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1   Introduction
During RAN3#75b meeting, there are several possible solutions for high speed train use case, including the mobile relay and some existing solutions (e.g. L1 repeater and WiFi solution). This paper makes a comparison between several candidate solutions discussed in [1]. 
2   Discussion of WiFi Solution
The WiFi solution uses an LTE UE to provide backhaul, and provides coverage for end users as a WiFi access point. This WiFi node could support data connections, VoIP calls and local service for users. In terms of node architecture or required hardware, such a solution requires very little or no additional technology.  It could be readily deployed with off –the-shelf technologies available today. Operators could also reuse their existing applications and billing/service environments for public WiFi hotspots with such an approach. It is expected that such a solution would probably cost less than building a dedicated mobile relay according to other architectures explored in [1]. In fact, WiFi as access link is widely used to provide indoor coverage (e.g. in the airport and coffee bar), share a single wireless connection among multiple users, provide service in public transportation, and even provide connectivity in commercial airliners. The backhaul technology can be provided by a multitude of technologies, including 3G, 4G, and satellite, etc.
In addition to the current availability of this solution, it has other advantages: Clearly users connected through the WiFi AP on board the train, would not be aware of the LTE backhaul link, and would not be affected by the train’s movement, as long as the backhaul connection is maintained. Also, this solution requires no standardization effort and is compatible with R10 eNB.  
Proposal 1: The WiFi solution seems to be an adequate solution for the high speed train scenario, without 3GPP standard impact. It is not clear whether anything needs to be standardized, in order for the WiFi solution to satisfy the requirements of the high speed train use case.
3   Discussion of Mobile Relay Solutions
In this section, we provide the analysis about several mobile relay architecture options including Alt.1, Alt.2, Alt.2-1 Dual RN, Alt.2+PMIP and Alt.4.
Alt.1 is a non-backward compatible solution, and the coexistence with Rel. 10 Relay may be an issue. There is a need for significant standardization effort to enable this solution (e.g. change start-up process, security solution, QoS support). If the Alt.1 architecture is adopted, a Rel. 11 DeNB near the railway would need to support both Rel. 10 relays and Rel.11 mobile relays. A new mechanism would be required for the DeNB and MME to differentiate between Rel. 11 mobile relay nodes and Rel. 10 relay node. In Alt.1 the DeNB doesn’t store UE context, and so it looses the capability to perform UE specific S1/X2 proxy function for access UEs. 
To protect the S1/X2 AP from malicious attacks, the Un interface carries S1/X2 control data and S1/X2-U data using different method in R10. On the Un interface, PDCP can provide mandatory integrity protection and optional encryption for S1/X2 AP over DRB1, while only providing optional integrity protection and encryption for S1/X2-U data over DRB2. As the DeNB in Alt.1 is not acting as an S1/X2 proxy, it would have no immediate information about which DRB carries control signalling. Consequently we cannot simply reuse the enhancement introduced for the Rel.10 Un interface in a simple and flexible way. Rather a new security mechanism needs to be designed for Alt. 1. Finally, Alt.1 would also require the development and deployment of a new network node (a new independent RN_SGW/PGW), further raising the cost of mobile relay node deployments. In addition to RAN 3, these requirements would all necessitate new work in other working groups (e.g. SA2, SA3, etc.). 

Observation1: Alt1 is not compatible with Rel-10 Relay, and it will introduce additional standard impacts to support the co-existence with Rel-10 Relay, the integrity protection, and so on.
On the other hand, Alt.2 can reuse most features of R10 relay architecture (e.g. power-up procedure, S/PGW selection, integrity protection, etc) to support the mobile relay system. Thus it has the least impact on the specification and existing network architecture, and provides good backward compatibility. This solution only requires small enhancements to support the group mobility.
The remaining potential solutions; Alt.2-1 (Dual RN), Alt.2-2 (Alt.2+PMIP), Alt.2-3 (Alt.2 with Relay GW and PGW/SGW separated from initial DeNB), are all various on Alt.2 which employee relatively minor modifications.  Alt.4 is somewhat similar to Alt2, but requires certain interface modifications in order to work.  
Alt.2-1 Dual RN reuses Alt.2 in the high speed train scenario by employing two RN_UEs in a single mobile relay device. It requires minimal if any changes to the Rel.10 specification. The interchangeable usage of the two RN-UEs can bring stability and robustness improvements to the backhaul connection through the additional Un interface, which may be especially important for high speed mobility.
The basic idea of the Alt.2+PMIP solution is to reuse the architecture of Rel-10 RN, and integrate S5/S6 interface between PGW and SGW into the DeNB. By taking advantage of PMIP-related signalling procedures, the transport of user plane data for a UE under the mobile relay can be accomplished via IP forwarding (in the form of GRE tunnelling) from the LMA to the MAG directly. This solution has a relatively small standard impact, since the PMIP has been standardized. The major question for this alternative is: Does it have any advantage vs. Alt. 2? 
Alt. 4 is similar to Alt2, but the Relay GW is removed from DeNB. NAS signalling and S1AP signalling is carried over RRC in Alt4. The main difference between Alt.4 and the family of Alt.2 based architectures is that Alt.4 can support UE mobility without a TNL. Alt.4 can be supported with minimal changes to the standards.
From above analysis, in view of the compatibility with the Rel.10 relay, less standardization effort and lower costs for equipment and deployment, Alt.2 and enhanced Alt.2 solutions seem to have a clear advantage.    
Observation2: Alt2 and related solutions (Alt.2-1 Dual RN, Alt.2+PMIP and Alt.4) are compatible with Rel-10 Relay, and for the most part could be regarded as enhancements of the existing Rel.10 RN architecture.
Proposal 2: After comparison between Alt.1 with Alt.2 and enhanced Alt.2-based solutions, we observed that Alt.2-based solutions are compatible with Rel-10 Relay. Hence, adopting one or a combination of these Alt.2-based solutions, would have minimal impact to the standard. Therefore, we propose that RAN3 should focus its attention going forward on Alt.2, and enhanced Alt.2-based solutions.
4   Conclusion
As described above, to push forward the study item of high speed railway solution, we propose the following:
Proposal 1: The WiFi solution seems to be an adequate solution for the high speed train scenario, without 3GPP standard impact. It is not clear whether anything needs to be standardized, in order for the WiFi solution to satisfy the requirements of the high speed train use case.
Proposal 2: After comparison between Alt.1 with Alt.2 and enhanced Alt.2-based solutions, we observed that Alt.2-based solutions are compatible with Rel-10 Relay. Hence, adopting one or a combination of these Alt.2-based solutions, would have minimal impact to the standard. Therefore, we propose that RAN3 should focus its attention going forward on Alt.2, and enhanced Alt.2-based solutions.
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