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1 Introduction

The mobile relay has been considered and scenarios are proposed by several companies in the relay study item phase [1], however, in Rel-10 relay work item, it is kept as low priority as there are some concerns about its requirements and complexity [2]. In this contribution, we propose this requirement and consider that some further study for supporting this kind of relay could be performed.
2 Discussion

2.1 Background

As planned by Chinese Government, a huge amount investment would be provided to the railway construction in a few years. And as far as 2012, 12500km high speed railway which is an accumulated amount will be finished and put into service, while about 6500km high speed railways support 350km/h, and others support 250km/h. Within these railway constructions, the most famous one between Beijing and Shanghai will also be put into service in 2012, with providing the speed of 400km/h. That means it will spend only 5 hours from Beijing to Shanghai. As estimated by government, the bi-direction passenger flow volume will be about 160 million per year. 

From operators’ point of view, how to provide continuous services for mobile users on high speed trains is a significant issue. Because, during this trip, passengers may hope to use the corresponding communication services, such as making a phone call, accessing to their email address, and even viewing some video streaming. Furthermore, the high speed train also needs to keep communicating with central control system when it is under travelling; therefore, part of the capacity should also be kept.
2.2 Challenges of railway covering
As we have analyzed, some issues will be brought by the high speed railway transportation, and some are mentioned as follows. 

[1] The effect of Doppler frequency shift will cause some troubles when the speed of train is higher than 250km/h. The effect of Doppler frequency shift is produced by moving of the UE, and is directly proportional with the UE’s velocity. For example, the maximum Doppler frequency shift for LTE system working on 2.3GHz is 745Hz when the speed of train reaches 350km/h. This will cause significant inter-carrier interference, bring negative impact to the channel estimation accuracy and demodulation performance on the receiving side; consequently the data transport capability of physical layer will be reduced. Furthermore, when the UEs move from coming towards to leaving the base station or vice versa, the frequency shift will be reversed from positive to negative or from negative to positive, therefore, higher requirements for recovering from this effect is proposed for both base station and UE. The higher speed of UEs moving, the more Doppler frequency shift reversal.
[2] There will be about 20~30dB penetration loss for the signal transmission when passing through the carriages of the train. The penetration loss is increased with the velocity of the train due to various material for making the carriage. When the train has a speed of 100km/h, the penetration loss is about 10~14dB, and when the speed of train increases as 350~400km/h, the penetration loss is about 20~30dB. The amount of transmission loss can be seen as one of the key aspects to degrade the capability of high data rate transmission and the user experience.
[3] The handover success rate will drop significantly because of the signalling congestion and limited time for measurement. Different UEs will have different experience on the handover success rate; however, the general rate of successful handover is degraded significantly when the speed of users increases. As we performed a measurements on the railway between Beijing and Tianjin, the average handover failure rate increases from 0.3% for normal train to 3.2% for high speed train, and this greatly influences users’ experiences. The reason for this issue is that firstly the time for measurement is limited, and secondly the signalling from different UEs for handover and TAU are too serried in a short period.
[4] Operators with different types of base station, e.g. GSM and UMTS, may need to construct several types of system along the railway for supporting all these service in the train, which leads to high cost for the railway deployment.

2.3 Current railway covering methods

Although there are some mechanisms for supporting the communication for railway transportation, not all issues listed above could be solved. For example:

[1] Covered by outside base station
In this case, UEs in the trains are directly served by the base stations deployed along the railway with some deployment optimization. Although some gain could be obtained from base station, not all the issues mentioned above could be solved well. 
· Extra effort is still needed on both network side and UE side to overcome the negative impact of the Doppler frequency shift, it’s even hard to upgrade the UE for further enhancement;
· Transmission penetration loss is still there, no improvement on UE battery life and detection performance aspects;
· High handover success rate can not be guaranteed;
· In any case, operators need to pay the effort on dedicate network planning and optimization on each radio access system along the railway, e.g. GSM/UMTS/LTE. The CAPAX and OPEX of operators will be greatly increased.
[2] Adopting the amplifier

In this case, an amplifier is deployed on a train, which receives and forwards the radio signal between UEs on the trains and base stations deployed outside along the railway. Penetration loss could be solved while more noise is increased and amplified; however, the handover issues could not be solved. Furthermore, it is still required to build different types of base stations along the railway.
2.4 Benefits of mobile relay

For solving all these issues well, we consider the concept of mobile relay, which is proposed in relay study item, is a good idea. The reasons are as follows:

[1] The upgrading for solving some issues, e.g. Doppler frequency shift, is between the mobile relay and base station, and has no impact on the UEs. As network equipment, the design limitation of the mobile relay in terms of size, power consuming and overall cost will be relatively relaxed, in this case the implementation of hardware component and advanced algorithms for higher data transmission efficiency can be possible. It’s easier to improve the efficiency of radio resources and data rate, the requirement of user experience on the application relying on higher data rate transmission could be satisfied;

[2] Handover and signalling congestion issue could be well solved by mobile relay, since there are only one or several UEs moving from base station point of view;

[3] The CAPEX and OPEX of operators could be greatly saved, since only one LTE backhaul system may be sufficient.

[4] It’s more flexible and feasible to enhance the transmission capability between the relay and base station to support higher capacity of the UEs.

Based on the above analysis, 

Proposal: The mobile relay is proposed to be considered for RAN’s further study.

3 Conclusions
In this contribution, we analyzed the issue brought by the high speed train, and candidate solution is proposed for further study. The proposal is as follows:
Proposal: The mobile relay is proposed to be considered for RAN’s further study.
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