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Abstract: The contribution provides the description of a use case addressing the tracking of containers.
x.1
Container Tracking
x.1.1
Description

There are different sizes for containers but most of the containers have standardized sizes allowing them to be carried by boat, trucks or railway:

· either 20 feet (6,058 m) or 40 feet (12,192 m) long

· 8′ (2,438 m) wide

· 8’6” (2,591 m) tall

Most of the containers are closed and “dry freight” containers made from either aluminium or high-grade, non-corrosive and rust-resistant steel. These types of containers present doors on both ends and are mainly used for dry goods.

Beside there are also other types such as open top, refrigerated or reefer (with a power generator - used for shipment of perishable goods like fruits and vegetables), garmentainer (for clothes), tanks, half height (used especially for goods like coal, stones…), car carriers…

The duration of life of a container is generally 15 years.

The Container tracking is an essential part of the supply chain and logistics to make them more efficient. By monitoring and tracking seamlessly the container in near real-time, it allows to provide all the supply chain players and stakeholders a full traceability and to optimize the transport and the storage of containerized goods.
Any event related to a container is quickly notified and is allowing efficient analytics as well as taking related decision such as new sourcing plans if needed.
This use case describes a typical example of containers embarked in a ship and how future 5G System can help support the tracking of these containers in an efficient energy-saving approach.
x.1.2
Pre-conditions

Each container is equipped with a battery-powered UE including a 5G communication module and embedding a certain number of sensors able to monitor the internal environment of the container (accelerometer, temperature, humidity) as well as to detect critical events (physical shocks, door opening). Depending on its content and its purpose (nature of the goods transported), the container may as well have dedicated sensors (remote from the UE) such as gas detector, inside temperature (reefer)....
The battery-powered UE should be able to operate for the entire lifetime of the tracked container (10 years to 15 years) without large capacity battery packs and without being replaced during this period of time.
Depending on the service level required by the owner of the container and the supply chain associated, the container sends regular status update (could very between one every hour to twice a day – periodicity could even be set up to 1 min). The status update can be based on event (arrival on port for example). Additionally, based on non desired events such as shocks or door opening, the container can send an alarm to inform of the event. 
The size of the data payload containing the status information related to a container can be up to 2500 Bytes. This size depends as well as the service level required by the owner of the container and and the type of container and the carried goods (reefer with perishable goods for example are providing more data based on various additional sensors than a container with simple objects).
In the case of the Railway, the train engine is including a 5G communication module able to act as a gateway with the containers for the wan communications.

The 5G system is interfaced to an application server (e.g. Container Tracking Management System). At the beginning of each travel, a travel plan is set up for each container (though the UE) by the Container Tracking Management System depending on the level of service required by the customers of the Container Tracking Management System. The travel plan combined with the environment of the container will allow the container UE to be able to take some decisions such as positioning trigger, alerts/alarms set up, geofencing, key dates…
The payload size and the periodicity by the application are defined according to the context expected.
x.1.3
Service Flows

20.000 Containers are on a ship. In each container, the UE collects the data from both embedded sensors and remote sensors and aggregates it in packets to be forwarded. 
On a cargo vessel, one of the main challenges is that the containers are stocked together in large populations concentrated in limited spaces and arranged in stacks and about half of the containers are stowed under-deck where the space available for the propagation of the signals is significantly reduced. In addition, during the navigation the ship hold is isolated by a steel hatch cover which strongly limits the propagation of signals inwards and outwards. Moreover, harsh weather conditions can also degrade the performances of radio communications. Therefore, the communication is reduced and not all containers are able to communicate with the cellular network. Overall, the position of a container will vary from travel to travel. In one travel it will be in bad condition to be able to communicate while the next travel it could be in a better situation.
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In this example, Containers A, B, E & F cannot use WAN directly but Containers C & D are better positioned for WAN communication. Containers C & D can be used as relay by A, B & E through Container F (multi-hop) or with single hop to communicate depending on their battery usage.
An election scheme is put in place to define the containers (the UE) to be in charge and to share their WAN connection with the members of the cluster that has been created temporally. The election scheme is based as well on the battery status of each UE. If an UE is too low in battery it cannot managed a cluster. To do so, all UE needs to be able to listen the other UE in a very low power mode.

The UE in charge of the cluster aggregates all data from its members and sent it. The messages are acknowledged.
By doing such as scheme, the battery of each UE is optimized at maximum.

Furthermore, when the ship arrives to port, 20.000 of containers will compete for the same radio frequencies creating a non desirable temporary overload. Therefore, it is more appropriate to adopt efficient strategies to manage and distribute the traffic load in this context.
When the containers are transported by railway, the freight train can be composed with up to 120 freight wagons of 40 feet so it can include up to almost 500 containers of 20 feet in line or double stacked.

 One of the main challenges is to communicate with the WAN network on such a length as well as the fact that part of the train and the containers can be in a tunnel where the propagation of the signal is limited.

The containers are sending their status message to 5G communication module of the train engine acting as a gateway which is aggregating the messages to be sent to the Container Tracking Management System. The UE very distant from the train engine are using other UEs as relay in multi hops to communicate with the 5G communication module of the train engine.

x.1.4
Post-conditions

All containers have provided their data, with minimal impacts on their battery and they are ready for their next travel(s).
x.1.5
Potential Impacts or Interactions with Existing Services/Features

tbc.
x.1.6
[Potential] Requirements

The 5G system shall be able to support a 15 years’ lifetime of the service without changing the UE on the container or the battery of the UE.

The UE of the 5G system shall be able to communicate its battery level to the other UEs.

The 5G system shall be able to support terrestrial and non terrestrial (satellite) access networks.
The UE of the 5G system shall be able to communicate to the other UEs its status in regards of the wireless access networks communication.

The UE of the 5G system shall be able to listen other UEs in a very low power mode ([20] µA).

The 5G system shall be scalable to include an election scheme to define the UE to be in charge and to share their WAN connection with the members of the cluster that has been created temporally.

The 5G system shall be able to preserve at maximum the duration of life of the UEs by not allowing UE with a too low battery (under threshold [xx]) to manage a cluster.

The 5G system shall be able to support dynamic UE relaying between UEs including multi hop relay (up to 9 hops).

The UE of the 5G system shall be able to send Container tracking information message size up to 2500 bytes.

The 5G system shall be able to support a message size up to [22]  Kilobytes (once aggregated) in case of a UE cluster.

The 5G system shall be able to support a message size up to [xx] Kilobytes (once aggregated) in case of a gateway.
The 5G System shall be able to support the request from the Container Tracking Management System to the UE (container) to provide its status and tracking information periodically with an update rate ranging from one status every [30 minutes] to one status every [12 hours] (i.e. 24 messages to 2 messages per day).

The 5G System shall be able to support a very high density of containers in the same area (up to [30.000] containers in [21.500] m2).

The 5G system shall be able to support an end-to end secured link between the UEs (containers) and the Container Tracking Management System.

The 5G system shall be able to support that each cluster created between UEs is uniquely identified by a virtual cluster identifier and only UEs knowing this unique cluster identifier can be allowed to join it.




