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1 Introduction

A new study item on “Study on NR positioning support” was approved in RAN#80 [1]. As mentioned in [1], the objective of this study item is to evaluate potential solutions to address NR positioning requirements as defined in TR 38.913, TS 22.261, TR 22.872 and TR 22.804 while considering E911 requirements by analysing positioning accuracy (including latitude, longitude and altitude), availability, reliability, latency, network synchronization requirements and/or UE/gNB complexity to perform positioning, and taking into account a preference to maximize synergy where possible with existing positioning support for E-UTRAN. The purpose of NR positioning study in RAN1 is to identify the basic requirements for a variety of use cases and applicable scenarios and provide quantitative analyses and conclusions based on link/system level simulations, on the feasibility of potential positioning techniques. The following agreements were made in RAN1#94b [2]:

Agreement:
· Regulatory requirements are considered as a minimum performance targets for NR Positioning studies

· Additional requirements based on commercial use cases can be used as input performance targets that are subject to further analysis in terms of performance / complexity tradeoffs in different evaluation scenarios

Agreement:
· For regulatory use cases, the following requirements are considered as a minimum performance targets for NR positioning

· Horizontal positioning error <= 50m for 80% of UEs

· Vertical positioning error [<5 m] for [80%] of UEs

· Note: The regulatory requirements refer to floor level vertical accuracy

· End to end latency and TTFF < 30 seconds

· As a starting point for commercial use cases, the following requirements are considered as performance targets for RAT dependent solutions, which are subject to further analysis in terms of performance / complexity tradeoffs of NR positioning radio-layer solutions

· Horizontal positioning error < [3]m for [80]% of UEs in indoor deployment scenarios

· Horizontal positioning error < [10]m for [80]% of UEs in outdoor deployments scenarios

· Vertical positioning error < [3]m for [80]% of UEs in indoor deployment scenarios

· Vertical positioning error < [3]m for [80]% of UEs in outdoor deployment scenarios

· End to end latency < [1]s

· Note: This does not eliminate more or less demanding commercial use cases.

Agreement:
· At least CDFs of horizontal and vertical (vertical error not necessarily applicable to all solutions and/or scenarios) positioning errors are used as a performance metrics in NR positioning evaluations

· At least the following percentiles of positioning error are analyzed 50%, 67%, 80%, 90%

· Physical layer latency, UE power consumption, scalability/capacity, network deployment complexity, availability, UE and gNB complexity can be considered as important design factors for NR positioning solutions and can be evaluated analytically for proposed solutions

In this contribution, we discuss the major use cases and present our views on the requirements of NR positioning.
2 NR Positioning Requirements
In this section, we discuss the remaining NR positioning requirements for two perspectives: general requirements for NR positioning study and specific technical requirements that NR positioning should achieve, i.e., KPIs.
2.1 General Use Case and Requirements for NR Positioning Study
Some general requirements have been identified in [1]. Basically, NR should support RAT-dependent (Cell-ID, E-Cell ID, OTDOA, UTDOA, etc.), RAT-independent (GNSS, Bluetooth, WLAN, Terrestrial Beacon Systems (TBS), sensors, etc.) and hybrid positioning techniques. The state-of-art positioning techniques supported by LTE (Cell-ID, E-Cell ID, OTDOA, UTDOA) should at least be supported by NR and thus can serve as a starting point in NR positioning. The features distinguishing NR from previous generation of cellular networks such as high bandwidth and massive antenna should be explored and the highly densified cell deployment as well as the deployment of massive number of devices should be taken into account. NR should support operating bands for both FR1 and FR2 at least for RAT-dependent (NR-based) positioning and for hybrid of RAT-dependent and RAT-independent positioning. Considering the proliferation of embedded functionality for positioning to smartphones/mobile devices, the hybrid positioning techniques, e.g., RAT-independent positioning techniques being used to facilitate and/or improve the performance of RAT-dependent positioning techniques, should also be prioritized. 
It has been agreed that both regulatory and commercial use cases should be supported and the corresponding requirements should be satisfied accordingly. As mentioned in [3], the demand for the fast growing positioning services is primarily driven by two major use cases: emergency services and commercial applications. For emergency services, the most significant driver is the FCC’s E911 mandate in the US, which requires location (with certain accuracy limits) of emergency callers to be provided. A wide variety of commercial applications, such as maps and location based advertising, also need fast and accurate positioning performance. Seven major use case categories have been identified in [3] as follows:

· LBS-related use cases: this category includes two outdoor use cases, i.e., bike sharing and augmented reality and three outdoor/indoor use cases, i.e., wearable devices, advertisement push and flow management;

· Industry and eHealth related use cases: this category includes one outdoor use case, i.e., waste management and three outdoor/indoor use cases, i.e., person and medical equipment location, patient location, and trolley location;

· Emergency and Mission Critical related use cases: this category includes four outdoor/indoor use cases, i.e., emergency call, accurate positioning for first responders, altering nearby emergency responders and emergency equipment location;

· Road related use cases: this category includes two outdoor use cases, i.e., traffic monitoring & control and road user charging, where the latter use case should also consider the situation that the road users are in the tunnels;

· Rail and Maritime related use cases: this category include one outdoor use case, i.e., asset and freight tracking;

· Aerial-related use cases: this category includes two outdoor use cases, i.e., UAV data analysis and UAV remote control;

· Other use cases: this category includes two outdoor/indoor use cases, i.e., multiple different location services and location method negotiation.
Clearly, there is a need for down selection when choosing commercial use cases to be considered in this SID for additional requirements. The first three major use case categories should be taken into consideration when defining the scenarios and requirements of NR positioning. It is also clear that the high speed UEs is in the scope of NR positioning study without considering sidelink positioning so that the road and rail related use cases should also be studied. However, the maritime and aerial related use cases are not in the scope of NR positioning study. The last major use case category seems not an independent use case and thus can be covered in the study of other major use case categories. 
Proposal 1: The additional requirements based on LBS-related use cases, industry and eHealth related use cases, emergency and mission critical related use cases, road related use cases and rail related use cases identified in [2] can be taken into consideration.

2.2 Requirements for Commercial Use Cases
In this section, we discuss the requirements for commercial use cases that need to be considered in NR positioning evaluation and study.

As mentioned in [1] and [3], KPIs including positioning accuracy (including latitude, longitude and altitude), availability, reliability, latency, network synchronization requirements and/or UE/gNB complexity to perform positioning should be considered in NR positioning. These KPIs are defined in [3] as follows.

· Positioning accuracy (including horizontal and vertical): describes the closeness of the measured position of the UE to its true position value;
· Availability: percentage of time when a positioning system is able to provide the required position-related data within the performance targets or requirements;
· Reliability: measure of the ability of a positioning system to provide the position-related data under stated conditions for a specified period;

· Latency: time between the event that triggers the determination of the position-related data and the availability of the position-related data at the positioning system interface and radio layer level latency is considered rather than end-to-end latency;
· Time To First Fix (TTFF): time between the event triggering for the first time the determination of the position-related data and the availability of the position-related data at the positioning system interface. 
· Network synchronization requirements: the clock synchronization between different gNBs;
· UE/gNB complexity: UE/gNB positioning algorithm complexity, signalling complexity and hardware complexity.
For positioning accuracy, it has been agreed that positioning service level 1 and 2 will be at least supported and it can be easily evaluated by system and link level simulations. Additional requirements including physical layer latency, UE power consumption, scalability/capacity, network deployment complexity, availability, UE and gNB complexity are also agreed to be analysed [2]. Some of these requirements are correlated to each other. For example, Physical layer latency is relevant to the periodicity of positioning occasion as well as the positioning algorithm complexity. If network-based positioning solutions are considered, the feedback of measurement information is also a crucial factor affecting the latency since the more measurement information feedback is needed, the larger the latency. Scalability/capacity plays a more important role for uplink positioning solutions, e.g., UTDOA, since the uplink interference between UEs will significantly jeopardize the hearability. 
3 Conclusions 

In this contribution, we present our views on the remaining issues for the requirements of NR positioning evaluation and study. Our observations and proposals are summarized below.

Proposal 1: The additional requirements based on LBS-related use cases, industry and eHealth related use cases, emergency and mission critical related use cases, road related use cases and rail related use cases identified in [2] can be taken into consideration.
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