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5.x	 Use case of smart and accurate on-site patrol & remote maintain
5.x.1	Description
Monitoring the power infrastructure and the operating data are the regulation tasks to guarantee power grid normal operation. The power patrol inspection is one of the key method to implement monitoring tasks.  The power patrol inspection is mainly for outdoor substation and indoor distribution equipment. It is required to regularly inspect mass different equipment status in substation and distribution grid e.g. metering, switch position, equipment temperature, partial discharge of cabinet etc. 

With traditional manually inspection, it has to endure low efficiency, expensive cost, easily missed inspection and when in extremes, torrential rain, snow, sand and tropical sun, it can’t work even.  Beyond these, some specific scenario e.g. underground pipeline is very dangerous for worker because of its long way and closure environment even with harmful gases.  

With the development of communication, AI, robot, IoT etc., the power patrol work can be efficient, accurate and safety when the tunnel robot and UAV are introduced to help worker to implement accurate on-site patrol. Once these kinds of robot are introduced, 5G system should be involved to transmit the massive real time perception data, the control command etc. to assist collaboration between worker and power patrol robots.

Following are typical robots which are utilized in smart grid on-site patrol and remote maintain tasks.
· The tunnel inspection robot monitors the temperature of the cable tunnel, the air and harmful gas content, and the temperature of the cable accessories through visible light video monitoring and thermal imaging monitoring. It records images at fixed points, and sends them to the power control center in real time. The tunnel fire-fighting robot is another tunnel robot which can share the track system, communication system, power supply system and back-end system with tunnel inspection robot. After receiving the fire alarm signal, it can accurately locate and extinguish the fire. 

· The inspection UAV usually works for transmission lines. It inspects the main body, ancillary facilities, line channels, etc. of overhead transmission lines; collects images, videos, laser point cloud data, etc. and sends them to the power control center to complete line routine inspections, fault inspections (identify the line Failure point, failure reason and failure situation), dynamic inspection (disaster inspection, power supply inspection, etc.), and detection (infrared temperature measurement, tree barriers, cross crossing, distance to ground, etc.).

· Distribution grid live working robot: it works for remote maintain. Based on the image acquisition and display technology of augmented reality and binocular vision, operators can operate the robotic arm in the control room on the ground to complete live work and realize automatic and intelligent power distribution work which reduce manual intervention, improve work efficiency, and reduce operational risks.

There have other different kinds of robots to serve smart grid, not only in transmission domain, but also in distribution domain. E.g. substation inspection robot, substation operation robot, amphibious live working robot etc.

5.x.2	Pre-Conditions

SS is a power service company and recently it deploys tunnel robots, UAV and Distribution network live working robot to implement on-site patrol and remote maintain. Operator TT has assigned a contract with the power company SS to provide required communication service for SS.

The tunnel inspection robot A, tunnel fire-fighting robot B, UAV C receive the patrol command and related information e.g. the navigation information to the destination, the collection data configuration etc.

The robot A\B, C detect their charging status and decide to implement the patrol tasks.

The Distribution grid live working robot D receives a command from remote operation room to begin its live work for the distributed grid.

5.x.3	Service Flows

Scenario1:

1. The tunnel robot A and B go into the underground power tunnel and begin to monitor the working status along the power tunnel. Robot A collects status data in the power tunnel e.g. temperature of the cable tunnel, the air and harmful gas content, and the temperature of the cable accessories, etc.  These collected data type may be picture, data and video etc. 
2. Robot A reports the collected data to power control center in real time.
3. Suddenly, the fire alarm signal in point X is identified, robot B works to accurately locate the fire point and extinguish the fire.
4. Both robot A and B collect working status of themselves while they are working.
5. Robot A and B receive new directions from the power control center.
6. Robot A and B adjust their patrol tasks according to the directions and continue their patrol tasks.
7. Once they complete the task or receive stop command from power control center, they go back to their standby room.


Scenario2:
1. The UAV C flies to the destination area and begins to collect working data e.g. the main body, ancillary facilities, line channels, etc.)  of the overhead transmission line. The data type may be images, videos, laser point cloud data, etc.
2. The UAV C sends the data in real time to the power control center. 
3. Once there is a fault, it needs to collect more data and report in real time to assist power control center to identify the line Failure point, failure reason and failure situation.
4. Once there is a disaster, it also need to report the disaster related information to power control center in real time.
5. Besides above, it also need to collect infrared temperature, tree barriers, cross crossing, distance to ground, etc. and report to power control center in real time.
6. During it is working, it is also collecting the working status of itself.
7. Once it completes the task or receive stop command from power operating center, it goes back to its standby room.

Senario3:

1. Robot D collects the failure point image and related status data, then reports to remote operator in real time.
2. With the assistance of 5G system, the remote operator sends operation command to operate the robot D’s arm.
3. Robot D acts the live work according to the commands from remote operator.


5.x.4	Post-Conditions
The power grid can be real-time monitored for whole whether and whole scenarios and if there has something abnormal, it can be recovered ASAP. 

5.x.5	Existing features partly or fully covering the use case functionality
None

5.x.6	Potential New Requirements needed to support the use case
The 5G system shall be able to provide communication service with following performance (note1).
	scenario
	User Experienced Data Rate
(bps)
	Latency
(ms)
	Reliability
%
	Connection density
	Coverage (km)
	Position service level
	Isolation and safety

	on-site patrol in tunnel
	>20M
	UL: < =200

	UL: 99.9

	5~10/area
	>=30km (city range)
	6 (note2)
	 information: III working area

	 transmission line inspection (UAV case)
	4~10M
	UL: <=200
	UL: 99.9
	1~2/area
	>=30km
	6 (note2)
	information: III working area

	distribution grid live working 
	4~10M
	UL: <=50
DL:<=10
	UL:99.9
DL:99.999
	1~2/area
	>=1km
	6 (note2)
	Safety working I area
information: III area


NOTE1: refer [x] published by China Southern Power Grid.
[bookmark: _GoBack]NOTE2: refer TS22.261
Editor NOTE: according to the power grid working area security requirement, the isolation level can be classified into physical isolation, hybrid isolation, and logical isolation. The detail definition need to be studied.

The 5G system shall be able to provide connection service wherever the smart grid device is indoor, outdoor, low and medium altitude and underground.
The 5G system shall be able to provide connection service quality status information to the application layer to ensure power grid work.
The 5G system shall be able to provide different connection services for multiple smart grid applications at the same time.
The 5G system shall be able to support different power grid isolation level.

