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1 Introduction

Smartphones are ubiquitous. In 2011, smartphone penetration by volume was reported at 63% in North America and 51% in Europe [5]. In the same year, China has been reported to have overtaken the US as the largest market for smartphones by volume, with a very strong growth trend. If to these smartphones, which are mostly Wi-Fi enabled, we add the recent “feature” phones with Wi-Fi capabilities, we obtain a quite sizeable number of users that can be served using Wi-Fi. Arguably, these users will be the majority in the near future, and it might make sense to give them closer consideration. In some particular cases the user experience might be better with Wi-Fi than with another RAT. Data access on board a high-speed train traveling through rural China, might be possibly one such case.
Several architecture options are currently discussed in [2], all revolving around the concept that a mobile relay should be more or less related to a Rel-10 fixed RN [3]
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[4]. In this contribution we propose an alternative to the mobile relay architectures currently discussed in RAN3, which could be worth considering in light of the above facts. The alternative we propose could also have additional benefits for the operator with respect to the mobile relay architectures currently discussed, as well as a much lower cost.

2 Proposed Solution
The proposed solution is shown in Figure 1 below. The wireless node mounted on board the train connects as an LTE UE to the eNB, and provides coverage on board as a Wi-Fi AP. All UEs on board could use this node for data connections or VoIP calls, while continuing to use the existing 2G RAT (whose air interface is more robust for high train speeds anyway) for voice.

In terms of node architecture or required hardware, such a solution requires very little or no additional technology with respect to what is available today. With the possible exception of some optimized outdoor antenna system for the LTE backhaul link, the node on board could even be built with commercial off-the-shelf components.

In terms of applications, the same captive portals, authentication, payment systems, etc. that operators commonly deploy at stations, airports, and other public Wi-Fi hotspots could also be deployed on board with absolutely no change. This would give customers the same service experience. Another benefit of Wi-Fi access would also be the possibility to locally terminate on-board services. A range of special on-board services (entertainment, meal ordering/reservations, navigation, external webcam views from the cockpit, etc.) could be offered directly to user terminals without going through the CN or having to set up a local breakout, as would be needed with other architecture alternatives. In fact, such on-board services might offer a good “incentive” for users to switch to Wi-Fi data access once on board the train. And of course, any integration mechanisms between Wi-Fi and mobile access, which the operator might deploy in the rest of the network, could also be leveraged in this case.
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Figure 1 The node on the train (shown in blue) connects to the eNB as an LTE UE and provides Wi-Fi connectivity on board.

Let us now briefly consider this solution against the goals of the Rel-11 mobile relaying WID. According to [1], a mobile relay should provide at least:

1. Wireless connectivity to end users on board;

2. Wireless backhaul to the stationary network;

3. Group mobility functionality;

4. The possibility to allow different air interface technologies on the backhaul and the access links.

Our proposed solution certainly complies with points 1, 2, and 4. It provides wireless connectivity to users on board while providing wireless backhaul to the stationary network and it allows different air interface technologies on backhaul and access links. In fact, it also enables any Wi-Fi only devices to use the LTE network as backhaul for their data connections. With respect to point 3, the on-board wireless node does not strictly provide group mobility, because the wireless coverage on board is unaffected by the train movement. In a broader sense, though, what is provided to on-board users is a sort of group mobility because the bundle of all data connections is transferred at every handover of the LTE UE backhaul.
3 Conclusions and Proposal
We have presented a possible alternative to the mobile relay architectures currently discussed in RAN3. This solution would require no standardization effort, could be readily deployed with available technology, could enable operators to reuse their existing applications for public Wi-Fi hotspots, would easily enable a whole range of dedicated on-board services to users, and would most probably cost less than a mobile relay built according to any of the other architectures being considered. The terminals which are addressed by such a solution are a very sizeable number already today, and will arguably be the vast majority in the near future. For this reason we think it is beneficial to include this solution in the mobile relays TR.
Proposal: Consider the solution with LTE backhaul and Wi-Fi access as a viable alternative to LTE-A mobile relays, and include it in the TR.
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