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1. Introduction & Background
In RAN#72, a new Work Item “Enhancements of NB-IoT” was approved [1], which aims to specify enhancements for NB-IoT to extends it to support some further features familiar from LTE, such as narrowband support for positioning. These enhancements will be designed so as to maintain the ultra-low cost and complexity of the Rel-13 NB-IoT UE where appropriate, as well as the coverage and capacity of the NB-IoT network.
According to [1], part of the objectives of this WI consists of:
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In this contribution, we will share our views on NB-IoT positioning.
2. Discussion
2.1. Typical Use Case and Requirements
From our perspective, logistics tracking、wearables、animal husbandry & fishery are the most typical IoT use cases which require positioning service.
Logistics tracking, which includes logistics and tracking, is an enormous market. According to SNS research, there will be 173 million of logistics tracking connections till 2020, and the revenue brought by these connections will account for about 30% of total LPWA revenue. In this scenario, the goods move at high speed, e.g. 120km/h, which needs a quick response (e.g. 1~2s) when the positioning command is triggered. In general logistics services requires outdoor positioning capability under high mobility.

Asset tracking and personnel management is also an important part for smart building or smart city implementation.  For example, visitor management for enterprises may have a good market. The visitor management system should know exactly in which floor the visitor is. This requires that the indoor positioning ability in both horizontal and vertical dimensions.
In the field of wearable, such as kids tracker, blood pressure monitor, step counter bracelet and so on, demand for positioning is tremendous. According to [2], there will be 185 million of wearable connections till 2020, and the revenue brought by these connections will account for about 21% of total LPWA revenue. In this market, both indoor and outdoor positioning ability are required.
Animal husbandry & fishery, which need wide area coverage, is also an important use case for NB-IoT network operators. According to [2], there will be 41 million of logistics tracking connections till 2020, and the revenue brought by these connections will account for about 5% of total LPWA revenue. In this scenarios, the target is static or at low speed, e.g. less than 30km/h, but might be in poor coverage.
Proposal 1:  Both outdoor and indoor positioning should be considered. 

Proposal 2: Outdoor positioning needs to support high mobility (e.g.120 km/h).

Proposal 3: The positioning accuracy requirement for outdoor is about 50 m.

Proposal 4: The positioning accuracy requirement for indoor is about 10 m in horizontal and 3 m in vertical.
2.2. UTDoA or OTDoA
A lot of specification work has been done for UTDOA and OTDOA in LTE. In this section, we’ll discuss the pros and cons of each technique when it is used in NB-IoT network.
Observed Time Difference of Arrival (OTDOA) is a downlink positioning method in LTE R9. It is a method in which the UE measures the time of arrival (TOA) of signals received from multiple eNBs. The biggest advantage of OTDOA is minimum the interference between the positioning RS and data. In Release 9, PRS is introduced and a positioning subframe is defined where only PRS can be transmitted while no PDSCH is allowed to be transmitted. If the network is synchronous, the positioning RS will not be interfered by data. This increases the positioning accuracy dramatically. The biggest disadvantage of OTDOA is increasing UE complexity. UE has to do large amount of calculation, which will increasing UE complexity/cost.
Besides OTDOA, UTDOA can be used with the uplink signal in LTE and hence is called UTDOA. In the uplink case, the Sounding Reference Signal (SRS) is transmitted by the UE, while the eNBs receive the SRS and processing is done by the Location Measurement Unit (LMU). The biggest advantage of UTDOA is almost no impact on UE implementation. NB-IoT UE could still maintain ultra-low cost and complexity as Rel-13. The biggest disadvantage of UTDOA is limitation of orthogonal resource for SRS. When a large number of users launch positioning request at the same time, limitation of orthogonal resource for positioning RS (e.g. SRS) will make the positioning RS suffers multi-user interference and decrease the positioning accuracy.
Based on the above analysis, OTDOA and UTDOA have their own pros and cons. The influence of these two technologies on NB-IoT network and UE should be investigated intensively, e.g. UE complexity, battery life, number of connections etc.
Proposal 5: Further quantify pros and cons of OTDOA and UTDOA, including at least positioning accuracy, maximum number of connections, UE complexity and network cost.
3. Conclusions
In this contribution, we share our views on NB-IoT positioning. Our proposals are as follows:
Proposal 1:  Both outdoor and indoor positioning should be considered. 10 dB coverage improvements should be kept for both outdoor and indoor positioning. 

Proposal 2: Outdoor positioning needs to support high mobility (e.g.120 km/h).

Proposal 3: The positioning accuracy requirement for outdoor is about 50 m;

Proposal 4: The positioning accuracy requirement for indoor is about 10 m in horizontal and 3 m in vertical.

Proposal 5: Further quantify pros and cons of OTDOA and UTDOA, including at least positioning accuracy, maximum number of connections, UE complexity and network cost.
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Positioning:


Support of UTDOA or OTDOA:


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]  


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.


Based on the study make a choice (either uplink positioning or OTDOA) during RAN#73
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