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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope
This technical report relates to a study on positioning use cases for both outdoor and indoor environments. It analyses positioning use cases and complements existing work on 5G use cases involving positioning needs in order to identify potential requirements for 5G positioning services.

This document also identifies new use cases, their scope and environment of use along with the related KPIs. For use cases already addressed (fully or partially) in other 3GPP studies, it consolidates and validates the KPI and assumptions.

The document further develops the identified use cases by providing some considerations on the suitability of positioning technologies to these use cases. These considerations support the identification of potential requirements that can be achieved with 3GPP positioning technologies or with a combination of 3GPP and non-3GPP positioning technologies. The use cases and performance targets are independent of specific solutions even though, in order to support these considerations, the report provides some illustrative allocation between existing positioning technologies and 3GPP new positioning technologies (e.g. NR-based).


2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

Editor’s Note: references to be completed
3
Definitions, symbols and abbreviations
Editor’s Note: definitions, symbols and abbreviations will be provided once a more stable version of the report is available
3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
3.2
Symbols

For the purposes of the present document, the following symbols apply:

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

4 Overview

Clause 5 describes the positioning use cases, categorized by verticals, as follows:

-
Regulatory (e.g. emergency call, LI)

-
Mission Critical

-
Location-Based Services (e.g. LCS, gaming, social networking, position-enabled advertisement) 

-
Industry (e.g. automation, asset management and tracking in industry, device telemetry – metering)

-
Road (e.g. vehicle environment, road-user charging) 

-
Railway 

-
Maritime

-
Aerials (e.g. UAV/UAS)

-
Others

A synthesis of all the use cases requirements is provided in Clause 6 summarising targets for positioning services along with a grouping of some use cases, when this grouping is possible and relevant.

Clause 7 develops some considerations on the suitability of positioning technologies for the identified use cases, considering both 3GPP and non-3GPP positioning technologies. The related mapping builds on a background material to reveal the use cases that can be covered by existing technologies (standalone or combined) and the use cases for which 3GPP new positioning technologies (e.g. NR-enabled) are needed to cope with the shortcomings of existing technologies. 

Clause 8 identifies initial potential requirements for 5G positioning services based on the considerations developed in Clause 7.
5 Use cases
Editor’s note: sub-clauses 5.2 and onward describe the use case categories as listed in sub-clause 5.1. For each use case in these categories, the description shall follow the SA1 template (Description, Pre-conditions, Service flows, Post-conditions, Potential impacts or interaction with existing services/features, Potential requirements).
5.1 Foreword
5.1.1 Key Performance Indicators and Key attributes for positioning use cases

The following Key Performance Indicators (KPIs) apply to the definition of the use-cases positioning requirements: 

-
Position accuracy: describes the closeness of the measured position of the UE to its true position value. The accuracy can describe the accuracy either of an absolute position or of a relative position. It can be further derived into a horizontal position accuracy – referring to the position error in a 2D reference or horizontal plane, and into a vertical position accuracy – referring to the position error on the vertical axis or altitude.

-
Speed accuracy: describes the closeness of the measured magnitude of the UE’s velocity to the true magnitude of the UE’s velocity.

-
Bearing accuracy: describes the closeness of the measured bearing of the UE to its true bearing. Both the measured and the true bearing are defined in a common base coordinate system, using yaw-pitch-roll as for aircraft principal axes. For a moving UE, the bearing is a measure of the velocity’s direction and this KPI can be combined with speed accuracy into the velocity’s accuracy.

-
Timestamp accuracy: the position-related data (e.g. position, velocity) are usually associated to a timestamp, marking the time when the position-related data has been determined. The timestamp accuracy describes the closeness of the timestamp value  to the true instant when the related data  was computed.

-
Availability: percentage of time when a positioning system is able to provide the required position-related data within the performance targets or requirements.

-
Latency: time elapsed 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. At initialisation of the positioning system, the latency is also defined as the Time to First Fix.

-
Time to First Fix (TTFF): time elapsed 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. TTTF is greater or equal to Latency.

-
Update rate: rate at which the position-related data is generated by the positioning system. It is the inverse of the time elapsed between two successive position-related data.

-
Power consumption: electrical power (usually in mW) used by the positioning system to produce the position-related data.

-
Energy per Fix: electrical energy (usually in mJ per fix) used by the positioning system to produce the position-related data. It represents the integrated power consumption of the positioning system over the required processing interval. It considers both the processing energy and the energy used during the idle state between two successive productions of position-related data. This KPI can advantageously replace the power consumption when the positioning system is not active continuously (e.g. device tracking).

-
System scalability: amount of devices for which the positioning system can determine the position-related data in a given time unit, and/or for a specific update rate. 

The aforementioned Key Performance Indicators can be dependent of the UE’s dynamic and/or dependent of its location in the cell. The KPI defines a target either for each dependence, or for the worst-case.

Furthermore, some applications can have specific needs in terms of insurance of the quality of service, usually addressed in dedicated certification process and standards outside 3GPP. Most of the time, these applications are safety-critical or liability-critical applications. 

For the purpose of this document, the following additional KPIs can be considered on a case-by-case basis.

-
Continuity: likelihood that the positioning system functionality will be available during the complete duration of the intended operation if the positioning system is operational at the beginning of the operation.

-
Reliability: measure of the ability of a positioning system to provide the position-related data under stated conditions for a specified period.

-
Integrity: measure of the trust in the accuracy of the position-related data provided by the positioning system and the ability to provide timely and valid warnings to the UE and/or the user when the positioning system does not fulfil the condition for intended operation.

-
Time to alert: time elapsed between a change of the integrity (as defined above) and the information to the UE and/or the user.

-
Authentication: provision of assurance that the position-related data associated with the UE has been derived from trusted and authorised sources (e.g. real signals and not falsified signals). This KPI is different from security, which defines the measures to ensure that the position-related data is safeguarded against unapproved disclosure or usage inside or outside the positioning-system. Because it cannot be summarised and quantified as a scalar target, this KPI is managed as a binary field in the present report: yes or no provision of positioning authentication is needed.

-
Security / Privacy: measures to ensure that the position-related data is safeguarded against unapproved disclosure or usage inside or outside the positioning system and/or to ensure that a non-authorized party cannot access information relating to the privacy of the user. Because it cannot be summarised and quantified as a scalar target, this KPI is managed as a binary field in the present report: yes or no security and/or privacy is needed.

In addition to the aforementioned KPIs, the use cases’ description can consider the following key attributes, because they affect significantly the positioning performances and operating conditions of the related technologies:

-
Environment of use: the physical environment in which the UE operates. It describes the service area or volume (e.g. building, cell or network coverage, regional, global coverage) as well as the high-level properties affecting radiofrequency propagation and positioning such as the nature of the service area (open i.e. no obstruction, aerial, sub-urban, canyons urban or natural, indoor including tunnels). In case of multiple environments, the attribute shall also define whether the use case is expected to operate seamlessly in all these environments.

-
UE dynamic: the UE can be either static or moving. In the latter, the attribute shall also provide some elements about its motion such as, for example, maximum speed, trajectory.
-
UE density: defined as the number of UEs per km².

-
Consideration on positioning sources (or reference nodes) density with impact on positioning KPI - for example, some use case may consider a specific density or deployment to improve KPI target in a well-defined service area (e.g. hospitals, factory floor, etc.).
5.2 LBS-related use cases
5.2.1 Accurate positioning for shared bikes

5.2.1.1
Description

The shared bike service allows a rider to rent a bike via a mobile app and drop it off anywhere for the next user. The accurate locations of shared bikes are available in the mobile app for the riders to find the nearest bike. 

This service offers the citizens a cheap and convenient way for city trip. However, the ruthless management of bike parking will cause the problems such as blocking sidewalks. Electronic fence is used as a tool for regulating the parked bikes, and it requires high accuracy positioning of shared bikes. 

5.2.1.2
Pre-conditions

Tom downloads an APP on his smart phone, which allows him to locate and unlock a nearby shared bike.

 The shared bikes are equipped with 5G communication modules, smart lock as well as a 5G positioning module. This positioning module can use a combination of 3GPP technologies and non-3GPP technologies such as GNSS (e.g. Beidou, Galileo, Glonass and GPS), terrestrial beacons (e.g. Bluetooth, RFID, TBS), dead-reckoning sensors, etc. 

The parking areas are categorized as strictly parking-controlled areas and non-strictly parking-controlled areas.

For strictly parking-controlled areas which are mainly near bus hubs, subway stations and shopping centres, riders who park bikes outside the allowed areas (i.e., electronic areas) cannot lock them and will continue to be charged.

For non-strictly parking-controlled areas, instead of being forced, riders are just encouraged to park at any public bike rack or public location that does not interfere with pedestrians or traffic.

5.2.1.3
Service Flows

1.
Tom locates a nearby shared bike and unlocks it to start the trip. 5G provides positioning service with 2m horizontal position accuracy, 90% availability, less than 1s latency. 

2.
Tom rides the bike to the destination at the speed of 15-20km/hour, and during the trip the bike will report its location to the server frequently. 5G provides positioning service with 2m horizontal position accuracy, 90% availability, less than 1s latency.

3.
Tom has completed his trip

a)
 If the parking area is non-strictly parking-controlled area, Tom could park the bike freely at any public location and then lock the bike. The bike reports its location to server. 5G provides positioning service with 2m horizontal position accuracy, 90% availability, less than 1s latency.

b)
If the parking area is strictly parking-controlled area, the mobile APP will indicate him to park the bike in a designated electronic fence nearby. Otherwise, Tom cannot lock the bike and will continue to be charged. The APP need to check if the bike is precisely parked into the dedicated area. 5G provides positioning service with 0.2m horizontal position accuracy, 99% availability, less than 1s latency.   

5.2.1.4
Post-conditions

5.2.1.5
Potential Impacts or Interactions with Existing Services/Features

5.2.1.6
Potential Requirements

The 5G system shall be able to provide positioning service with 2m horizontal position accuracy, 90% availability, and less than 1s latency for the moving UE at the speed of 15-20km/hour outdoor.

The 5G system shall be able to provide positioning service with 0.2m horizontal position accuracy,99% availability, and less than 1s latency for the static UE in a dedicated service area outdoor.
5.3 Industry and eHealth related use cases 
5.3.1 Patient location in hospitals

5.3.1.1
Description

In some hospitals like psychiatry or geriatrics, it is necessary to locate the patients in real time on the site of the hospitals (indoor and outdoor) and to notify the medical staff if the patient reach a non-authorised area in order to avoid runaway patients. 

It is necessary to take into account the environment of hospitals: some are made up of several buildings on several hectares with large green areas and others are buildings of several floors and basements.

5.3.1.2
Pre-conditions

The patient wears a <location equipment> which supports some mechanisms to obtain its location, as part of a 5G positioning module.

5.3.1.3
Service Flows

The <location equipment> enables the 3GPP system to determine its current location in a periodic or an event-triggered manner. The frequency of the location reporting may change according to the application requirements.

The <location equipment> reports location information that may include its applicable Equipment Identity. At any time, upon request, the <location equipment> shall be able to report its location information.

External systems can provide additional information to the Hospital System in order to improve location accuracy of a <location equipment>.

In case of periodic location reporting, the Hospital System supervises the continuous supply of the location information. 

The received location information is stored by Hospital System.

5.3.1.4
Post-conditions

The location information of the < location equipment > is available in the Hospital System. 

5.3.1.5
Potential Impacts or Interactions with Existing Services/Features

Editor’s note: to be completed
5.3.1.6
Potential Requirements

The <location equipment> shall be able to provide its location to the Hospital System.

The 5G System shall be able to request the <location equipment> to provide its location.

The 5G System shall be able to request the <location equipment> to provide its location periodically.

The 5G System shall be able to request the <location equipment> to stop providing its location periodically.

The 5G System shall be able to handle additional location information from other external sources.

The 5G System shall be able to provide positioning service with a horizontal accuracy better than 3m, a vertical accuracy better than 2m, an availability better than [99%] and a latency lower than 1 minute. The environment of use for the provision of the service shall be both indoor (including underground) and outdoor within the boundaries of the Hospital. 

Editor’s note: The aforementioned potential requirements do not preclude where the position is computed (Network-based positioning or UE-based positioning).
5.4 Emergency and Mission Critical related use cases

5.5 Road-related use cases

5.6 Rail-related use cases

5.7 Maritime-related use cases

5.8 Aerial-related use cases

5.9 Other use cases
6 Synthesis of the use cases performances targets
Editor’s note: This clause intends to provide a synthesis table with all the use cases, providing a global view on the general targets for 5G positioning services. It is expected that different use cases reported in clause 5 may share similar targets, typically in the same category. As preamble to the synthesis, the considerations developed in this clause will identify these potential similarities and, when possible and relevant, will propose a grouping of the use cases requirements.
7 Considerations on the suitability of positioning technologies for use cases
Editor’s note: This clause will develop considerations relating to the capabilities of existing positioning technologies to cover the use cases performance targets. It will be developed on a per use case basis and will identify the potential gaps and shortcomings of existing positioning technologies. For the use cases identified as not sufficiently covered by existing technologies, this clause will expand the study to the contribution of 3GPP new positioning technologies (standalone, in combination with other 3GPP positioning technologies or in combination with non-3GPP positioning technologies).
8 Potential positioning requirements
Editor’s note: Initial potential requirements for 5G positioning services

9 Conclusions and recommendations
Annex <A>:
<Annex title>

Editor’s note: The appendix will cover at least the assumptions on positioning technologies and related performances (background material - for instance 3GPP, other standards, etc. - defined as assumptions to support clause 7) and the Change History.
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