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1. Introduction
A new work item on “Enhancements of NB-IoT” was approved at RAN#71 meeting [1] with the following targets related to UTDOA.
Specify the following features for enhancement of NB-IoT to achieve even lower device power consumption, while maintaining the coverage and capacity of the NB-IoT network, and ultra-low UE cost. The objectives apply to the in-band, guard-band, and standalone operation modes and the same coverage enhancement targets as defined in the Rel-13 NB-IoT work item.
Support of UTDOA or OTDOA:
1. Study accuracy, UE complexity, UE power consumption for both UTDOA and OTDOA using NB-IoT and provide recommendation to RAN#73 on which one solution to adopt [RAN1]  
0. 3GPP network operators are invited to provide inputs to RAN1#86 on their positioning requirements. Companies are encouraged to include both methods in their evaluations.
1. Based on the study make a choice (either uplink positioning or OTDOA) during RAN#73

In this contribution, we share our view regarding the UTDOA positioning in NB-IoT.
2. UTDOA
UTDOA is the network-based location technology based on the uplink sounding reference signal (SRS) and location measurement unit (LMU). LMU receives the positioning request of the target UE and SRS configuration from the location server (e.g. E-SMLC) and then measures corresponding uplink relative time of arrival (UL RTOA). The measured UL RTOA will be reported to the location server for the purpose of final UTDOA positioning. Such an additional hardware requirement for the LMU obviously increases the network CAPEX/OPEX. 
The main purpose of SRS is for uplink channel estimation in the existing LTE/LTE-A network. NB-IoT does not support the feature of uplink channel estimation. Therefore NB-IoT has no corresponding uplink reference signal. In our understanding, the alternative uplink reference signal for UL RTOA measurement in UTDOA could be NPRACH, which is a periodic reference signal and supports frequency hopping within one narrowband (180kHz). As the analysis in [2] and [3], it is not easy for UTDOA to achieve an acceptable positioning accuracy (for example 50m) with 180kHz transmission bandwidth at the most (15 kHz or even 3.75 kHz for a single mode UE). Additionally, the density of connected NB-IoT UEs may not be uniform, leading to some cells having very high numbers of connected NB-IoT UE [4]. This means that UTDOA positioning in NB-IoT needs to handle simultaneous positioning services for massive NB-IoT UEs and meanwhile guarantee enough hearability of uplink reference signal for ToA measurement. It will be a big challenge for the reference signal design and corresponding ToA measurement. Moreover the lower transmission power at the UE side will further impact the ToA estimation at the UE side due to the multipath transmission and building penetration loss, especially in urban scenarios.  
Observation 1: NPRACH could be a candidate as the uplink reference signal for UTDOA positioning. However it is not easy for UTDOA to get enough positioning accuracy (for example 50m) with 180kHz transmission bandwidth at the most (15 kHz or even 3.75 kHz for a single mode UE).
Observation 2: It will be a big challenge for the reference signal design and corresponding ToA measurement in UTDOA due to possible simultaneous positioning services for massive NB-IoT UEs.
Based upon the above observations and given [2] and [3] conclusions it is therefore proposed to use the OTDOA technology for the NB-IoT positioning Rel-14 feature.
Proposal 1: To use the OTDOA technology for the NB-IoT positioning Rel-14 feature.
3 Conclusions
In this contribution, we give our views on UTDOA positioning with the following observations and proposal:
Observation 1: NPRACH could be a candidate as the uplink reference signal for UTDOA positioning.  However it is not easy for UTDOA to get enough positioning accuracy (for example 50m) with 180kHz transmission bandwidth at the most (15 kHz or even 3.75 kHz for a single mode UE).
Observation 2: It will be a big challenge for the reference signal design and corresponding ToA measurement in UTDOA due to possible simultaneous positioning services for massive NB-IoT UEs.
Proposal 1: To use the OTDOA technology for the NB-IoT positioning Rel-14 feature.
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