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1. Introduction

RAN #53 has approved a new Study Item [1] on high speed public transportation. The main targets are to enhance QoS offered to users located inside high speed vehicles in terms of throughput and hand-over success rate.
Along with scenario discussion, it seems beneficial to clarify the issues high speed vehicles use case can raise. The contribution describes a typical scenario of a high speed train (TGV, Shinkansen or equivalent) in a rural area, and provides some figures on typical handovers rate and load the cellular the network would have to cope with to support the mobility of users located inside the vehicle.

2. Discussion
For the railway network, we assume a deployment of 3GPP type rural macro as depicted in Figure 1., with a cell radius R of 1000 m and an Inter Site Distance (ISD) of 1730 m, along a high-speed railway. The overlapping zone r is then 270 m long in its larger part.
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Figure 1: A typical scenario
The TGV Eurostar in Europe is 393 m long, moves at speed reaching 300 km/h and may carry 784 passengers. The Shinkansen in Japan has similar characteristics, with 480 m long, 300 km/h of commercial speed, and 1300 passengers.
The time such a train of length L running at speed v takes to cross the overlapping zone r between two cells can be computed as
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This crossing time 
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is about 9 seconds for the Shinkansen at commercial speed. During this time, the base station will have to hand over all the active UEs aboard the train. Assuming the train embarks 1000 passengers, and that 20% of them are active (with voice, video streaming, web browsing application types), this means 200 handovers have to be done in 9 seconds, i.e. the base station will have to cope with an average number of 22 HO/s during the crossing time of the train.

The 'restful' time, i.e. the time between two handover areas, corresponds to the time between the point where the train is completely out of an overlapping zone, and the point where it reaches the next overlapping area. The corresponding distance is
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.  Taken figures from our typical scenario and for the Shinkansen case, the duration between two handovers bursts is around 12 seconds.
Due to the degraded radio performances at high speed, a better SINR is required to get an acceptable throughput compared to a low speed terminal. A denser cell deployment could be necessary to achieve an acceptable QoS to be offered to train users. This would strengthen the constraints on handovers frequency.
3. Conclusion 
This contribution provides some figures about handover requirements in case of high speed trains. Along a railway, we can expect every 12 seconds a burst of handovers of 22 HO/s during 9 seconds. From this analysis, group handovers mechanisms would be beneficial.
These figures are really rough computations, but provide an order of magnitude of signalling issues raised by high speed trains, and actual constraints are likely to be more stringent. They should be taken into account when assessing the different technical solutions.
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