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Abstract: This document contains several clarifications on the healthcare related use cases. It also strengthens the location accuracy requirements for some of the use cases (e.g. patient tracking and emergency services), as these are deemed too low.
Discussion

With regards to indoor localization, a distinction should be made between “equipped” and “unequipped” environments.

An “equipped” environment is provided with additional infrastructure to enable more accurate and/or more available localization (e.g. using a high density of small cells or WLAN access points). For example, a hospital (campus) could be “equipped” to enable tracking of patients, personnel and assets throughout the hospital. This additional infrastructure could use a combination of 3GPP technologies and non-3GPP technologies.
An “unequipped” environment is not provided with such infrastructure and localization inside such an environment would solely rely on infrastructure that can be assumed to be present anywhere (e.g. a country-wide operator-supplied 5G network or GPS). Unequipped environments are important to consider for use cases that must work in any environment, for example in any building – commercial, public or residential alike – e.g. to localize a patient getting a heart attack in an apartment building.

This distinction is used throughout this and a related CR document, but it might be useful to make explicit for any use case, whether there is an assumption on specific infrastructure or not. 

Note: it is currently not clear if this has some possible overlap with the definition of bounded service area, as the definition of bounded service area is missing from the document.
Proposal

---------- BEGIN OF CHANGE #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 and eHealth (e.g. automation, asset management and tracking, device telemetry – metering, patient monitoring)

-
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.


------------------------- END OF CHANGE #1 ----------------------------

---------- BEGIN OF CHANGE #2 ----------

5.3.1
Person and medical equipment 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 patients reach a non-authorised area in order to avoid runaway patients.
Additionally, it is necessary to locate caregivers and medical equipment (e.g. crash cart), especially in emergency situations.
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 device, e.g. a wrist-band which supports some mechanisms to obtain its location, as part of a 5G positioning module.The caregiver carries a mobile phone or tablet. The medical equipment has a built-in 5G positioning module. It is assumed that the 5G positioning module is linked to a communication module together forming a UE.
The positioning module can use a combination of 3GPP technologies and non-3GPP technologies. 
The positioning module and related communication module has to be able to operate with very low energy consumption, given that the device in which it is used (e.g. patient worn wrist band) may have very limited battery and form factor. 

Note that the hospital can be considered an equipped environment.
5.3.1.3
Service Flows

The UE 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 UE reports location information that may include its applicable Equipment Identity. At any time, upon request, the UE 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 UE.

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 person or medical 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 UE shall be able to provide its location to the Hospital System.

The 5G System shall be able to request the UE to provide its location.

The 5G System shall be able to request the UE to provide its location periodically.

The 5G System shall be able to request the UE 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 less than [3 m], a vertical accuracy less than [2 m] (i.e. floor accurate), an availability over [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. 
The 5G System shall support positioning of UEs using very little energy consumption on the UE.

Editor’s note: The aforementioned potential requirements do not preclude where the position is computed (Network-based positioning or UE-based positioning).
------------------------- END OF CHANGE #2 ----------------------------

---------- BEGIN OF CHANGE #3 ----------

5.3.2
Patient location outside hospitals 

5.3.2.1
Description

In some hospitals like psychiatry or geriatrics, it is necessary to locate the patients in real time to notify the medical staff if the patient reaches a non-authorised area in order to avoid runaway patients. 

When a patient manages to leave the hospital without authorisation, it is necessary to locate him (in a city and in rural area) in order to bring him back to the hospital.
Additionally, ambulatory patients with a potentially critical condition (e.g. cardiac, diabetes, high-risk pregnancy), as well as frail elderly, need to be localized in case their condition gets critical (e.g. elderly falling).

5.3.2.2
Pre-conditions

The patient wears a device containing a 5G communication module and a 5G positioning module. This positioning module can use a combination of 3GPP technologies and non-3GPP technologies. The patient’s wearable device should have a battery life of at least several days.

5.3.2.3
Service Flows

The 5G positioning module 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 5G positioning module reports location information that may include its applicable Equipment Identity. At any time, upon request, the 5G positioning module 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 5G positioning module.

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

Hospital System stores the received location information.

5.3.2.4
Post-conditions

The medical staff localizes the patient.

5.3.2.5
Potential Impacts or Interactions with Existing Services/Features

Editor’s note: to be completed.

5.3.2.6
[Potential] Requirements

The 5G System shall be able to provide positioning service with a horizontal accuracy less than [10] m both indoors and outdoors. Furthermore, for indoors, the 5G System shall be able to provide positioning service with a vertical accuracy sufficiently accurate to determine the floor, so typically less than [3] m. This localization accuracy needs to be achieved in both an equipped and unequipped environment.
------------------------- END OF CHANGE #3 ----------------------------
---------- BEGIN OF CHANGE #4 ----------

5.4.1
Accurate positioning for emergency services
5.4.1.1
Description

An emergency service enables a user to contact a Public Safety Answering Point (PSAP) and requires the emergency services user/UE to have accurate positioning such that they may be located and offered aid by first responders. The level of positioning accuracy (and other KPIs) required is dependent upon local and regional regulatory requirements. 

This service offers the citizens within a jurisdiction to be located in the time of need and requires high accuracy UE positioning in all service areas, including those that could potentially be challenging for some positioning technologies (e.g. urban canyons, indoors). 

5.4.1.2
Pre-conditions

Tom experiences or witnesses an emergency situation (e.g. fire, accident, medical emergency).

Tom has a UE equipped with 5G communication module, 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 Beacon Systems (TBS), sensors, WLAN/Bluetooth-based positioning. 

The 5G communication system includes an interface to a PSAP to dispatch first responder(s).

5.4.1.3
Service Flows

1.
Tom detects an emergency situation and dials/contacts the emergency number for his region. This may initiate a call, video or messaging service to a local PSAP.

2.
The 5G system initiates a positioning function, without user intervention, with 3-dimentional position accuracy according to local regulatory requirements (including minimal e.g. latency and other KPIs). 

3.
Tom communicates his emergency situation with the PSAP.

4.
The PSAP dispatches first responders to Tom’s location, where the first responders are given a 3-Dimensional position and confidence for his location.

5.
Tom completes his emergency communication with the PSAP.

5.4.1.4
Post-conditions

The location information of the UE is available in the PSAP and the first responder.

5.4.1.5
Potential Impacts or Interactions with Existing Services/Features

N/A

5.4.1.6
Potential Requirements

The 5G System shall be able to provide positioning service with three-dimensional position accuracy and associated KPI targets, determined by regulatory agencies (e.g. FCC), as follows:

- Accuracy [< 50
m] horizontal ([80%]), [< 3 m] vertical ([80%]) (vertical accuracy sufficiently accurate to determine floor)
- Latency and TTFF [< 30 seconds] 

- Availability [> 95%]
- Environment of use: indoor and outdoor, for both equipped and unequipped environments.
The 5G System shall support the UE to provide the positioning methods used in calculating the position and the associated uncertainty/confidence of the position.

The 5G System shall be able to request the UE to provide location information (e.g. measurements, position) with some periodicity as necessary.

The 5G system shall be able to determine the reliability of the positioning information.

Editor’s Note: The definition of Reliability is FFS.

------------------------- END OF CHANGE #4 ----------------------------

---------- BEGIN OF CHANGE #5 ----------

5.7.2
Transport and inspection by drones for medical purposes
5.7.2.1
Description

Drugs and cures need to be transported between two different buildings (for instance, pharmacy to a dedicated unit) inside a hospital made up of several buildings on several hectares with large green areas or between two different hospitals (in the same city). Drones can be used for these transportations. 

Some hospitals may organise and pool their stock of drugs and production of cures. 

Some hospitals, part of a same group or not, may exchange drugs, for instance, in case one face empty stock, or is not equipped to store some cures (e.g. chemotherapy). 

In all these cases and situations, drugs and cure need to be transported between two distinct locations, in a trusted, secure and time-controlled process. The locations may be distant from several tens of kilometres. Drones can be used to ensure such transportation.
In addition to transport between buildings, drones can be used to transport life-saving equipment (e.g. AED) from a predetermined location to an arbitrary outdoor (or even indoor) location in close vicinity of a patient (e.g. suffering of Sudden Cardiac Arrest). Also a drone (could be the same drone delivering the life-saving equipment) needs to hover over the scene and provide a live video feed to an emergency call centre, enabling better life saving support.
The drone flies at low altitude. The drone needs to maintain a continuous connection with the mobile network, which requires the network supports continuous wireless coverage in low altitude flight scenarios.

During the whole delivery process, the position and the status of the drone needs to monitored and logged in order to ensure the full traceability of the delivery, as well as the security of the delivery.

A drone and remote control are connected to the mobile network. A continuous connection with the mobile network is needed, especially in the case of transport between two hospitals requiring a way in the public domain.

The drone is piloted with remote mode, the data being transmitted via the network

Position accuracy is defined to minimise risk of damage to property or life in densely populated areas.

Extreme Real-Time Communications are addressed in the NGMN 5G white paper [2]. 

Editor’s Note: The reference will be updated and harmonized in a later version of the TR.

5.7.2.2
Pre-conditions

The drone and its payload container 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. 

A drone and remote control are connected to the mobile network.

The drone is piloted with remote mode, the data being transmitted via the network.

5.7.2.3
Service Flows

Editor’s note: to be completed.

5.7.2.4
Post-conditions

Editor’s note: to be completed.

5.7.2.5
Potential Impacts or Interactions with Existing Services/Features

Editor’s note: to be completed.

5.7.2.6
[Potential] Requirements

The 5G system shall support:

-
Round trip latency less than [150 ms], including all network components. 

-
Due to the consequences of failure being loss of property or life, reliability goal is [near 100%.] 

-
Reliability to be at the same level for current aviation Air Traffic Control (ATC). Link supports command and control of vehicles in controlled airspace. The integrity of the position needs to be ensured in compliance with the regulations.

-
Priority, Precedence, Preemption (PPP) mechanisms shall be used to ensure sufficient reliability metrics are reached. 

- 
Position is to be authenticated, and logged in the system for security and traceability.

For en-route phases, the 5G system shall be able to provide positioning service with [50 cm] horizontal position accuracy and a [30 cm] vertical accuracy, 99% availability, for the moving UE at the speed of up to [50km/hour]. The environment of use for en-route phase is outdoor, mainly unobstructed.

During docking phases (take-off and landing), the 5G system shall be able to provide positioning service with [50 cm] horizontal position accuracy and a [10 cm] vertical accuracy, 99.9% availability for quasi stationery UE in dedicated service area of [10m2]. The environment of use for the docking-phase is outdoor, but may suffer obstruction from buildings in the vicinity of the drone’s docking stations. For delivery to, and hovering over, an emergency scene an unequipped environment needs to be assumed.
The 5G System shall support mechanisms to protect positioning-related data against tampering.

The 5G System shall support mechanisms to detect tampering attempts on the position-related data.

------------------------- END OF CHANGE #5 ----------------------------

---------- BEGIN OF CHANGE #6 ----------

	Use cases
	Potential requirements per use cases

	
	Environment of Use
	Position Accuracy
	Velocity
	Avail.
	Update rate or interval
	TTFF
	Latency
	Other KPI

	5.2.1
	Bike sharing
	5G coverage - Outdoor
	2m Horizontal
	
	90 %
	
	10s
	1s
	

	
	
	Bounded area - Outdoor
	0.2m Horizontal
	
	99 %
	
	10s
	1s
	

	5.2.2
	Augmented Reality
	Outdoor - 5G coverage
	1-3m Horizontal
	2 m/s
 10deg.
	80 %
	1 - 10 Hz
	10s
	1s
	Low Energy

	5.2.3
	Wearables
	5G coverage - Outdoor
Bounded area-Outdoor/Indoor
	2m Horizontal
	
	90 %
	30s - 300s
	10s
	
	Power saving mode

	
	
	5G coverage - Outdoor
Bounded area-Outdoor/Indoor
	2m Horizontal
	
	99 %
	1s - 30s
	10s
	1s
	

	5.2.4
	Advertisement push
	5G coverage - Outdoor
Bounded area-Outdoor/Indoor
	3m Horizontal
	
	90 %
	
	
	60s
	

	5.2.5
	Flow management
	Bounded area - Outdoor/Indoor
	10m Horizontal
	
	80 %
	10s
	10s
	
	

	5.3.1
	Person and medical equipment location in hospitals
	Bounded area - Outdoor/Indoor
	3m Horizontal
2m Vertical
	
	99 %
	
	
	60s
	

	5.3.2
	Patient location
(outside Hospital)
	5G coverage 
Outdoor/Indoor
	10m Horizontal
3m Vertical (floor)
	
	99 %
	
	
	
	

	5.3.3
	Trolley
	Bounded area - Outdoor/Indoor
	0.5m Horizontal
	
	99 %
	
	
	20ms
	

	5.3.4
	Waste management
	5G coverage - Outdoor
	3m Horizontal
	
	99 %
	2h - 1 day
	
	60s
	Very low energy (15 years)

	5.4.1
	Emergency call
	5G coverage 
Outdoor/Indoor
	50m
 Horizontal
3m Vertical
	
	95 %
	
	30s
	60s
	Reliability/
Confidence

	5.5.1
	Traffic Monitoring & Control
	5G coverage - Outdoor
	1-3m Horizontal
2.5m Vertical
	
	95 %
	10 Hz
	10s
	30ms
	Antispoofing
Antitampering

	5.5.2
	Road User Charging
	5G coverage - Outdoor
Bounded areas (tunnels)
	<1m (across track)
3m (along track)
	2 m/s
	99 %
	1 Hz
	10s
	
	Antispoofing
Antitampering

	5.6.1
	Asset tracking and management
	5G coverage - Outdoor
	10-30m Horizontal
	5 m/s
	99 %
	300s-1day
	
	
	20 mJ/fix (average), Antispoofing, Antitampering, support for "out of coverage" positioning

	
	
	Bounded area - Outdoor
	1m Horizontal
	
	99 %
	1s
	1s in bounded area
	
	

	5.7.1
	UAV

(Data analysis)
	5G coverage - Outdoor
Bounded area - Outdoor
	0.1m Horizontal
0.1m Vertical
	0.5 m/s
2 deg.
	99 %
	
	10s
	
	Low Energy, Antispoofing, Antitampering

	5.7.2
	UAV (Remote control)
	5G coverage - Outdoor
	0.5m Horizontal
0.3m Vertical
	
	99 %
	
	
	150ms
	Antispoofing
Antitampering

	
	
	Bounded area - Outdoor
	0.5m Horizontal
0.1m Vertical
	
	99.9 %
	
	
	150ms
	Antispoofing
Antitampering

	5.8.1
	Support multiple different location service
	5G coverage - Outdoor
	2m Horizontal
	
	90 %
	
	10s
	1s
	Management of different KPI and positioning services

	
	
	5G coverage - Indoor
	0.1m Horizontal
	
	99 %
	
	10s
	1s
	

	5.8.2
	Support location capabilities negotiation
	5G coverage
	
	
	
	
	
	
	Support + negotiation of positioning methods (incl. hybrid)

	Note: most use cases also feature potential requirements on modes of operation, intended for the UE, the Network or for the 5G system.


------------------------- END OF CHANGE #6 ----------------------------

�Suggest to require accuracy which is better than regulatory requirement. For example: < 10m for indoor use to quickly find the right room.


�Consider 10m, see comment in use case description.





