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------------------------- START OF PROPOSED CHANGES ----------------------------

5.3.x
Very accurate positioning in support of precision agriculture
5.3.x.1
Description

Precision agriculture and high technology agriculture are growing markets instrumented by the combination of very-high accuracy positioning, connectivity (sometime close to real-time) and cooperative operations among user equipment.
One can identify, among other drivers, the following needs for positioning in high-technology agriculture and high precision farming:

· Farm machine guidance with needs for sub-meter to sub-decimetre level accuracy, high continuity / availability, close to real-time connectivity including among user equipment

· Automatic steering (tools) and Variable Rate applications (VRT = variable rate technologies) with needs for sub-decimetre level accuracy, high continuity / availability, close to real-time connectivity including among user equipment

· Monitoring (biomass, soils, etc.) with needs for meter level accuracy, high continuity / availability, and in most cases, non-real-time connectivity including among user equipment

The current use case targets support to farming operations, i.e. Machine Guidance and VRT.  Farm machinery guidance uses very high-accuracy positioning to assist farmers and machine operators or drivers in following a path as close as possible to the optimal one, thus leading to minimum overlaps between tracks. For example, high-accuracy positioning is used for the creation of straight and uniformly distributed lines in the field, or to guide machine in curved trajectories (e.g. harvesting). Variable-rate technology (VRT) describes any technology which enables producers to vary the rate of crop inputs, it usually combines a variable-rate (VR) control system to apply inputs at a precise time and/or location to achieve site-specific application rates of inputs.  Examples of VR applications for agriculture include fertilizer, lime, seeding and pesticides. 
High precision agriculture is usually associated to very large fields and use of large machine, such as harvesters and tractors. 

It is particularly used for improving the seeding process or the spreading of agrichemicals by combining IoT sensors (to monitor soil moisture and nutrient levels for example), geomapping and positioning (very high accuracy positioning - < 30cm – and ultra-high accuracy - <10cm, for instance using GNSS RTK and PPP, as well as pseudolites or high-accuracy beacons). The result is an increase of the quality of the harvest while limiting the use of chemicals and freeing the farmers from these tasks. Remote sensing and Earth observation (primarily satellite-based but also drone-based), as well as by terrestrial technologies both for communications and positioning have also a key role.
Robots or autonomous tractors are further improvements of this approach. They are navigating autonomously through the field using video combined with radar and lidar (Light Detection and Ranging) for object detection and avoidance and high-accuracy positioning to have very accurate precision in their tasks. 

This could allow as well to bring high precision agriculture to smaller environments than large fields such as greenhouses and polytunnels. Indeed, beside the control of large machine and systems, very high accuracy positioning is also needed for handhelds devices (e.g. tools) and small robots used in agriculture. Related positioning technologies should therefore be compatible with a wider spread, targeting also small UEs, deployed in diverse environment of the 5G positioning area.
5.3.x.2
Pre-conditions

Each of the farm’s equipment and machines is equipped with a 5G communication module and at least one 5G positioning module. The modules are functionally integrated in a Navigation and Communication Unit. Some of these Units can be handheld, associated to handheld equipment or to portable tools.
Some of the farm’s equipment and machines are equipped with an automatic guidance system, automatic tracking and VAR technologies.

All machines involved in the farming operation can communicate, coordinate and share information such as their position among them.
The positioning module can use a combination of 3GPP technologies and non-3GPP technologies for both absolute and relative positioning, and non-3GPP positioning for ultra-high accuracy absolute positioning (typically 10 cm or below). 
Examples of the positioning technologies include, but are not limited to, GNSS (e.g. BeiDou, Galileo, GLONASS and GPS) augmented by data and corrections for ultra-high accuracy positioning, Terrestrial Beacon Systems, etc.

The environment of use is primarily outdoor rural.
5.3.x.3
Service Flows

A farmer is using the mount computer of his tractors equipped with an automated steering system in order to improve dedicated driving tasks such as auto-steering, overhead turning, following field edges and overlapping of rows.
The farmer can monitor and control, at the same time, multiple tractors rolling across the field. 
The farmer can enable automatic steering of the farm equipment allowing the farmer to engage in core agricultural tasks.

When the soil needs to be planted or spayed, the farmer chooses the assisted steering system to follow the way in the field his action while still steering the wheel and he chooses the automatic steering system when he wants take his hands off the wheel and concentrate on the planter, sprayer or another equipment. It is combined with an intelligent guidance system which provides different steering and guidance patterns depending on the shape of the field.
The tractors could navigate within the field with accuracy of typically 2 cm and the entire field could be planted this way.

5.3.x.4
Post-conditions

The high accuracy farming system accesses efficiently to very accurate information relating to the position and behaviour of the equipment, machines and vehicles involved in the farming operations. This allows the system to support the farming operations and increase significantly their capabilities (savings, use of less agrichemicals, increased productivity, improved traceability, etc.).

Finally, the data is stored and made available to support traceability of the farm products and support the demonstration of compliance to applicable regulations. Thanks to analysis of big databases (may be several years of data), the high accuracy farming system is able to build valuable information for the long term and support the farmer in future planning.
5.3.x.6
[Potential] Requirements

The 5G system shall be able to provide very high accuracy absolute positioning service with a horizontal accuracy better than [0.3] m, an availability of [99] % and a latency better than [10] ms for UE moving at speed up to [50 km/h] outdoor (primarily rural environment).
The 5G system shall be able to provide the UE’s horizontal speed with an accuracy better than [0.5] m/s and the UE’s bearing with an accuracy better than [2] º with an availability of [99%], for UE moving at speed up to [50] km/h outdoor.

The 5G system shall be able to support the combination of 3GPP positioning technologies with non-3GPP positioning technologies.
The 5G system shall be able to process position-related information originating from different position sensors located in different places of the object hosting the UE.

UEs shall be able to share positioning information between each other.

The 5G system shall be able to report the position-related data incoming from the different sensors and from the UEs to an application server.
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