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1.
Introduction

This contribution analyses the necessity of introducing X2 interface directly between RNs and RN and non-DeNB, and also analyses the termination of X2 interface in the Relay architectures.
The X2 related issues has been discussed in the comparing of 4 alternatives for Relay architecture, but it still remains open for the necessity and termination X2 interface.
2.
Discussion
2.1
X2 interface necessity
In the past meetings, there were several contributions discussing the necessity of X2 interfaces in [1], [2], [3], [4] and [5], etc. It is indicated in these contributions that introducing the X2 interface into Relay architecture will not bring extra complexity into the architecture and deployment.
In LTE, X2 interface was introduced to decrease the handover signallings exchanging with MME when the handover occured between two eNBs served by same MME. It also allows the user plane data path breakout at E-UTRAN without involving EPC.

Comparing the signalling delay for handover preparation in control plane, S1 handover has longer signalling latency than X2 handover, since the S1 handover needs more treating time in MME and more transmission delay due to the transmission between source and target eNBs via MME. 
From the aspect of handover preparation signalling, the X2-based HO always has a shorter signalling latency than the S1-based HO, even after the Relay Nodes are introduced.
During the comparison of 4 candidate alternatives, it seems that the mesh connection issue has come to a conclusion that for Alt 1 and Alt 3, the X2 interface needs to be maintained between any pair of RNs, and for Alt 2 and Alt 4, the X2 interface needs to be maintained only towards DeNB.

If a new eNB deployed in a LTE network, the X2 interface needs to be established between any pair of eNBs in a MME Pool Area. The number of X2 interfaces introduced for an RN would have the same level with the number of X2 interfaces for an eNB. Therefore, there would not be very heavy load of X2 interface maintenance due to a new RN joined in the network, even in Alt 1 and Alt 3.
Data forwarding is an important component in X2-based handover for the lossless PDCP. In the RN architecture, the forwarding path might have the same track with X2-AP signalling path. There is a problem needs to be considered is that the forwarding packets will be send forth and back through Un interface in some alternatives. But it is not only the shortcoming for X2-based handover, but also the problem for S1-based handover.
2.2 X2 interface termination
The termination of S1 interface has been decided for these 4 alternatives, but the X2 interface termination has not been determined.
Although the 4 alternatives were split into two types, i.e. Alternative A and Alternative B, but there are some essential differences between the 3 alternatives in Alternative A, and the discussion is still based on 4 alternatives.
2.2.1 Alternative 1&3

In Alt 1&3, S1 interface is terminated at RN. The user plane between RN and S/PGW served for RN is used to transfer S1AP signalling and S1-U user data for the UE. All of the signalling and user data should be multiplexed into limited Un DRBs and transferred between RN and PGW served for RN. If the X2 signalling and user data could break out from DeNB to the target eNB/DeNB, additional protocol stack and architecture for X2 interface should be considered.

Based on this structure, the best way is that the termination of X2 interface adopts the same principle with S1 interface, i.e. the X2 interface is terminated at RN.

2.2.2 Alternative 2

As the handover decision point, RN should be the node to terminate X2AP signalling message. Otherwise, new protocol or function should be introduced to support the handover signalling procedure over Un interface. The DeNB needs proxy function for transferring X2AP signallings between RN and MME served for UE.
There are two possibilities for the X2-U termination node, one is RN and the other is DeNB. For this architecture, the network maintains only one X2 interface towards DeNB, it means that only one X2-U path would be used between DeNB and eNB (in case of handover from source RN to target eNB). The data forwarding GTP-U tunnel on the X2 interface between DeNB and eNB (as showed below) is based on every UE bearer. All of the UEs' forwarding data from one RN can be transferred by the same Un DRB on the Un interface.
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Figure 1: Data forwarding tunnel for Alt 2
During the handover preparation, eNB allocates the transport layer address (IP address and TEID) of GTP-U used for data forwarding, and includes them in the HANDOVER REQUEST ACK message to send to the DeNB. If the X2-U terminates at DeNB, the data of EPS bearer would be transferred in the Un DRB without GTP header (i.e. without TEID to identify the bearer). It’s some difficult for the RN to distinguish the bearers for every UE, maybe a new additional identity is needed to distinguish them. If the X2-U terminates at RN, the GTP-U will also be terminated at RN. DeNB could bind the GTP-U tunnels for the UE EPS bearer on the X2-U and the GTP-U tunnels carried by the Un DRB. 
After the handover preparation, RN sends an SN STATUS TRANSFER message, which indicates the next DL PDCP SN to be allocated for the target eNB, the PDCP SN is set based on the receive/send status on Uu interface. The forwarding data transfer is started from the first packet which hasn’t received ACK on the Uu interface. If the GTP-U is not terminated at RN, which kind of the format of forwarding data could be carried by Un DRB? Which node could start the forwarding data transfer? All of them are not defined in the existing protocol. The data forwarding mechanism may need to be modified to adapt X2-U terminated at DeNB.
It seems that the GTP-U of X2-U terminated at RN is a better choice which has a minor influence on the existing protocol.

2.2.3 Alternative 4

The same reason as above, X2AP should be terminated at RN due to it is the handover decision point.
In this alternative, S1AP is terminated at RN and S1-U might be terminated at DeNB, the user data is carried by DRB on the Un interface without GTP-U encapsulation. If X2AP terminates at RN, how about X2-U? We can also consider two choices, one is terminated at DeNB and the other is terminated at RN.
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Figure 2: Data forwarding tunnel for Alt 4
If X2-U terminates at RN, the forwarding tunnel should be established from RN to target eNB via DeNB. DeNB has proxy function for mapping the GTP-U tunnels on Un to the GTP-U tunnels on X2. In this case, the GTP-U packets would be carried by Un DRB, in which including GTP-U header, it will increase the load of Un interface. 
If X2-U terminates at DeNB, the DeNB transfers the forwarding data to eNB by X2 GTP-U tunnel. The DRB on the Un interface has the one to one mapping with the GTP tunnel on X2 interface for every UE EPS Bearer, they are easy to map each other. In this case, there is no more load added onto Un interface because it avoids the additional GTP header load. But it needs to establish the additional DRB using for transfer forwarding data on Un interface, it needs more work on the specifications.

Comparing these two choices, X2-U terminates at RN has lower influence on the existing protocol and implementation. However, the higher load on the Un interface can not be avoided, it depends on the number of X2-based handover and the amount of forwarding data.
4.
Conclusion

This paper shows that introducing X2-like interface between RN and non-DeNB and RNs will not introduce too much burden to the network. According to the discussion above, we propose that X2 interface is needed, we can benefit from avoiding too many signalling exchanges between E-UTRAN and EPC.

We also propose the termination of X2 interface, in all of alternatives, should be the Relay Node, and X2-U should also be terminated at Relay Node.
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