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Abstract: The present document provides the necessary insight how rail communication works when trains crossed the border. In detail it addresses the reachability of certain functions e.g. train driver, train staff etc.
1. Basic reachability concept using GSM-R
In general, the border crossing of a rail vehicle takes place according to deterministic principles and processes. When rail vehicles travel abroad, the vehicle continues to be managed by its owner, but follows the control and security mechanisms and control infrastructure currently in use in the destination country.
Accordingly, the accessibility of the communication infrastructure of a train vehicle in the destination country have to be the same as in the country of origin. In using GSM-R or even EIRENE SRS, there is a harmonization of identifications for different purposes e.g. train driver, conductor etc. With the use of meaningful digit combination within a functional identity, the dispatcher can call up specific functions in the vehicle without knowing the E.164 number/MSISDN, e.g. 1st engine number or 2nd engine etc. (see EIRENE SRS latest version, can be found in the internet). However the use of engine number as functional number (permanent association with the MSISDN is the only addressing anchor point for a rail dispatcher in the home country to reach the corresponding train when abroad. Functional identities will partially change because of the country change and the corresponding change of train control but each Train Number must be unique for the period of the journey.
For example trains are operated between Germany and Switzerland. An intercity train from Berlin to Interlaken has the train number 273. When the train starts, the train driver will be reachable by 04920027301. How to interpret in detail the digits   
049
International code i.e. Germany
2
Call Type using Train Function Number (i.e. TN + FC)

00273
Train number

01
Functional Code for driver 
When the train passes the border it will release such functional number and reassign the same train number with the new international number, i.e. 041 for Switzerland, and corresponding functional code. This behaviour reflects what was early described. When changing the country the applicable controlling entity need to be assigned. One exception applies regarding the engine number which is a unique number allocated by each railway and will not change during border crossing.
Summarizing the observations entirely:
Observation 1:
The MSISDN does not change at border crossing. Train staff, driver etc. are reachable using same MSISDN(s).
Observation 2:
The functional numbers except the engine number will reassociate to the actual train managing domain but the train number and functional code remains.

Observation 3:
Engine number is also associated with an MSISDN and only the MSISDN will change the actual serving domain (PLMN) association.
Observation 4:
The use of local or home breakout is determined by the destination number.

Observation 5:
HLR enquiry procedure resolves the actual location at call establishment. It is on a call by call basis, which is very reliable in its function and information reliability.
2. Border Crossing

In general, trains in Europe are operated across several national borders. The best examples are international passenger trains, night train connections in Europe, but also the freight traffic to and from the most important ports in Europe. 

The model of the PMNOs is not very trend-setting here, since there is no charging between the Infrastructure Managers and the European Train Control System is to be used across borders without changing UEs or services. Basically, it is a pan-European network, today using GSM-R for the operation of ETCS, in the future FRMCS using 5GS, IMS and MC service system.
5GS enables handover between different domains (inter PLMN). Only changing the IP address requires an IMS re-registration. In the near future, the use of an IMS will remain restricted to the respective national borders. Only approaches to IMS virtualization across national borders can lead to retention of the assigned user IP address.
So far, the MC service system has not provided any possibility of a seamless user transition between MC systems during active communication using same profile data and same identification, functional alias, etc. Precautions must be taken here to enable this without interrupting the communication, since QoS requirements with regard to latency and transport reliability also apply during the change.
Observation 6:
IMS roaming in accordance to 3GPP TS 23.228 allows media home or local breakout. In order to meet QoS requirements in the context of media plane, home breakout might be the preferred option.
Observation 7:
IMPU remains unchanged when abroad but IP address will change which causes a reregistration and the communication will drop. At least two UEs are required with preregistration of one UE to the target domain so that an application session may be shifted to the other UE afterwards.

Observation 8:
Changes of user and network numbering should not affect operation. Only the introduction of new identifier may require changes in the routing of such number/identifies.

3. Migration

Migration from the railway's point of view describes the possibility and its functional process in which an MC service user can obtain communication services by using another MC service organization. The corresponding MC user can remain reachable while retaining the existing MC service IDs (typical roaming approach) or can be reached by accepting the MC service IDs of the hosting MC service system. Whether and how this can be done by complying with the latency and reliability requirements need to be further analysed.

If the respective MC service ID is changed, precautions must be taken to ensure that this can be done centrally in the home system of the migrated MC service user. The approach of a distributed system for updating the assignment between MC services IDs using a migration management server appears more as an additional cause of latency. It is necessary to query the respective assignment of the MC service ID primary system to MC service ID target systems using the migration management server. De facto, more than 20 migration management servers in Europe would have to track any border crossings of trains but only one train is affected per border crossing. For this reason, it is more advisable to keep the current location of the MC service user at one point and to ask for it by means of a query on a call by call basis.

As suggested, using individual methods like the "Implementation Specific" approach proposed in meeting SA6#49-bis is only partially effective in a deterministic target. It requires that more than 20 infrastructure managers have to vote on this or that implementation, which may then no longer be deterministic.

Note:
Passenger trains in Europe are operated with a passenger capacity of approx. 600-800 people. Influences on the safety of the passengers are to be avoided in every respect. This also includes rail communication. 

Observation 9:
The clause in 3GPP TS 23.280 does not explain what Migration is. It starts that it requires interconnection but description about the potential variants of migration are missing.
Observation 10:
Either keep MC service IDs or change MC service IDs is not described. You have to guess what impact it will have. It might be sufficient to include both approaches in the informative Annex.
Observation 11:
Migration is an essential subject for rail communication. It has to work with a high reliability. Approaches using "rejections" etc. are not expedient from rail communication point of view. A call must be routed without any error condition. Hence rail communication does not support such approaches.
Observation 12:
The migration management server is imprecise in its functional spectrum. It is not apparent what advantages this brings in an international interconnection network per domain. It may be that this approach has advantages in the peer-to-peer context.
Observation 13:
It is not entirely obvious how the FA alias association works especially for FA associated permanently with a MC service ID.

Observation 14:
The use of primary MC service IDs shall not lead to fact that local breakout in the “serving MC service system” cannot be used.

4. General summary

Initially, the approach of border crossings in the railway environment was described in order to gain insight. A generic assessment of the topic of roaming/migration from the rail communication was then given. The corresponding observations reflect gaps or circumstances that can lead to non-deterministic approaches in the railway environment. 
Under GSM-R conditions a change of identifiers e.g. MSISDN does not take place. The same is anticipated when MC service system is used.

Please note: Each passenger is traded with an 8-digit sum insured in the event of an accident. Imprecise communications requirements should not be the trigger for touching on insurance sums.

