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1. Introduction

At the RAN Plenary #53 meeting, a new SI on Mobile Relay for EUTRA was approved [1]. One study area in the SI is to evaluate suitable mobile relay system architecture and procedures, including procedures for group mobility.
This contribution analyzes the relay mobility and multi-RAT support in four fixed RN architecture alternatives which have been captured in the [2], also shares the evolution consideration on the different architectures for fixed and mobile relay and proposes to select alternative 1 as mobile relay basic architecture for future work.
2. RN Mobility Support 
Group mobility is a key functionality of mobile RN. In high speed train scenario [3], UE may not have enough time to finish measurement and reporting before the wireless connection to the source cell breaks and a mass of UEs performing handover at the same time cause the signalling congestion, which will increase the handover failure rate. By performing a group mobility procedure instead of individual mobility procedures for every UE, the excessive handover signaling can be avoided and the handover success rate can be improved.
This section mostly analyzes the mobile relay architecture from supporting relay mobility perspective, interprets how to support relay mobility and group mobility feature in different architectures.
2.1. Alternative 1
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Figure 1: Overview of Alternative 1

In this Full-L3 relay arcihtectue, RN has it’s external RN-PGW node located in the core network. The DeNB simply provides backhaul connectivity for the RN and does not interpret the S1-AP messages passing through it. The U-plane packets of a UE served by the RN are delivered via the Relay’s P/S-GW. 
When the RN moves to another DeNB, RN-PGW as the RN mobility anchor point in EPS, will not change by re-using Rel-8 UE handover procedure. Therefore, the UE service continuity can be guaranteed as long as the RN has IP connectivity to the network. 
For this architecture, the RN mobility can be easily supported by re-using the Rel-8 UE handover procedure. However, since the RN is also a network node, there may be other details needs to be considered and discussed.
2.2. Alternative 2
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Figure 2: Overview of Alternative 2
In arcihtectue 2, DeNB has combined the SGW/PGW and Relay GW functionality. The DeNB provides S1 and X2 proxy functionality between the RN and other network nodes.
To support RN mobility in this architecture, two main issues need to be considered:

1. RN PGW relocation:

In Rel-8 specification, the PGW is the highest mobility anchor point for the UE and will never be relocated during the handover. However, in this architecture, the RN-SGW/PGW functionality is embedded in the DeNB, which means the RN-SGW/PGW have to be changed if RN changes the DeNB via the handover. 

In addition, the RN will get its new IP address allocated by the new RN-PGW and the IP layer connection to the EPC network as well as the OAM need to be re-established, which may result in increasing the handover delay and user data transmission delay. To support RN mobility, a new mobility management mechanism is needed.
2. Group mobility support 
For arcihtectue 2, Rel-8 UE handover procedure can be reused to support group mobility, however several optimizations might be required, and some of the major ones are listed below:
1) During the handover preparation procedure, all UEs context and RN context need to be transferred from the source node to the target node.

2) Target DeNB may trigger many individual Path Switch Procedures for different UEs. In this case, from the signalling load reduction point of view, only the handover signaling over the Uu interface can be avoided. A mass of handover procedures in the core network still need to be executed. Another possible solution is the target DeNB triggers one Path Switch procedure for many UEs. 
3) Due to the change of RN PGW during the RN handover, the new S1 and S5/S6 bearer need to be established.

4) In case the UE S1 AP IDs allocated by the source DeNB are conflict with the UE S1AP IDs allocated in the target DeNB, the re-allocation of S1 AP IDs may be needed.
According to the above analysis, it can be seen that it is difficult for arcihtectue 2 to be able to support RN mobility without some additional optimizations and standardization effort.  
2.3. Alternative 3
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Figure 3: Overview of Alternative 3
Architecture 3 can be considered as an optimization of the architecture 1, and the main difference is the integration of the RN SGW/PGW into the DeNB. For this architecture, to support RN mobility, the RN PGW relocation issues analyzed in the section 2.2 also exit, Besides that, there is UE data routing issue, since from EPC network point of view, the UE is connected to the RN. The UE data couldn’t be transferred to the RN due to change of RN IP address. Therefore, it is also difficult to support the RN mobility for this architecture due to the RN-PGW functionally embeded in the DeNB.
Compared with the architecture 1, the only advantage of architecture 3 is the U-plane data transmission time could be decreased. However, the RN mobility can not be well supported. We therefore propose to eliminate this architecture at this stage.
2.4. Alternative 4
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Figure 4: Overview of Alternative 4
In this architecture, the DeNB acts as the termination for S1 connections towards EPC, and RN can be simply seen as a cell managed by the DeNB from EPC and neighbour eNBs point of view. Similar to the architecture2, the DeNB acts as a S1-AP GW with HeNB GW like functionality.
To support RN mobility, the Rel-8 UE handover procedure can be reused with some enhancement, e.g., all UEs context and RN context need to be transferred from the source node to the target node. 

Apart from that, the main drawback of this architecture is the major changes required in the DeNB (modification of protocols such as RRC) and the complexity of the RN. It will take very long time for standardization and deployment. We therefore propose to eliminate this architecture at this stage.

Proposal1: It’s proposed to eliminate the Alternative3 and Alternative 4 as the mobile RN architecture.

3. Multi-RAT Support 

Today, operator may operate a number of networks with different RAT in the market, e.g., 2G and 3G networks and soon 4G networks as well. To support different RAT coverage on the high speed vehicles, multiple RAT Base Stations are required to be deployed along railway, which will increase the operator’s CAPEX and OPEX.

Mobile RN is a potential technique to solve the above problem. In Figure5, the multi-RAT supported RN can connect to the 2G, 3G and LTE core network through the backhaul link. Only one radio access system is required on the backhaul link and only one type of eNB (DeNBs) need to be deployed along the vehicle path.
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Figure 5: Mobile relay supporting multi-RAT
For architecture1, it is easy to implement above deployment. The only requirement is the mobile RN needs to support the 2G/3G RAN system functionality. Because the DeNB is just like an IP router only providing the backhaul connectivity, the 2G/3G signallings can be sent between the mobile RN and the core network through the backhaul link.
For architecture2, it is more complex to implement above deployment than architecture1 because the DeNB has the proxy functionality. Both the LTE-RN and DeNB have to support the 2G/3G RAN system functionality. 
4. Comparison
From the above analysis, we can infer that architecture1 is the simplest solution to be able to support RN mobility features. The main advantages of this option are the group mobility performance, multi-RAT support and minimal standardization effort.
Although architecture 2 was selected as fixed relay architecture in Rel-10 and can provide an optimized performance, the main disadvantages of this option are the complexity of the related mobility management mechanism and a considerable amount of standardization work. 
Taking these factors into consideration, we would prefer to choose the alternative 1 as the mobile RN architecture.
Proposal 2: It’s proposed to select Alternative 1 as the way forward for the standardization of mobile relay.

5. Evolution consideration
From specification point of view, for example, it’s thought that discussion on suitable mobile relay architecture should be based on Rel-10 relay architecture and backward compatible [5][6].

If we define a mobile relay architecture which is not compatible with Rel-10 relay architecture, it’s quite understandable that people may have the concern from the first thinking that why we have to implement the Donor eNBs for mobile relays which is different with Rel-10 DeNBs and operators pay for them. However, if we have further analysis on it, the concern could hopefully be clarified.

(1). To address different scenarios and requirements than Rel-10 relay

The target deployment scenario for mobile relay is high speed moving scenario, to overcome the problems such as the high penetration loss, severe Doppler frequency shift, low UE handover success rate, low UE battery life, etc. Rel-10 relay is defined as fixed relay deployed for coverage extension. The similarity between Rel-10 relays and the mobile relays being studied is that both of them are relay nodes connect to the DeNB via wireless backhaul, and provides access link to the UEs. However, they address different scenarios and requirements, the functions caused by the mobility of RN may also cause the different implementation on other related nodes, such as DeNB. Mobile relay is not the further enhancement to Rel-10 relay, but the situation is more or less like inter cell interference coordination functions in different releases: there is ICIC function for normal inter-cell interference coordination in Rel-8 and eICIC function in Rel-10 for Hetnet scenario. Both of them are for interference coordination but targeted for different scenario.
(2). Macro base stations for the railway coverage are dedicated and customized 
In today’s mobile network deployments for the railway scenario, dedicated implementation on the base stations and network planning are widely applied to compensate the Doppler shift and optimize the geometry of the railway coverage, which means the base stations deployed along the railway are dedicated and customized according to the real environment. Although the functions on feature level compliant with the specification can be the same as the macro base stations for the coverage of normal scenarios, special implementation at the macro base stations for the railway coverage is still needed; even the macro base stations are not the donor base stations. 

(3). No big impact to legacy networks with architecture Alt.1 for mobile relay

According to the analysis in section 2 and section 3, both RN mobility and multi-RAT functions can be easily supported by Alt.1 in general. Although some of the donor network functions defined in Rel-10 will not be applicable to mobile relays case, it does not affect that Rel-8/9/10 other eNB functions (except some Donor functions) still apply in mobile relay networks. In other words, Rel-8/9/10 normal networks can all be used as the base to support mobile relays if under the frame work of Alt.1, and no big impact is foreseen, of course if we do the specification work for mobile relay, it’ll base on the latest release from specification perspective. 

If the mobile relay architecture is not the extension of Rel-10 relay architecture, it’s possible that different DeNB functions/implementation is needed for fixed relay and mobile relay respectively. However, considering the mobile relay deployment scenario is high speed train scenario and the donor eNB for the railway coverage are usually dedicated, there would be no contradiction that both donor eNBs supporting fixed relays and mobile relays can exist together in their applicable scenarios.
6. Conclusions

In this contribution, we discuss the RN mobility and multi-RAT issues in different fixed RN architectures, present some evolution consideration and propose that:

Proposal 1: It’s proposed to eliminate the Alternative3 and Alternative 4 as the mobile RN architecture.

Proposal 2: It’s proposed to select Alternative 1 as the way forward for the standardization of mobile relay.
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