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1. Introduction

In Release 13, two classes of low-cost IoT devices with enhanced coverage and long battery life are specified: eMTC devices and NB-IoT devices. Specifically for NB-IoT, the bandwidth is limited to only 180 kHz or 1 LTE PRB. 

UE positioning and tracking are important in many IoT applications. The existing LTE positioning has not been designed for IoT devices that operated in narrow bandwidth. GNSS-based positioning, as a widely used positioning method, is not always appropriate for many IoT applications particularly for indoor scenarios. Additionally, the narrow UE bandwidth poses challenges for the positioning accuracy when using the existing 3GPP positioning functionalities defined for normal UEs. 
A new WI on the enhancements of NB-IoT has recently been approved [1]. One of the new NB-IoT features is the support of UTDOA or OTDOA positioning which can offer better positioning accuracy than the enhanced cell ID (E-CID) method. 
In this document, we provide our view on the considerations on supporting UTDOA or OTDOA positioning for NB-IoT systems.
2. Discussion
Positioning in LTE has been defined since LTE rel.9 and it includes the LTE positioning protocol (LPP) which defines the protocol of point to point communication between the Location Server (LS) and the User Equipment (UE). The LPP configuration is illustrated in Figure 1 below [3]. 
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Figure 1: LPP configuration in E-UTRAN

The reference signals can be from many sources such as satellites (GNSS), and eNodeBs. The LS can provide assistance data to the UE, such as the list of neighbour eNBs and their positioning related configurations. The UE performs positioning measurements, such as reference signal time difference (RSTD) and reports them to the LS. Based on the received measurement results, LS can perform the positioning calculation.
OTDOA and UTDOA are the two common existing positioning techniques in LTE. The positioning measurement in OTDOA relies on the downlink positioning reference signal (PRS) sent by the eNBs. In UTDOA, it relies on the uplink sounding reference signal (SRS) sent by the UE. In the current LTE positioning techniques, the reference signals in both OTDOA and UTDOA utilize transmission in a wide bandwidth. The PRS signal can be transmitted using the whole channel bandwidth.
MTC and NB-IoT devices can only use limited bandwidths, 6 RBs (1.4 MHz) and 1 RB (180 KHz), respectively. This limited operating bandwidth will significantly affect the OTDOA or UTDOA positioning accuracy. Other MTC and NB-IoT device characteristics are that they are targeted as low cost devices with low power consumption. In some scenarios, these devices are designed to support 10 years battery life. Thus, we should avoid high implementation complexity and high power consumption for positioning purposes. In a network where MTC and NB-IoT devices are supported, the presence of a massive number of devices can be expected. A huge number of reference signals for positioning purposes should be avoided so that more resources can be utilized for data transmission. Also note, MTC and NB-IoT may require repetition of reference signals to address the coverage enhancement features (e.g. the UE in the basement, etc).
Observation 1: The design of NB-IoT positioning techniques should consider the target positioning accuracy, UE complexity and power consumption, and network resource utilization for the deployment of massive numbers of NB-IoT devices. 
In OTDOA, eNBs transmit PRS with a certain duration and periodicity regardless of the number of devices in the network. In legacy LTE, the number of consecutive downlink subframes N_PRS with PRS can be within 1 to 6 subframes. The PRS transmission periodicity (T_PRS) can be from 160 to 1280 subframes. With these PRS configurations, the UE positioning measurement (i.e. RSTD measurement) computation load can be relatively small even with the smallest T_PRS. Then, the UE is required to transmit the RSTD measurements result to the location server. The transmission of PRS is broadcast in nature and hence it is scalable to large number of NB-IoT UEs within the cell.
In UTDOA, multiple location measurement units (LMU) / eNBs are expected to receive the SRS sent by the UE. The LMU/eNB performs positioning measurements and sends the result to the LS for the positioning calculation. Thus, the positioning measurement in the UE does not exist in UTDOA. However, the UE is expected to transmit SRS. SRS transmission consumes relatively high power which can easily drain the battery. Moreover, in a scenario where many NB-IoT UEs are deployed in a network, many UEs can transmit SRS and thus, reduce the resources for data transmission.

Note: SRS with both periodic and aperiodic transmission are only applicable to eMTC in CE Mode A only whereas SRS does not apply to the NB-IoT rel.13. Thus, the deployment of UTDOA for NB-IoT requires a completely new reference signal (e.g SRS for NB-IoT or any other new signal).
Based on the above analysis and pros/cons, we consider OTDOA as the preferred positioning technique for NB-IoT over UTDOA.

Proposal 1: OTDOA is the preferred technique for NB-IoT positioning over UTDOA

The existing legacy LTE positioning reference signals (PRS) may not be suitable for NB-IoT as PRS is designed to support a wider bandwidth. Using the existing PRS signal can result in a very inaccurate positioning as the NB-IoT device is only capable of receiving the signal with a 180 KHz bandwidth. 
We expect that modification of existing PRS signals or introduction of new positioning reference signals suitable for NB-IoT (i.e. small bandwidth operation) will be required in order to provide good positioning accuracy. The new PRS signal structure may include new features such as higher density PRS but lower number of eNB per subframe, PRS power boosting, extension of the duration of PRS transmission, and frequency hopping operation between groups of PRS with certain hopping distances.
Proposal 2: Consider the introduction of new reference signals for positioning that are suitable for NB-IoT in order to provide good positioning accuracy.
3. Conclusion 
In this contribution we discussed the positioning techniques suitable for NB-IoT and made the following observation and proposals:

Observation 1: The design of NB-IoT positioning techniques should consider the target positioning accuracy, UE complexity and power consumption, and network resource utilization for the deployment of massive numbers of NB-IoT devices. 

Proposal 1: OTDOA is the preferred technique for NB-IoT positioning over UTDOA

Proposal 2: Consider the introduction of new reference signals for positioning that are suitable for NB-IoT in order to provide good positioning accuracy.
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