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1. Introduction
Relay is considered to be a key technology in LTE-Advanced and as a tool to improve e.g. the coverage of high data rates, group mobility, temporary network deployment, the cell-edge throughput and/or to provide coverage in new areas [1]. RAN1 has indicated that Type 1 relay is a part of  LTE-Advanced in TR36.814 .RAN2 #65 meeting also agreed that type 1 relay node should be supported in LTE-Advanced. In this paper, we try to discuss the impact of type 1 relay on the X2 interface base on the definition of the “type 1” relay.

2. Character and Functionality of Type 1 Relay
A “type 1” relay node is an inband relaying node characterized by the following [1]:
· It control cells, each of which appears to a UE as a separate cell distinct from the donor cell
· The cells shall have its own Physical Cell ID (defined in LTE Rel-8) and the relay node shall transmit its own synchronization channels, reference symbols, …
· In the context of single-cell operation, the UE shall receive scheduling information and HARQ feedback directly from the relay node and send its control channels (SR/CQI/ACK) to the relay node
· It shall appear as a Rel-8 eNodeB to Rel-8 UEs (i.e. be backwards compatible) 
· To LTE-Advanced UEs, it should be possible for a type 1 relay node to appear differently than Rel-8 eNodeB to allow for further performance enhancement.
Based on the character of the type 1 relay and depending on the relaying strategy, the type 1 relay controls one or several cells and a unique physical-layer cell identity is provided in each of the cells controlled by the relay. The same RRM mechanisms are available and from a UE perspective there is no difference in accessing cells controlled by a relay and cells controlled by a “normal” eNB. The cells controlled by the relay should also support LTE Rel-8 UEs. HARQ, Paging, Multicast, ETWS could also be performed in type 1 relay. [2][3]
3. Transmit Method between Type 1 RN
RAN2 65# meeting has agreed type 1 relay and defined two interfaces: 

- Uu: between UE and Relay-Node

- Un: between Relay-Node and Donor-eNB
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Figure 1: E-UTRAN architecture with “type 1” relay nodes [4]
The information exchange between RNs could be realized as the following:
i) Using an X2 like interface (e.g. X3 interface) between relay nodes
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Figure 2: X2 like interface (e.g. X3) between relay nodes
The X2 like interface (e.g. X3) AP protocol provides the following functions:

-
Mobility Management. This function allows the RN to move the responsibility of a certain UE to another RN. Forwarding of user plane data, Status Transfer and UE Context Release function are parts of the mobility management.

-
Load Management. This function is used by RNs to indicate resource status, overload and traffic load to each other.

-
Reporting of General Error Situations. This function allows reporting of general error situations, for which function specific error messages have not been defined.

-
Resetting the X3. This function is used to reset the X3 interface. 

-
Setting up the X3. This function is used to exchange necessary data for the RN for setup the X3 interface and implicitly perform an X3 Reset.

          -  RN Configuration Update. This function allows updating of application level data needed for two RNs to interoperate correctly over the X3 interface.

Pros:
     -  It has no impact on current X2 interface.

Cons: 

   - Data throughput will be limited and the quality of data transmission can't be assured if using wireless interface to connect the two RNs. 
     - Increase the complexity and the cost of the RN.
ii) Reusing the X2 interface between eNBs
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Figure 3: Reusing the X2 interface between eNBs

   For Case (1), there is no impact on current X2 interface, the information exchange could be completed within eNB.
   For Case (2), the impact on the X2 interface is described as following: 
-
Mobility Management. This function allows the eNB and RN to move the responsibility of a certain UE to another eNB and RN. Forwarding of user plane data, Status Transfer and UE Context Release function are parts of the mobility management.

-
Load Management. This function is used by eNBs and RNs to indicate resource status, overload and traffic load to each other.

-
Reporting of General Error Situations. This function allows reporting of general error situations, for which function specific error messages have not been defined.

-
Resetting the X2. This function is used to reset the X2 interface. 

-
Setting up the X2. This function is used to exchange necessary data for the eNB for setup the X2 interface and implicitly perform an X2 Reset.
-
eNB Configuration Update. This function allows updating of application level data needed for two eNBs to interoperate correctly over the X2 interface, which includes the application level data of RNs.
Pros:
 - The introduction of new interface is not needed.
 - Reuse the current standardized X2 protocol procedure. 
 - Bandwidth can be assured.
Cons:
   -Increase the complexity of X2 interface.
4. Conclusion
From the above discussion, two interface solutions can be designed for the communication between RNs. One is using a new X2-like (e.g. X3) interface and the other solution is reusing current X2 interface with modified functionality. Here we propose to take the above discussion into consideration for further development.
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