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1 Introduction

In RAN#53, a study item on Mobile Relay for E-UTRAN was approved [1]. During the time for the study item, RAN3 has a role to discuss on the followings. 

· Identify the target deployment scenarios first
· Identify the key properties of mobile relays and assess their benefits over existing solutions (e.g. L1 repeaters) in fast-moving environments
· Evaluate suitable mobile relay system architecture and procedures
Regarding this, several discussions were made in the past meetings. In this contribution, we would like to provide some additional considerations on mobile relay. 

2 Discussion
In the future, telecommunication services should be able to provide users with high quality, anywhere, anytime. However, when considering a scenario with high speed public transportation, telecommunication technologies cannot provide high quality of mobile services to the users using such transportation. Due to doppler shift & spread effect, fast fading, wall loss, and several other reasons, the users using such transportation experience significantly decreased quality of service (low QoE) compared to users that are static or moving with low speed. By 2020, it is expected that 100 billion devices would be connected to the internet and the mobile data traffic would be increased by 1000 times more than the current amount. Also, the need of high quality service in high speed (group) moving environment is gradually increasing.
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Fig. 1 Mobile relay network

To satisfy such needs from users, exploiting and enhancing mobile relay schemes have been discussed [2]. Also, the discussed schemes are considered to be operated within the cellular bands. Although, this brings up some benefits, the defects of it should also be considered. The possible shortcomings of using the cellular band for mobile relay purposes are as follows. 
1. Cost is high for occupying additional bandwidth within the cellular band
2. When moving in high speed, the spectral efficiency significantly drops (∵ negligible gain from MIMO)
3. Difficulty in providing real-time high quality service due to limited bandwidth
Due to such shortcomings, a new solution that can provide high quality services with low cost should be considered. Regarding this, we propose to consider the usage of techniques that operated beyond the cellular bands. One representative example would be using the super high frequency/extremely high frequency (SHF/EHF) band [3][4] which operates in the 3-300 GHz spectrum. The advantage of using the SHF/EHF bands instead of the cellular bands would be the followings [4].
1. Vast amount of spectrum in the 3-300 GHz range remains underutilized except Wi-Fi bands
2. For the same aperture areas, higher frequencies do not have any inherent disadvantage compared to lower frequencies in terms of free space loss

3. Narrow beams at the transmitter and receiver will significantly reduce angular spread of the incoming waves, which in turn reduces the Doppler spread
In other words, using bands other than the cellular band has a potential of bringing more benefits for mobile relay.
Proposal 1: The backhaul link spectrum for mobile relay should not be limited to the cellular bands.
When considering the usage of other bands than the cellular one, the availability of LOS and related problems should be clarified. For example, when using the SHF/EHF as an alternative transmission method, due to its characteristics, LOS should be guaranteed for proper operation of mobile relay. Thus, the topology of it would be another issue to be considered.
Proposal 2: When considering the usage of other bands, the study on topologies that can guarantee LOS should be newly considered.
3 Conclusion and Proposal
It is proposed to take above discussion into account and consider the following proposals.
Proposal 1: The backhaul link spectrum for mobile relay should not be limited to the cellular bands.
Proposal 2: When considering the usage of other bands, the study on topologies that can guarantee LOS should be newly considered.
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