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1 Introduction
In RAN3#73bis meeting, many mobile relay scenarios are discussed and some agreements are achieved [1]:

1. Mobile relay study should be based on the scenario that both backhaul link spectrum and access link spectrum belong to the same operator. It’s FFS whether the scenario in which operator A for backhaul link spectrum and operator B for access link spectrum is also studied in this SI.
2. Multi-RAT support of mobile relay should also be studied, which means to allow different air interface technologies on the access link, i.e.  LTE backhaul and LTE/3G/2G access link. 
3. Both in-band (when applicable) and out-band mobile relay will be considered in this study item. 
However, multi-RAT mobile relay scenario is not clear. It should be studied further for the multi-RAT support of mobile relay. This contribution discusses some multi-RAT mobile relay scenarios.
2 Discussion
A typical wireless access scenario for high speed train is shown in Figure 1. An access device is deployed to provide wireless backhaul for users on the train. 
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Figure 1. Scenario for wireless access in high speed train.

In general, deployment and maintenance cost are important concerns for operators. In order to know the deployment and maintenance cost for operators, one question should be clarified is that whether one access device on the high speed train can be shared by different operators. Regarding this question, there are two cases:
Case 1: Every operator deploys its own access device for multi-RAT access
As shown is Figure 2, a scenario for providing multi-RAT access to users on the high speed train is to deploy a mobile relay on the train. Besides, DeNBs are deployed along the railway to provide radio access to mobile relay and connect each RAT to its corresponding core network [2]. When the mobile relay moves across cell boundary, mobile relay performs handover in LTE network, and DeNB may perform backhaul interface updates for RATs other than LTE if necessary. In this scenario, it seems all the core networks belong to the same operator. Therefore, operators have to deploy their own mobile relay on the train and DeNBs along the railway. However, most of the area for high speed train is built in rural area. At rural area, there are few users served in a cell, but base station should be deployed along the railway to provide service.  Because railways for high speed train are usually long, it introduces high deployment cost to operators.
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Figure 2. Scenario for deploying mobile relay.
For example, 28,000 km high-speed railway will be completed in China by 2014. Typically, the radius of base station is about 1 to 1.5 km in the case of a 2G network, 500 to 900m in the case of a 3G network, and 500 to 1732m in the case of a LTE network. (Note: Cell radius for high speed train deployment would be further extended by equipping with special directional antenna or higher power PA) Assume each operator has one 2G network, one 3G network and one LTE network, three operators will need a total of 190,000 to 420,000 base stations for nine networks. Because the speed of train is high, the shortest interval between trains is 15 minutes, the speed of high speed train is 350km/h and the cell radius is 1000m, the time for camping on a cell is only 20sec. If there are 1000 users on a train and 20 % of users are active in average, the base station is in idle 97.8% in average. However, It is still required to deploy enough capacity in the base station to support two trains simultaneously (200~2000 users). Therefore, the deployment cost is high and utilization is low for every operator. According to discussions above, it can be concluded that it is not efficient if every operator deploy its own access device for providing multi-RAT access for users on the high speed train. Therefore, it should be discussed if operators can share the same access device for multi-RAT access on the high speed train and what scenario can be provided ? 
Case 2: Different operators share the same access device for multi-RAT access

There are two scenarios for multiple operators to provide multi-RAT access with same access device:
Scenario 1: Multi-band mobile repeater is deployed
Repeater is used for repeating signals between base stations (e.g. BSS, NB, and eNB)  and user equipments. Single multi-band mobile repeater can be deployed on the high speed train for multiple operators to serve their users. According to the operating bands used by each operator, some bands on the multi-band mobile repeater are configured to be used by one operator, and other bands are configured to be used by another operator. In this scenario, every operator has to deploy their own base stations along the high speed railway. Therefore, the deployment cost for base stations can not be shared. Because all user devices should perform handover for multi-RAT when train moves across cell boundary, group mobility problem has to be solved. Handover requirements for each RAT are quite different (e.g. overlapping area of two adjacent cells, time required for performing handover), different RAT should be deployed carefully to ensure that all handovers can be completed. 
Scenario 2: Mobile wireless backhaul is deployed
As shown in Figure 3, another scenario for operators to share same access device is that a multi-RAT access unit (MAU) is deployed in high speed train. In the MAU, a LTE-UE-like device is equipped to be served as a mobile wireless backhaul and multi-RAT BSs are connected to the MAU or installed in the MAU. In this scenario, the antenna of MAU can be mounted outside the high speed train for solving the heavy penetration loss caused by the train body. When the train moves across cell boundary, only the LTE-UE-like device in the MAU performs LTE handover, user devices on the train are not aware of the handover. Therefore, group mobility issue can be avoided. In this scenario, the LTE network served as a backhaul link can be deployed by one operator or railway company. If other operators intend to provide service on the high speed train, they can only install BSs in MAU and VPN can be used for connecting their own BSs to the corresponding core network. Because only one LTE network is deployed as the mobile wireless backhaul, the deployment cost can be shared by operators. In this scenario, all operators can share the same MAU and the mobile wireless backhaul. Comparing with the scenario that every operator deploys their own mobile relays and wireless backhaul network, the utilization rate of deployed devices can be increased. In order to get benefits discussed above, operator A for access link spectrum and operator B for backhaul link spectrum should also be allowed and studied further. Therefore, it is kindly to ask RAN3 to agree on the following proposal:
Proposal 1: Operator A for backhaul link spectrum and operator B for access link spectrum should be included in TR 36.416 section 4.2.
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Figure 3. Deployment scenario for Multi-RAT access unit.
3 Conclusions
In this contribution, some deployment scenarios for multi-RAT access are discussed. Two cases were considered: The first case is that operators have to deploy their own access device and backhaul link, and the other case is that operators can share the same access device and backhaul link. According to the discussions above, it has some benefits if operator for backhaul link spectrum and operator for access link spectrum can be different. It is kindly to ask RAN3 to discuss and agree on following proposals:
Proposal 1: Operator A for backhaul link spectrum and operator B for access link spectrum should be included in TR 36.416 section 4.2.
Proposal 2: Include case 1 in TR 36.416 section 5.2 as the study baseline.
Proposal 3: Include case 2 in TR 36.416 section 5.1 as the study baseline.
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