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1. Introduction
This document studies the necessity of X2 interface in Relay architecture from U-plane and C-plane point of view, based on the requirements and UE mobility scenario 1 (i.e. mobility between RN cell and DeNB cell) for the Relay architecture [1]. 
2. The background of X2 interface in Rel.8 and its necessity in Relay Architecture
In the release 8 LTE (wired) network, a direct and mesh interface between eNBs was created due to the following background:
1. With most of the RNC functionalities being collapsed into the eNB, the mobility support function has to be also allocated in the eNB. 

2. It is foreseen that the frequency occurrence of handover between eNBs is high.

3. Processing of handover procedure will be more efficient and less delay if it can be performed directly between the involved eNBs.
4. With the foreseen frequent handover occurrences, it was considered necessary as far as possible to NOT involve core network node to reduce the load, the necessary processing capability and the traffic within the wired link towards the core network node.
With the same way of thinking as in wired LTE network, the necessity of X2 interface in Relay architecture must be considered from the following points:

1. Whether the RN supports mobility function.
 ( From short discussion on RN architecture in RAN2/3 with regards to type1 RN, it is assumed that a RN is an eNB+Un capability. Hence, it can be said that RN should be able to support the necessary mobility function as an Rel.8 eNB.
2. Is there any requirement to support frequent handover occurrences between RN and DeNB, RN and non-DeNB, RN-RN?
2.1  Is X2 (C/U) interface between RN and DeNB needed?
2.2  Is X2 (C/U) interface between RN and non-DeNB needed?
2.3  Is X2 (C/U) interface between RN and RN needed?

( For frequent handover scenario from/to RN, it shall provide at least the same performance as the Rel.8 handover procedure.

( The necessity of considering point 2.1, 2.2 and 2.3 is closely related with what kind of mobility scenario that needs to be supported. (See [1])

( From the conclusion in [1], DOCOMO believes that mobility between RN-DeNB must be prioritised.
3. The trade off between MME load and processing capability impact and the complexity of defining X2 (C/U) interface for RN to support handover to/from RN. 
( Whether S1 handover should be performed for all handover to/from RN, or only when there is no X2 interface in RN?
3. Consideration of X2 interface in Relay architecture between RN and DeNB
From the abovementioned section 2 and [1], since the mobility between RN-DeNB should be prioritised, this section analyses the impacts when X2 interface exists or not for mobility RN and DeNB.
3.1 U-plane
From the U-plane perspective, the way to support the data forwarding from source node (RN or (D)eNB) to target node ((D)eNB or RN) during handover is a key issue to be considered. If Relay architecture supports X2 interface, the source node forwards U-plane data directly to the target node. On the other hand, S1 handover also supports direct forwarding from the source node to the target node, if the direct path is available. Therefore, even if X2 interface is not supported by Relay architecture, S1 handover with direct forwarding can perform the same handover experience as X2-U data forwarding. 
Note that S1 handover with direct forwarding is realised by establishing DRB(s) between RN and eNB, which is already exists if a S1 interface is established for the RN. If both S1 and X2 interface are supported over Un interface, it might be be necessary to be establish different DRB for both interfaces. Hence from RN and DeNB resource and processing point of view, X2-U interface might not be necessary.
3.2 C-plane
Fig. 1 shows the brief procedure of both S1 and X2 handover, when the UE moves from RN to DeNB. In terms of handover preparation phase, S1 handover has longer latency than X2 handover since the handover preparation messages are exchanged between RN and DeNB via MME, whereas the RN can exchange the handover preparation messages with DeNB without any intermediate node if X2 interface is defined. 

[image: image1]
Figure 1 S1 and X2 HO procedure
In addition, not only the RN and the DeNB but also the MME has to manage and process the UE context, unless X2 interface is defined. This means that the MME has to be involved in any UE mobility which is associated with RN, and it might have negative impacts on the processing load of the MME. 
4. Summary and Proposal
Table 1 summarizes the pros & cons of X2 interface necessity in Relay architecture described above. Although from the U-plane aspects, there seems to be no significant difference between the alternatives, considering the C-plane aspect, there are advantages in having a X2 interface in the Relay architecture. Especially, in order to meet the UE mobility requirement [1], X2 interface is necessary to reduce the C-plane handover latency. As a consequence, we propose that X2 interface shall be defined in the Relay architecture. We investigated the X2 IF necessity based on UE mobility scenario 1 in [1], but the same conclusion can be deduced even when taking other mobility scenarios into consideration. 
Table 1 Pros & Cons of X2 interface necessity

	
	X2 interface is supported
	X2 interface is not supported

	U-plane
	HO latency
	No performance gap

	
	Radio bearer
	Needed for S1/X2-U
	Only needed for S1-U

	C-plane
	HO latency
	Low latency
	Large latency

	
	UE context management
	DeNB, RN
	MME, DeNB, RN

	
	MME processing load
	Low
	High


■: the cons
Therefore, the following is proposed:

1. To agree on the necessity of X2 interface in UE mobility scenario between RN and DeNB.

2. To further discuss the necessity of X2 interface between RN and non-DeNB, and between RNs.

5. Reference
[1] R3-091228, Relay Requirements & Use Case Study in LTE-Advanced, NTT DOCOMO. 
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