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Discussion and Decision
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 analyze possible enhancements to improve the cell selection functionality at CIoT device capable of NB-IoT and other RATs (LTE, LTE-M and GERAN).
2 Discussion
As per current NB-IoT specifications, whenever the UE capable of NB-IoT and LTE-M/GPRS decides to switch to NB-IoT or LTE-M RAT, the UE needs to trigger the cell selection procedure by completely scanning the frequency band associated with the other RAT to find suitable Inter-RAT cell to camp on. Even though it is UE’s internal decision on when to trigger the cell selection on other RATs, one of the important scenarios for such Inter-RAT cell reselection is UE moving out of NB-IoT coverage and UE triggers Inter-RAT cell selection based on this trigger. In this scenario, the UE is not aware of any information on the potential Inter-RAT cells, and the UE will have to scan the whole frequency band for cell selection. This will lead to significant additional energy consumption. Another issue associated with blind Inter RAT cell search is that the UE may end up in not finding any Inter-RAT cells if the UE attempts to trigger the cell search at location where no Inter RAT neighbor cells are present.

The blind Inter RAT cell search by NB-IoT UE can be further optimized if the NB-IoT serving cell can provide assistance information about the Inter RAT neighbor-cells. The list should contain information about the ARFCN and some information which is required for network synchronisation towards the cell. In case of LTE/LTE-M the list may contain the PCI value along with ARFCN. In case of GPRS, the list may contain the BSIC value associated with the ARFCN.
Observatation 1: Signaling of different Inter RAT cell lists with each list containing the information to synchronise to the corresponding cell from NB-IoT serving cell will improve the energy efficiency of cell selection as the UE knows the list of frequency to search for and also additional information related to network synchronisation.
When UE selects Inter-RAT cell (LTE, LTE-M or GERAN) from NB-IoT and later decides to return back to NB-IoT, the UE needs to trigger cell search in the whole band for NB-IoT cells. This search can be avoided if there is no change in the serving cell in current RAT as the UE can search for the last camping/connected NB-IoT cell in this case. In case if the UE moves to another cell within other RAT, return to NB-IoT will require complete cell search. To reduce the power consumption associated with this cell search, the NB-IoT cell specific information can be included in the broadcast information on other RATs.
Observatation 2: Information related to candidate NB-IoT PCI and ARFCN information needs to be broadcasted in LTE, LTE-M and GERAN to reduce the energy consumption associated with return to NB-IoT from other RATs.
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 3: 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.
Based on the above observations, we propose the following:
Proposal 1: The serving NB-IoT cell may indicate the potential Inter-RAT neighbor cell information for LTE/LTE-M/GERAN as part of higher layer signaling. The signaling mechanism to convey the Inter-RAT neighbor cells is FFS.

Proposal 2: The serving LTE/LTE-M/GERAN cell may indicate the potential NB-IoT neighbor cell information for Inter RAT cell selection to NB-IoT. The signaling mechanism to convey the Inter-RAT neighbor cells is FFS.
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.

Observatation 1: Signaling of different Inter RAT cell lists with each list containing the information to synchronise to the corresponding cell from NB-IoT serving cell will improve the power efficiency of cell selection by informing the UE about the potential Inter RAT cells to search for.
Observatation 2: Information related to candidate NB-IoT PCI and ARFCN information needs to be broadcasted in LTE, LTE-M and GERAN to reduce the energy consumption associated with return to NB-IoT from other RATs.
Observation 3: 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.
Proposal 1: The serving NB-IoT cell may indicate the potential Inter-RAT neighbor cell information for LTE/LTE-M/GERAN as part of higher layer signaling. The signaling mechanism to convey the Inter-RAT neighbor cells is FFS.

Proposal 2: The serving LTE/LTE-M/GERAN cell may indicate the potential NB-IoT neighbor cell information for Inter RAT cell selection to NB-IoT. The signaling mechanism to convey the Inter-RAT neighbor cells is FFS.  
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