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Abstract: This document proposes to add performance requirements for high accuracy positioning services related to vertical industries to SMARTER TS 22.261. 
Introduction 
As stated in the overview of SMARTER TS 22.261 “Another aspect of 5G KPIs includes requirements for various combinations of latency and reliability, as well as higher accuracy for positioning. These KPIs, as identified in TR 22.862 [6], are driven by support for both commercial and public safety services. On the commercial side, new use cases are expected for factory automation, industrial process automation, drone and other UAV control, augmented reality, and more. Services such as UAV controls will require more precise positioning information that includes altitude, speed, and direction, in addition to horizontal coordinates.”
In particular, the SMARTER TR 22.862 describes higher accuracy positioning scenarios in section 5.4. It includes, use cases related to higher positioning outdoor with high speed moving, with low speed moving (including indoor and outdoor), higher accuracy positioning for low altitude UAV in critical condition, higher accuracy positioning for mIoT are considered. 
As potentials requirements it is stated in TR 22.862 that “for services requiring a lower position accuracy (e.g., deliver dense packages from a warehouse to a delivery truck then to a delivery location), the 3GPP system should support high positioning accuracy (e.g., 0.5 m) in both outdoor and indoor, along with high density of the location tracing devices up to (e.g., 1 million devices per km2), and high mobility at minimum of 100 km/h.”
This is inline with the NMGN 5G white (February 2015) that states “in 5G, network based positioning in three-dimensional space should be supported, with accuracy from 10 m to <1 m at 80% of occasions, and better than 1 m for indoor deployments. Tracking of high speed devices will be required to provide this location accuracy in a real-time manner.” 
The recent NGMN white paper on Vertical Industries and Implications for 5G (September 2016) have done further progress and specified positioning accuracy for use cases from vertical industries, namely, for the automotive, transport and logistics, health and wellness, smart cities and utilities, agriculture, media and entertainment and industrial IoT. 
Taking into account that different scenarios described in the TR 22.862 require different levels of positioning accuracy it is proposed to add to the SMARTER TS grouping all KPI values that reflect all accuracy levels based on the NGMN white paper [8] classifications covering different industrial use cases including the scenarios described in the TR 22.862.
Proposal
It is proposed to add in SMARTER TS 22.261 the reference to the NGMN white paper on Vertical Industries and Implications for 5G that consider positioning requirements among other KPIs for different use cases from vertical industries including scenarios proposed initially in the TR 22.862, and provide positioning accuracy KPI requirements related to different use cases from vertical industries. An extract of NGMN original text and table rows related to positioning accuracy for vertical industries is given in the Annex in the end of this document. 
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Positioning accuracy needs to support use cases from vertical industries  
The positioning accuracy values required to support the potential opportunities in the use cases on vertical industries are summarised in table X.1-1 based on the NGMN white paper on vertical industries [8]. 
Table X.1-1 Positioning accuracy needs to support use cases from vertical industries.
	Services/Use cases
	Automotive use cases
	Transport, logistics, IoT use cases
	Health and wellness, smart cities use cases 
	Media and entertainment

	Description
	Uploading of sensed data to servers for dynamic digital map update; expand detectable range beyond on board sensor capability by sharing views or detected objects, coordinate trajectories among vehicles, sharing coarse driving intention, real-time remote operation of vehicles,  
	Sensing, reporting, feedback, control, related to   predictive maintenance, asset tracking, monitoring; context-aware services, recommendations at shopping mall, airport, etc.

	Remote healthcare and assisted surgery; real-time commands to control medical devices; connectivity for sensors, wearable devices and other medical devices; remote monitoring, surveillance and guidance for citizens and law enforcement officers.
	Media production services based on aggregation of various media feeds at servers; real-time peer-to-peer or server-client sharing of data (object information) for collaborative gaming

	Positioning accuracy
	For mid/long-term environment modelling (dynamic high-definition digital map update):
-	<30 cm relative to other map objects
For short term environment modelling (sensor sharing), for cooperation (coordinated control), remote vehicle operation:
<30 cm (can be <10 cm in certain cases, e.g., parking, pedestrian);
-	<1 m for sharing coarse driving intention (coordinated control), e.g. (changing lanes, merging at highway).
-	Indoor positioning also needed, e.g., tunnels, parking.
	For massive connectivity for non-time-critical sensing and time-critical sensing and feedback:
30 cm – 1 m sufficient for many applications
-	<30 cm for applications that require exact localization (e.g., tracking specific objects in a warehouse).

	Indoor positioning also needed, e.g., warehouse, airport, train station.
	For remote healthcare and assisted surgery; for real-time monitoring for smart cities: 
 1-10 m, e.g. remote assisted surgery, wellness monitoring; remote monitoring (surveillance) and guidance for citizens. 



-	Indoor positioning also needed, e.g., house, medical centre
	For media production and collaborative gaming: 



30 cm – 1 m, e.g. location data that could help media production process,
create new gaming applications utilising location information




-	Indoor positioning may also be useful 




* * * End of 2nd change * * * 
Annex: NGMN original text and table rows related to positioning for vertical industries

Executive Summary
The NGMN 5G White Paper, published in February 2015, outlines, among other things, a wide range of use cases, and discusses the requirements or the required considerations and studies in enabling them. In order to fully realize a sustainable ecosystem, both technical and economic realities need to be carefully assessed. This includes a prominent focus on “Verticals” requirements of 5G, in growing interaction with, engagement of, and input from the verticals industries. This paper highlights the technical requirements for a number of selected use cases across the vertical industry and the external factors that need to be considered to make these use cases economically viable. /…/
[bookmark: _Ref449348229]Table 2: Capabilities required for relevant automotive use cases
	Use case attribute
	V2N for mid/ long-term environment modelling (dynamic high-definition digital map update)
	V2X for short term environment modelling (sensor sharing)
	V2X for cooperation (coordinated control)
	V2N for remote vehicle operation

	Description
	· Uploading of sensed data to servers for dynamic digital map update
· Downloading of the latest digital map information


	Expand detectable range beyond on board sensor capability by sharing views (e.g., raw sensor data) or detected objects (e.g., abstract object information) among traffic participants by V2X
	· Coordinate trajectories among vehicles by negotiating over V2X (distributed control via V2V or centralized control via V2N/ V2I), e.g., for collision avoidance, overtaking, platooning, merging
· For example, at intersections, it may be the traffic signal that collects information, makes coordinated decision, and commands control
· Another example is to share detailed planned trajectory via V2X for collaborative driving
· Another example is to share coarse driving intention (e.g., changing lanes or moving/ stopping/ parking in T sec at [x,y,z]) for changing lanes, merging at highway and roundabout, crossing at 4-way stop and have consensus among all involved vehicles via V2X
	Real-time remote operation of  vehicles
· Disasters
· Unknown/unexpected terrains (e.g., mining)
· Handling hazardous material (e.g., nuclear plants)

	Potential technology (/ies)
	5G
	5G
	5G
	5G

	Positioning accuracy
	· <30 cm relative to other map objects; feasibility to be studied
· Indoor positioning also needed, e.g., tunnels, parking
	<30 cm (can be <10 cm in certain cases, e.g., parking, pedestrian); feasibility to be studied
	· <30 cm (can be <10 cm in certain cases, e.g., parking, pedestrian); feasibility to be studied
· <1 m for sharing coarse driving intention
	<30 cm (can be <10 cm in certain cases); feasibility to be studied




[bookmark: _Ref446084420]Table 4: Capabilities required for relevant transport and logistics use cases
	Use case attribute
	Massive connectivity for non-time-critical sensing 
	Massive connectivity for time-critical sensing and feedback
	V2N for remote drone operation

	Description
	Non-time-critical sensing and reporting.  For example
· Predictive maintenance, asset tracking, monitoring
	Time-critical sensing, reporting and feedback/ control. For example
· Context-aware services Recommendation at shopping mall, airport
	Real-time remote operation of  drones 

	Potential technology (/ies)
	Wi-Fi, LPWA, 4G, 5G?
	4G, 5G
	5G

	Positioning
	30 cm – 1 m sufficient for many applications
· <30 cm for applications that require exact localization (e.g., tracking specific objects in a warehouse)
· Indoor positioning also needed, e.g., warehouse, airport, train station
· localization without the need for a costly GPS receiver in the end-device
	30 cm – 1 m sufficient for many applications
· <30 cm for applications that require exact localization (e.g., tracking specific objects in a warehouse)
· Indoor positioning also needed, e.g., warehouse, airport, train station
· localization without the need for a costly GPS receiver in the end-device
	For further study



[bookmark: _Ref445968956]Table 6: Capabilities required for relevant health & wellness use cases
	Use case attribute
	Real-time video/ telepresence/ augmented reality for remote healthcare and assisted surgery
	Massive sensor connectivity for health and wellness monitoring 
	Real-time command and control for remote medication and surgery

	Description
	Live video feed (4K, 8K, 3D) in both uplink and downlink  for remote healthcare (consultation, diagnosis, treatment, monitoring) and assisted surgery
	Connectivity for sensors, wearable devices and other medical devices for health monitoring and info-mediation
	Real-time commands to control medical devices for treatment (.e.g., medication, surgery)

	Potential technology (/ies)
	5G
	4G, LPWA, 5G?
	5G?

	Positioning
	Not critical, 1-10 m
· Indoor positioning also needed, e.g., house, medical centre
	Not critical, 1 -10 m
· Indoor positioning also needed, e.g., house, medical centre
	Not critical
· For remote surgery, a robotic device will take care of local accuracy



[bookmark: _Ref450129462]Table 8: Capabilities required for relevant smart cities and utilities use cases
	Use case attribute
	Real-time video for monitoring and guidance
	Massive connectivity for non-time-critical sensing 
	Massive connectivity for time-critical sensing and feedback

	Description
	Live video feed (HD, 4K, 8K, 3D) in both uplink (remote monitoring, surveillance) and downlink (guidance for citizens and law enforcement officers) 
	Non-time-critical sensing and reporting.  For example, weather, pollution
	Time-critical sensing, reporting and feedback/ control. For example
Detection of natural disasters, smart grid control and context aware lighting

	Potential technology (/ies)
	5G
	Wi-Fi, LPWA, 4G, 5G?
	4G, 5G

	Positioning
	Not critical, 1-10 m

	Not critical for applications where device location would be known (e.g., fixed devices)

	Not critical for applications where device location would be known (e.g., fixed devices)




[bookmark: _Ref450129566]Table 10: Capabilities required for relevant agriculture use cases
	Use case attribute
	Massive connectivity for sensors and actuators
	V2X for cooperative farm machinery 

	Description
	Monitoring of farm conditions (e.g., soil, water level, livestock) and actuation of machinery (e.g., sprinklers, feeding)
	Coordinate trajectories among farm machinery for coordinated operation/manoeuvres, etc.


	Potential technology (/ies)
	Wi-Fi, LPWA, 4G, 5G?
	Wi-Fi-based, 4G, 5G?

	Positioning
	Not critical for applications where device location would be known (e.g., fixed devices)
	30 cm – 1 m
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Table 12: Capabilities required for relevant media and entertainment use cases
	Use case attribute
	Guaranteed QoS broadband services for media production
	Low-latency services for collaborative gaming
	Broadband services for live streaming in crowded areas
	Mobile wireless backhaul for in-vehicle entertainment

	Description
	Guaranteed QoS (data rate, latency, reliability, etc.) services to aggregate various media feeds at servers
	Real-time peer-to-peer or server-client sharing of data (object information, live video feeds, etc.) for collaborative gaming
	Live streaming of various angle views and replays at live events (sports game, concert, etc.) for spectators
	Mobile wireless backhaul for on-board access points/ small cells

	Potential technology (/ies)
	5G
	5G
	5G
	5G

	Positioning
	· Location data (30 cm – 1 m) could help media production process
· Indoor positioning may also be useful
	· Location data (30 cm – 1 m) could help create new gaming applications utilising location information
· Indoor positioning may also be useful
	Not critical
	Not critical



Table 14: Capabilities required for relevant industry IoT use cases
	Use case attribute
	Massive connectivity for non-time-critical sensing
	Massive-connectivity for time-critical sensing
	Real-time control 

	Real-time video/ telepresence/ augmented reality 

	Description
	Non-time-critical sensing and reporting.  For example
· Predictive maintenance, asset tracking, monitoring
	Time-critical sensing and reporting for process automation
	Real-time control for discrete automation
	· Live video feed (4K, 8K, 3D) in both uplink and downlink for remote assistance. 
· Augmented reality for task guidance, etc.

	Potential technology (/ies)
	Wi-Fi, LPWA, GSM, 3G, 4G, 5G?
	LPWA, GSM, 3G, 4G, 5G
	5G
	5G

	Positioning
	30 cm – 1 m sufficient for many applications
· <30 cm for applications that require exact localization (e.g., tracking specific objects in a warehouse)
· Indoor positioning also needed, e.g., warehouse
· localization without the need for a costly GPS receiver in the end-device
	Not critical
	Not critical
Robotic devices will take care of local accuracy
	30 cm – 1 m sufficient for many applications
· <30 cm for applications that require exact localization (e.g., tracking specific objects in a warehouse)
· Indoor positioning also needed, e.g., warehouse
· localization without the need for a costly GPS receiver in the end-device
· More precise localization may be needed for specific applications (e.g., AR guidance for a task)



