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Abstract: Several aspects of the wagon tracking use case are addressed in this contribution to bring the use case into alignment with the SA1 objective of producing a high quality TR with no overlap to other TRs and focused on developing useful new 3GPP system requirements.
The specific text changes fall into the following topics:

1) In order to remove redundancy with TR 22.866, it is proposed to remove the text related to multi-hop UEs as the inclusion of these aspects results in no new potential requirements to TR 22.836 and the unnecessary text in the use case will lead to significant downstream confusion.

2) The table in 5.2.6 is clearly labelled as potential requirements.

3) An Editor’s note is added for potential requirement 5.1.6-1. As currently written, it is not very helpful for downstream groups to understand what 3GPP is expected to support. For example, battery life is subject to many variables, not least of which is the battery technology itself. As a requirement on the 3GPP system, it would be more useful to clearly express what the system is expected to do to minimize impact to the battery life. As currently written, RAN could well respond that the requirement can be met by the container owner using a better battery. 
Proposed text changes:
5.2
Use case for Wagon Tracking
5.2.1
Description

Wagon tracking and real time wagon fleet monitoring are essential part in the supply chain management. It contributes to optimize the fleet and maximizing the wagons and rolling stock use by reducing immobilization time and empty backhauling as well as providing better response to delays and stock shortage. It allows as well to design preventive and curative maintenance by measuring for example the full and empty kilometres or detecting shocks.

A freight train is comprised of one or several locomotives and several freight or goods wagons. The freight wagons can be of different variety of wagon types depending of types of goods transported such as open wagons, covered wagons, refrigerated vans, spine cars to carry intermodal containers, tank wagons, special purposes wagons (to carry coal, mineral or sand for example), …
These wagons need to be in a specific order to compose the train for example to avoid to put empties or light loads at the head end and heavy loads on the rear end but also based on different railway operator rules.

Most of the freight trains are running an average speed of 50 to 80 km/h depending on the curves of the tracks, the hills, the cargo and the length of train and usually are not going over a speed of 100 km/h (dependency on the country regulations).

A typical freight train have a length of 700 m to 1 km and are composed with between 70 to 120 freight wagons of 40 feet and some of the wagons can be double stacked. Some freight trains have even reached the length of 7 km and were composed of 600 wagons and 8 locomotives.

Each wagon need to be monitored and tracked by its owners as well as by the freight railway operator managing the train. 

The whole duration of life of a freight wagon varies from 20 years to 30/40 years and even 50 years depending on the type of wagon.

This use case describes a typical example of wagons attached together and how future 5G System can help support the tracking of these wagons in an efficient energy-saving approach.

5.2.2
Pre-conditions

Each wagon to be tracked is equipped with a battery-powered IoT type UE including a 5G communication module. Depending on its content and its purpose (nature of the goods transported), the wagon is including different sensors and is able to detect critical events (physical shocks, door opening, temperature, dislocation…) as illustrated in figure 4.
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Figure 4: Different sensors managed in a wagon
The battery-powered UE should be able to operate for a period of 20 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 goods and the supply chain associated, the wagon 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 station for example). Additionally, based on non desired events such as shocks or door opening, the wagon can send an alarm to inform of the event. The conductor of the locomotive may need to be informed of such event to trigger right answer.

A locomotive can be equipped with a gateway including a 5G communications module that can communicate to satellite access networks.
The size of the data payload containing the status information related to a wagon can be up to 2500 Bytes. This size depends as well as the service level required by the carried goods (refrigerated vans with perishable goods for example are providing more data based on various additional sensors than a wagon for mineral transportation).

The 5G system is interfaced to an application server (e.g. Wagons Tracking Management System). The payload size and the periodicity by the application are defined according to the context expected.

5.2.3
Service Flows

A freight train is composed of 19 freight wagons of different varieties and usages. Each wagon has been tracked individually to be placed in a certain order in order to compose the train. Not all wagons may be equipped with an UE.

One of the main challenges is to communicate the information to the conductor as well with the WAN network on such a length and as the UE attached to the wagon can be in different places depending on the type of wagons. This needs to be done while still optimising the battery level of the UE attached to wagon as well as the fact that part of the train and some of the wagons can be in a tunnel where the propagation of the signal is limited. Another challenge is to communicate the information in a relative short time to allow the conductor as well as the train operator to react appropriately: 15 minutes from the time there is an event detected and the event is communicated to the locomotive.










All the communications need to be secured and only wagons that are part of the train composed are allowed to communicate between them and with the gateway of the locomotive.

5.2.4
Post-conditions

All wagons have provided their data, with minimal impacts on their battery and they are ready for their next travel(s). Once a travel is finished, the cluster is disabled and the wagons are detached and decoupled from the train and can be tracked separately.

5.2.5
Existing features partly or fully covering the use case functionality
	Reference number
	Requirement text
	Comment

	5.2.5-1
	The 5G system shall be able to support an end-to end secured link between the UEs (wagons) and the wagon Tracking Management System.
	

	5.2.5-2
	The 5G System shall be able to support the request from the wagon Tracking Management System to the UE (wagon) to provide its status and tracking information periodically with an update rate ranging from one status every [60 minutes] to one status every [24 hours] (i.e. 24 messages to 1 message per day).
	

	5.2.5-3
	The 5G system shall be able to support terrestrial and non terrestrial (satellite) access networks.
	

	5.2.5-4
	The 5G system shall be able to support a continuity of the service through network slicing including roaming.
	


5.2.6
Potential New Requirements needed to support the use case

	Reference number
	Potential Requirement text
	Comment

	5.2.6-1
	The 5G system shall be able to support a [20] years’ lifetime of the service without changing the UE or the battery of the UE. 

Note: 
This assumes a message of 200 bytes every hour (24 messages a day) with a battery of capacity of 21,6 Wh.
Editor’s Note: This requirement needs to be written to clearly express what is expected of the 3GPP system in order to minimize impact to battery life.
	


