some short message services /paging. In this case, the UE may need to switch back to LTE whenever LTE available, or the UE should search for LTE, whenever the application attempt for service which requires LTE services. In these scenario, the Inter RAT cell selection may be triggered even when the UE is good coverage condition on the service RAT.
· In case of NB-IoT standalone deployments on the bands where GERAN deployments already exists, NB-IoT/GERAN multimode devices will be required in these deployments to allow the UE to choose the other RAT when the coverage of one RAT is not suitable to continue the services. In these cases, the Inter RAT cell selection will be triggered towards other RAT based on coverage condition of the current RAT. In these scenarios also, UE may trigger Inter RAT cell selection when the CS services are requested by application which is not supported by another RAT.

For all the scenarios, the UE decides to start Inter RAT cell selection when the serving cell /serving RAT does not have suitable cell to camp-on or the requested service from application is not supported in the current RAT.
Proposal 1: The Inter RAT deployment scenarios and use cases relevant for Inter RAT cell selection should be considered as basis for deciding the contents of assistance information for Inter RAT cell selection.
As minimum requirement for optimized Inter RAT cell selection, the UE should know whether the cell selection for specific RAT is required at the current serving cell. If the serving cell cannot be configured with explicit list of ARFCNs of Inter RAT neighbor cells, at least indication that the serving cell have at least one Inter RAT neighbor cell for given RAT should be included so that UE can avoid blind search for specific RAT based on this information.
Proposal 2 : Inter RAT cell selection cell selection assistance information atleast should indicate whether the UE can find suitable neighbor cell for specific RAT when it attempts cell selection for the RAT from the serving cell.

In case of the Inter-RAT cell selection triggered based on service request, the UE may prefer to return to the RAT after completion of the service. For these scenarios similar to CSFB, the dedicated signaling message as part of RRC connection release of one RAT should include assistance information to return to suitable cell in the other RAT.

Observation 1 : Inclusion of Inter RAT cell selection assistance information /Redirection information in dedicated signaling will be beneficial for UE returning back after the service based cell selection to other RAT.
Based on the UE capability corresponding to Inter-RAT, the UE may prefer to camp to specific cells having the corresponding capability as part of Inter-RAT cell search. For instance, if the UE is capable of PEO operation as part of its GPRS-RAT functionality, the UE may prefer to select cell capable of PEO instead of GPRS cell without such capability as part of Inter-RAT search. If this information is not signaled in the Inter-RAT cell-list, UE may need read system information of all the potential Inter-RAT cells to find suitable cell having the corresponding capability.

Observation 2: Inclusion of Cell capability for each of the Inter-RAT cells is beneficial to improve the power efficiency of the Inter-RAT cell selection when the UE attempt to find cell with specific capability for during cell selection.
3 Summary

We analyze the possible enhancements to improve the energy efficiency associated with the Inter-RAT cell selection from and to NB-IoT and other RATs(LTE/LTE-M/GERAN). We make following observations and proposals based on the analysis.

Proposal 1: The Inter RAT deployment scenarios and use cases relevant for Inter RAT cell selection should be considered as basis for deciding the contents of assistance information for Inter RAT cell selection.
Proposal 2 : Inter RAT cell selection cell selection assistance information atleast should indicate whether the UE can find suitable neighbor cell for specific RAT when it attempts cell selection from the current cell.

Observation 1 : Inclusion of Inter RAT cell selection assistance information /Redirection information in dedicated signaling will be beneficial for UE returning back after the service based cell selection to other RAT.
Observation 2: Inclusion of Cell capability for each of the Inter-RAT cells is beneficial to improve the power efficiency of the Inter-RAT cell selection when the UE attempt to find cell with specific capability for during cell selection.
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