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Abstract: This document proposes to align with recently agreed NGMN latency requirements of use cases for vertical industries to SMARTER TS 22.261. 
Introduction
 Currently SMARTER TS table 7.2.2-1 latency refers only to a one-way latency on the radio layer.
The recent NGMN white paper on Vertical Industries and Implications for 5G (September 2016) has done further progress in this direction and specifies now end-to-end latency requirements for use cases from vertical industries, in particular, the automotive ecosystem, transport and logistics, health and wellness, smart cities and utilities, media and entertainment, and industrial IoT industries. 
It is worthwhile to add them in SMARTER TS 22.261. 
Proposal

It is proposed to add in SMARTER TS 22.261 the end-to-end latency KPIs retrieved from NGMN documents related to use cases from the vertical industries to the section 7.2 low latency and high reliability. An extract of NGMN original text and table rows related to latency for vertical industries is given in the Annex in the end of this document.  For the automotive use cases KPIs for high density platooning and remote vehicle operation are taken from the 5G V2X TR 22.886 to be aligned with this study. 


[bookmark: _Toc399511925][bookmark: _Toc324232210][bookmark: _Toc326248701][bookmark: _Toc399743733][bookmark: _Toc248905717]* * * Start of 1st change * * * 
7.2 Low latency and high reliability
Editor's Note: Text in this section is still to be elaborated 
[bookmark: _Toc466915143][bookmark: _Toc467058249]7.2.1	Overview
Several service scenarios demand very low latency and very high reliability. The overall service latency depends on the delay on the radio interface, transmission within the 3GPP system, transmission to a server which may be outside the 3GPP system, and data processing. Some of these factors depend directly on the 3GPP system itself, whereas for others the impact can be reduced by suitable interconnections from the 3GPP system to services or servers outside of the 3GPP system, for example, to allow local hosting of the services. The services and their performance requirements can be found in table 7.2.2-1. Latency in the table refers to the one-way latency on the radio layer. The low latency values required to support the potential opportunities in the use cases on vertical industries are summarised in table 7.2.X-1. Latency in this table refers to the end-to-end latency at the application layer.

[bookmark: _Toc466915144][bookmark: _Toc467058250]7.2.2	Services and KPIs
Services requiring low latency and high reliability can be categorized in the following groups:
-	Industrial control - Conventional industrial control is characterised by high requirements on the communications system regarding latency, reliability, and availability. Systems supporting industrial control are usually deployed in geographically limited areas but may also be deployed in wider areas (e.g., city- or country-wide networks), access to them may be limited to authorised users, and they may be isolated from networks or network resources used by other cellular customers.
-	Industrial automation - Industrial automation is characterised by high requirements on the communications system regarding reliability and availability. Systems supporting industrial automation are usually deployed in geographically limited areas, access to them may be limited to authorised users, and they may be isolated from networks or network resources used by other cellular customers.
-	Tactile interaction - Tactile interaction is characterised by a human being interacting with the environment or people, or controlling a device, and relying on tactile feedback.
-	Audio-visual interaction - Audio-visual interaction is characterised by a human being interacting with the environment or people, or controlling a device, and relying on audio-visual feedback.
-	Remote control - Remote control is characterised by a device being operated remotely, either by a human or a computer.
Table 7.2.2-1 Performance requirements for low-latency and high-reliability services.
	Service
	Latency
	Reliability
	Experienced data rate
	Payload
	Traffic density
	Connection density
	Coverage
NOTE 1
	Comments

	Industrial control
	1ms
	99,999 %
	1 Mbps
	Small
	1 Gbps/km2
	1 000/km2
	Very high
	NOTE 2

	Industrial automation
	10ms
	99,999 %
	1 Mbps
	Small
	100 Mbps/km2
	100/km2
	High
	

	Tactile interaction
	0,5ms
	[99,999 %]
	[Low]
	[Small]
	[Low]
	[Low]
	[Very high]
	NOTE 2

	Audio-visual interaction
	[10ms]
	[99,9 %]
	[250 Mbps]
	[Big]
	[Low]
	Low]
	[High]
	NOTE 3

	Remote control
	[5ms]
	[99,999 %]
	[From low to 10 Mbps]
	[Small to big]
	[Low]
	[Low]
	[Very high]
	

	NOTE 1: 	The coverage requirement applies to the service area, e.g., inside a factory.
NOTE 2: 	Traffic prioritization and hosting services close to the end-user may be helpful in reaching the lowest latency values.
NOTE 3: 	Audio-visual interaction requires very low-delay audio and video coding, and high video frame rates (e.g., 120 fps).
NOTE 4: 	All the values in this table are targeted values and not strict requirements. 


Editor's Note: All values in this table are FFS.
7.2.X	Latency KPIs for vertical industries
Table 7.2.X-1 Latency 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
	Expand detectable range beyond on board sensor capability by sharing views or detected objects among traffic participants, coordinate trajectories among vehicles, sharing coarse driving intention, real-time remote operation of vehicles
	Real-time sensing, reporting, feedback, control, remote, asset tracking, monitoring; context-aware services, recommendations at shopping mall, airport

	Live video feed (4K, 8K, 3D for remote healthcare (consultation, monitoring) and assisted surgery, real-time commands to control medical devices for treatment (e.g., medication, surgery); 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, live streaming at live events

	Latency
	For short term environment modelling (sensor sharing): <20 ms end-to-end
For cooperation (coordinated control):
· <10 ms end-to-end for cooperative manoeuvres, high density platooning
· <100 ms end-to-end for coarse driving intention

For remote vehicle operation:
5-20 ms end-to-end

	For massive connectivity for time-critical sensing and feedback
<30 ms end–to-end. 
For remote drone operation and cooperative farm machinery:
10-30 ms end-to-end

Real-time control for discrete automation: 
≤1 ms end-to-end

	For real-time video/ telepresence/ augmented reality for remote healthcare and assisted surgery, for monitoring and guidance (smart cities):
100 ms end-to-end
Real-time command and control for remote medication and surgery:
10-100  end-to-end
For smart grid: 
· <5 ms end-to-end for transmission/ grid backbone, 
· <50 ms end-to-end for distribution/ grid backhaul, 
Time-critical sensing and feedback for smart cities:
-	30 ms end-to-end
	For live streaming in crowded areas, services for media production, augmented reality for collaborative gaming etc:

20 ms end–to-end



* * * End of 1st change * * * 
Annex: NGMN original text and table rows related to latency 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 1: 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

	Latency
	Not critical (100 ms end-to-end seems to be tolerable)
· Downloading may be for maps to be used 5 min later, and hence not time-critical
	<20 ms end-to-end

	· <3 ms end-to-end for platooning
· <10 ms end-to-end for cooperative manoeuvres.
· <100 ms end-to-end for coarse driving intention
· These requirements apply regardless of whether the messages are exchanged directly between vehicles (PC5 – sidelink) or via the infrastructure (Uu – uplink, core network and downlink). The exact latency budget for interfaces at different protocol layers will depend on the technical design.
	10-30 ms end-to-end 



[bookmark: _Ref446084420]Table 2: 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

	Latency
	Not critical
	<30 ms end–to-end. 

	10-30 ms end-to-end 



[bookmark: _Ref445968956]Table 3: 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?

	Latency
	100 ms end-to-end
	In the order of seconds to minutes
	10-100 ms end-to-end 


[bookmark: _Ref450129462]Table 4: 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

	Latency
	100 ms end-to-end
	In the order of seconds to minutes
	· 30 ms end-to-end 
· Smart grid: 
· <5 ms end-to-end for transmission/ grid backbone, 
· <50 ms end-to-end for distribution/ grid backhaul, 
· <1 s end-to-end for access



[bookmark: _Ref450129566]Table 5: 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?

	Latency
	In the order of seconds to minutes
	10-30 ms end-to-end 



[bookmark: _Ref456945639]Table 6: 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

	Latency
	20 ms
	20 ms
	20 ms
	20 ms




Table 7: 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

	Latency
	Not critical
	10 ms – order of seconds
	≤1 ms end-to-end 
	100 ms end-to-end



