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1
Introduction

The new SI of “Mobile relay for E-UTRA” was approved In RAN #53. Whether to change the PCI of the mobile relay cell has been identified as one of the key issues for the design of mobile relay node. In this paper, we discuss and analyses the PCI handling issue as well as potential solutions.
2
Discussion
Mobile Relay Node (MRN) is typically mounted on the top of a train and serves the UEs inside the carriages. As the train moves across the cells along the railway, the PCI of the MRN cell may collide with the neighboring cells served by the eNBs along the track or the mobile relays mounted on the other trains that may meet somewhere

So how to avoid the frequent change of the MRN cell’s PCI is a critical issue that greatly influences the performance of the mobile relay. Generally to say, there might be some potential solutions described as follows:
1. PCIs exclusively reserved for mobile relay nodes
One possible approach is to reserve some PCIs exclusively assigned to the MRN cell by static network planning. The MRN keeps this PCI unchanged even when the MRN performs handover between neighboring DeNBs along the railway. Thus the PCI of an MRN cell will not collide with any macro cells along the railway. Through careful network planning, distinct PCIs can be assigned to the trains which potentially meet somewhere. So the potential PCIs collision between the MRNs mounted on trains is prevented as well. 
However, there are still some issues to be taken into account. First, the distance of a one way trip for a train may be up to one or two thousands of kilometers. A train may meet with dozens of, even more than one hundred trains on the way or at railway stations. There may not be so many PCIs exclusively reserved for all the trains that might meet somewhere. Only 504 unique PCIs are supported because of compatibility with legacy network. And it is also a tough thing for the railway companies to handle. Because they have to very carefully schedule the trains. For example, if the train formation (car composition of a train) is changed (some carriages are re-grouped into another train), or the route of a train is changed, the PCI of the MRN mounted on the train may have to be carefully updated as well to avoid the potential collision.

The high penetration loss of the radio signal through the well shielded carriages is helpful to prevent the potential PCI collision. However, the penetration loss is different for different trains with the different structure. The penetration loss of the window is less than the other part with metal shield. For example, the penetration loss of the window of CRH2 (China Railway Highspeed) is just about 3dB. Furthermore, when the doors are open at the station, the penetration loss does not help to prevent the potential collision any more. Considering there might be more than 10 trains stopped at a big railway station, the reserving method may be not easy to handle the issue. 
2. PCI changed once a potential collision is detected
As above described, the MRN mounted on a train may collide with other trains running in the opposite direction or stopping at a railway station. The potential collision does not frequently happen. So another possible solution is to change the PCI occasionally only when a potential collision is detected. An MRN is typically mounted on the top the train. By receiving the downlink signal from the donor cell or the neighbor cells, it would be easier for the MRN to know if there is a neighbor cell that has the same PCI as the cell served by the MRN itself. Once it is detected that the same PCI is assigned to a neighbor cell, the MRN will try to find a PCI for the serving cell. The new PCI may be obtained by OAM signaling or picked up from a range of PCI values reserved for the MRN. 
3
Proposal
Proposal 1: RAN3 is suggested to study the PCI collision issue further.  It is proposed to capture a new requirement in the TR:
“PCI collision should be avoided at the railway station between MRN PCI and PCI of neighbouring eNBs.”
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