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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

During the RAN2#104 meeting, RAN2 had online discussion about R-16 NB-IoT inter-RAT cell selection. RAN2 made the following agreements (mainly about assistance information).

	· NB-IoT network may indicate frequency identifiers of neighbouring eMTC/LTE/GERAN carriers to assist inter-RAT selection.

· eMTC/LTE network may indicate frequency identifiers of neighbouring NB-IoT carriers to assist inter-RAT selection.

· Indicate whether each LTE neighbour frequency supports eMTC/LTE/both 

· Indicate whether each GERAN neighbour frequency supports EC-GSM/PEO 


Following are RAN2#105 Agreeements
	RAN2#105 agreements:
· Priorities of eMTC/LTE/GERAN frequencies are not provided by NB-IoT network as assistance information for inter-RAT cell selection.
· Priorities of NB-IoT frequencies are not provided by eMTC/LTE network as assistance information for inter-RAT cell selection.
· Suitability criteria of eMTC/LTE/GERAN frequencies are not provided by NB-IoT network as assistance information for inter-RAT cell selection.
· Suitability criteria of NB-IoT frequencies are not provided by eMTC/LTE network as assistance information for inter-RAT cell selection.



We further analyse the need for inclusion of additional parameters to improve the IRAT cell selection for various scenarios relevant for IRAT cell selection. This document is resubmission of R2-1903389 submitted for RAN2#105bis. 
2 Discussion
The multi RAT devices with CIoT as one of the RAT are required for the following scenarios.
· Smartphone with LTE as primary RAT may also support NB-IoT or LTE-M as additional RAT. In these devices the Inter RAT cell selection from LTE is mainly triggered when the UE loses the LTE coverage. The Inter RAT cell selection from NB-IoT to LTE is started when the UE wants to make voice-calls or services which are applicable for LTE only.

· Multi-mode CIoT devices LTE-M/NB-IoT. These devices choose either LTE-M or NB-IoT as their serving RAT based on the type of service the device wants. In idle mode the UE may camp onto NB-IoT for small packet transmissions and may switch to LTE-M if it needs to send larger report.

Observation 1: Coverage based triggering of IRAT cell selection and service-based triggering of IRAT cell selection are the main scenarios for analysis of IRAT cell selection assistance information.

Service based Inter RAT cell selection may be started at any time when the UE is camped onto the serving cell. If the ENB knows the Inter RAT neighbours are only available in the cell edges, ENB can optionaly include additional information on serving cell threshold where the Inter-RAT neighbours are visible. This information is different from the existing S-Intra-search /S-Inter-search thresholds where the UE need to start neighbor cell measurements when the serving cell signal level is below these thresholds. The Serving-cell signal level for Inter-RAT visibility against different frequencies may be beneficial to priortise the cells which can be detected with higher probability for service-based cell selection.

For example, The LTE ARFCN and PCI which is co-located with the NB-IoT inband cell can be indicated with very high threshold of serving cell level so that UE will prioritize this LTE ARFCN during IRAT cell selection. 

Proposal 1: IRAT Assistance information can also include serving cell signal level above which certain IRAT cells will be visible to improve the service based IRAT cell selection depending on radio condition within serving cell.

With new features supported in Rel-14/Rel-15 related energy efficiency such as Wake-up Signal and support for EDT transmissions, including these capabilities of the cells as part of IRAT cell selection information will be beneficial. With inclusion of such information, the UE can avoid reading the system information to know the status of these key features and selects suitable cell in CIoT RAT. ENB can provide additional information via dedicated signaling instead of including this information in the system information against all the cells of IRAT assistance information.
Proposal 2: Dedicated Signaling should be considered for informing additional IRAT assistance information regarding the support level for important energy efficient features such as wake-up signal and Early data transmission.
For NB-IoT Inband deployments, the ARFCN corresponds to the inband LTE carrier can be conveyed as relative information based on the NB-IoT anchor carrier to reduce the number of bits needed to convey the inband LTE ARFCN. In the same way, the NB-IoT carrier information for inband deployments can be provided as PRB position within the LTE ARFCN instead of explicit signaling.

Proposal 3: IRAT Assistance information for LTE Inband deployment should consider optimised signaling of the carrier information based on relative positions of the carriers instead of actual ARFCN values.
3 Summary

In this discussion paper we analyse the scenarios related to IRAT cell selection and the need for including some specific information to the IRAT cell selection assistance information. We make the following assumptions and proposals based on the analysis.
Observation 1: Coverage based triggering of IRAT cell selection and service-based triggering of IRAT cell selection are the main scenarios for analysis of IRAT cell selection assistance information.
Proposal 1: IRAT Assistance information can also include serving cell signal level above which certain IRAT cells will be visible to improve the service based IRAT cell selection depending on radio condition within serving cell.
Proposal 2: Dedicated Signaling should be considered for informing additional IRAT assistance information regarding the support level for important energy efficient features such as wake-up signal and Early data transmission.
Proposal 3: IRAT Assistance information for LTE Inband deployment should consider optimised signaling of the carrier information based on relative positions of the carriers instead of actual ARFCN values.
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