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1 Introduction
At last NB-IoT adhoc meeting positioning requirement has been raised by several companies. In this paper, the candidate solutions to support NB-IoT positioning for Release 13 have been further discussed.
2 Discussion

Positioning mechanisms were specified in 3GPP as a key feature for E-UTRA networks since Release-9, for example, A-GPS, CID, E-CID, OTDOA, UTDOA. It is worth considering the impact on NB-IoT by applying these solutions.
2.1 A-GPS

The assistance GPS positioning method uses commercial GNSS module to provide location of UE. The network provides assistance data, e.g. ephemeris information of satellites to increase the speed and accuracy of GNSS positioning. Additional cost and power consumption are expected by introducing extra GNSS module at the UE side. 

The GNSS module could be used for NB-IoT positioning without specification change. Current TS36.355 LPP could be reused to transfer assistance data and collect measurement results for GNSS. Considering the power saving and low cost features of NB-IoT UE, it is not recommended to introduce A-GPS like positioning methods.
2.2 OTDOA and UTDOA

Currently OTDOA/UTDOA is not supported for NB-IoT, since OTDOA and UTDOA are based on PRS and SRS respectively, which have not been addressed in NB-IoT. Substantial works, e.g. physical layer designing, signaling, measurement requirement and test cases, are needed for introducing OTDOA/UTDOA to NB-IoT. Due to the time urgency of Release 13 NB-IoT, it is recommended to introduce OTDOA/UTDOA in Release 14 for further study.
2.3 CID and ECID

· Cell ID 

The CID positioning reveals UE location within eNB sites. Considering tradition hexagonal grid with 3 sectors per site and 500 meter inter site distance (ISD), the positioning accuracy for CID is thus within 500 meters. 

The Cell ID (CID) positioning method specification impact and UE modifications. Considering the timeline for Rel-13 completion, it is recommended that NB-IoT could introduce CID positioning in Release 13. For more accurate positioning, further enhancements in Rel-14 can be considered.

Proposal 1: It is proposed to agree the CID solution for NB-IoT positioning in Release 13.

· eNB side AoA+TA E-CID
eNB based E-CID could be introduced to mitigate the UE complexity and power consumption and further improve positioning accuracy. As shown in Figure 1, eNB could use Angle of arrival (AoA) and time advance (TA) of NB-IoT UE signals to determine the exact location of UE. This method benefits from few specification impact and UE modifications. Therefore, it is recommended to introduce eNB side AoA+TA E-CID in Release 13.
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Figure 1. E-CID positioning principle with TA and AOA measurements

Proposal 2: It is proposed to agree the eNB side AoA+TA E-CID solution for NB-IoT positioning in Release 13.

· RSRP/RSRQ  E-CID

The enhanced CID (E-CID) positioning technologies were first introduced in Release-9. It uses UE side measurement and/or eNB side measurement to further increase positioning accuracy from Cell ID. The RSRP/RSRQ based E-CID uses serving cell and neighbor cells RSRP/RSRQ measurement in the measurement report to decide the pseudo distances between eNBs and UE.

In RAN2#92bis meeting, it is decided that NB-IoT will not send measurement report. Therefore currently NB-IoT could not use this type of E-CID. 

The positioning performances depends on RSRP/RSRQ measurement accuracy and number of the cells UE could measure. Due to the low cost feature, narrow bandwidth, power saving and deployment scenarios, the NB-IoT UE could less capable to achieve the aforementioned performances. Therefore, the accuracy by using measurement reporting is questionable and is not recommended to introduce E-CID RSRP/RSRQ measurement in Release 13.
3 Conclusion
In this paper, we discuss possible solutions of NB-IOT positioning in Release 13.

Proposal 1: It is proposed to agree the CID solution for NB-IoT positioning in Release 13.

Proposal 2: It is proposed to agree the eNB side AoA+TA E-CID solution for NB-IoT positioning in Release 13.
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