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1
Introduction

In this paper we discuss the issues identified so far for the PCI handling of mobile relays and propose a possible solution which is based on keeping the PCI within the moving train unchanged, which requires some pre-planning of the PCI usage, at least for the stations.
2
Discussion
Changing the PCI for the mobile relay’s UEs has been identified as an issue because the UEs will loose their connections and have to re-connect to the mobile relay node which might impact the service. Main reason for changing the PCI is to avoid PCI collision which may occur when the PCI of the mobile relay node is also used by any neighbour eNB along the route of the train.
A possible solution is to avoid PCI collisions at all by proper network planning [1], [3]. This is possible because the train’s route is known to the operator in advance and PCI values not used for eNBs along the railway track could be assigned to MRNs on trains. Furthermore, any newly deployed node along the track will be subject to network planning. 
As it could be safely assumed that trains running towards the same destination will never meet nor overtake each other, except in very rare cases, the same PCI value could be assigned to those trains.

An in depth analysis is necessary to consider the case when two trains running in opposite directions meet each other. Generally the signals from the mobile relay node(s) in each train suffer twice the penetration loss before it could be received by an UE in the opposite train. 
Firstly, when assuming the scenario for high speed public transportation with “High penetration loss of the radio signal through the well shielded carriages” [3], it might be concluded that PCI collision is not a problem in case two trains using the same PCI pass each other because of the high penetration loss. 
Secondly, in case the high penetration loss is not achieved, e.g. due to the construction of the carriages, then at least trains going in opposite direction should not have the same PCI value assigned.

Principle:
At least two different PCI values need to be reserved for the trains going back and forth between two destinations (head-end stations). The assignment should be done in a way that all trains running into the same direction use the one of these PCI values and trains going the opposite direction use the other PCI value.
In a station the doors are open to let passengers enter or leave the trains, hence the penetration loss, if significant at all, does not help anymore to avoid PCI collision. However, each train has only a limited number of neighboring trains when stopping in a station. Even more, these neighboring trains might be either the train going into the opposite direction or trains running between other destinations. According to the above described principle to assign two PCI values for trains running between different pairs of head-end stations, it seems not be to extremely difficult to set aside pairs of PCI values which can be used collision free even when the trains meet in a station. 
There is, however, an administrative procedure necessary the change the PCI value, before the train starts travelling in the opposite direction. Assuming that this is to be done at the head-end stations only, few or even no UEs will experience the PCI change once performed.

Conclusion:
There seems to be no problem avoiding PCI collisions by proper network planning to cover also the case when the trains from various directions meet at train stations. A simple solution is to reserve few PCIs for mobile relay nodes, especially as there is no need seen to have individual PCI value per train but only different PCI value for every train that is expected to be in the same station at the same time.
3
Proposal
For moving relay nodes, suggested for use in high speed public transportation scenarios, PCI collisions can be avoided along the complete route of the train by reserving few PCIs for the mobile relay node(s) on board of these trains. Performing proper network planning these PCIs for trains running between different destinations could also avoid PCI collision when those trains meet each other in the same station at the same time.

Proposal 1: The issue of PCI collisions with mobile relays can be solved by reserving few PCI values for mobile relay nodes based on proper network planning.
References

[1]
R3-112553 ZTE; Considerations on the scenarios for mobile relay

[2]
Post RAN3#75 e-mail discussion #10 “mobile relay architecture options with starting point R3-120423”
[3]
R3-130259 Alcatel-Lucent, PCI Collision Issue for Mobile Relay
