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1 Introduction

RAN #53 has approved a new SI about mobile relays [1]. Mobile relays are often pictured as a possible solution to address service requirements to users on high-speed vehicles, such as high-speed trains [2]. As a matter of fact, installing relays on moving vehicles, providing group mobility, was one of the use cases presented when relays were first discussed
 [3].
Summarizing as per [1], RAN3 should:
· Identify the target deployment scenarios first;

· Identify the key properties of mobile relays and assess their benefits over existing solutions in fast-moving environments:

· Evaluate suitable architecture and procedures (including “higher layer considerations”, e.g. group mobility, in comparison metric).

RAN3 shall ignore aspects of the problem that are outside its scope, such as Doppler spread and radio protocol aspects.

In this contribution we propose a general analysis of the scenario addressed by mobile relays, and we try to derive a comparison metric and a possible strategy for RAN3 for this SI.

2 The Scenario
Statements of interest made so far include [2]:

· Railway lines built out between large cities far apart;

· Railways passing through areas with extremely low population and traffic densities;

· Maximum train speeds in excess of 250 km/h.

We assume that several hundred passengers can ride on each train.
3 Available Solutions to the Given Scenario

It is interesting to note that the scenario given in Sec. 2 is not entirely new. High-speed trains have been deployed in several countries, often competing against air travel for business customers, hence requiring seamless high-speed data services on board.
In this section, we list possible solutions which can be already available, to the given scenario.

3.1 Dedicated Deployment

The fact that the railway line in many cases passes through rural areas with very low population density is a critical factor: the access and backhaul deployed in those areas, may not be adequate to provide the traffic capacity required by UEs riding on trains. On both CP and UP, the passage of each train through the existing infrastructure causes high traffic bursts, which are highly problematic because of their high concentration in intensity and time. Furthermore, without dedicated coverage on tracks, subsequent upgrades to the local macro networks due to local increases in traffic would also have to take into consideration the additional traffic due to the UEs on trains, adding more uncertainty and adding to the CAPEX for that area.

Already today, operators who want to cover high-speed train lines deploy dedicated base stations and backhaul to cover just the railway tracks with directive antennas, thus addressing radio layer issues and enabling a dedicated path for all train-generated traffic. This will be beneficial when passing through both rural areas where coverage is scarce, and cities where local traffic is already high. Furthermore, the added eNBs will also improve general network performance around the tracks – a very desirable effect also in urban areas.
A particular type of deployment can involve transmission points with high and low power, i.e. HetNet deployment. When targeting fast-moving vehicles, it seems appropriate to deploy high-power nodes together with low-power nodes. In order to reduce the signaling load due to frequent handovers, the high-power nodes with large coverage areas can be configured as the serving node. Low-power nodes can be added in order to improve capacity and to provide high data rates. Depending on the actual network setup, different approaches could be possible, such as:

With Carrier Aggregation (CA) – The primary component carrier (PCC) can be transmitted by the high-power node, whereas the secondary component carrier (SCC) can be transmitted by the low-power node. Cross-carrier scheduling from the PCC can reduce the signaling load due to handovers of the SCC. Transmissions on the SCC can offload the PCC, leading to improved capacity and high data rates. In addition, when using inter-band CA, the PCC can be transmitted on low frequencies for even larger coverage and the SCC can be transmitted on high frequencies for extensive frequency reuse.  

Without CA – A macro eNB (high-power transmission point) can be extended by low-power transmission points such as remote radio units (RRUs). When sharing the same cell ID, the closest RRU can serve the train without the need for handovers between RRUs belonging to the same macro cell.
3.2 Mobile L1 Repeaters
L1 repeaters amplify and forward signals in a certain frequency band. If the TX and the RX antennas are sufficiently isolated (i.e. inside vs. outside the train), repeaters can transmit the amplified signal on the same frequency as the received signal. Since repeaters do not re-generate the received signal, they are particularly useful when deployed at positions with advantageous SINR: in public transportation, such as trains, buses or taxis, repeaters with an indoor and an outdoor antenna will have good channel conditions towards the UEs for improved uplink and towards the network for improved downlink. In addition, such repeaters overcome the problem of the penetration loss through a wall or window. Being connected through a L1 repeater, UEs can reduce their transmit power, thereby increasing battery life. Repeaters can improve SINR in general, allowing for higher signaling capacity and improved channel estimation. L1 repeaters are transparent and do not have an impact on radio interface standards, and can be available for both FDD and TDD. It could be argued that a L1 repeater would have most of the advantages of a mobile relay, without the additional cost and complexity in terms of architecture.
4 Comparison Metric

In the scope of the SI, and in order to assess the benefits of mobile relays over other available solutions, we propose to use the following metric to qualitatively compare the various solutions:
· Impact on existing network architecture;

· Impact on existing relay architecture;

· Impact on signaling;

· Impact on traffic management;
· Impact on UE energy consumption.

We note that the impact on existing network and relay architecture is a particularly critical area, since supporting mobile relays will most probably require major changes to the current relay architecture, involving substantial effort and the potential “forking” of the architecture itself.

5 Conclusions and Proposal
We have presented a couple of possible alternatives to mobile relays to be considered in the scope of the Rel-11 SI. We feel it is beneficial to consider them in the study activity, because they address the same problem that mobile relays propose to solve, they are already available with today’s technology, and they have most of the advantages of mobile relays and can prove beneficial to the deployed network in other respects. We have also proposed a possible metric to compare the various solutions considered in the SI. We propose:
Proposal 1: RAN3 should consider dedicated deployment and L1 repeaters as viable alternatives to mobile relays, for inclusion in the study activity.

Proposal 2: When comparing the different solutions to the problem of fast-moving UEs on public transportation, RAN3 should adopt the metric presented above.
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