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1   Introduction

During the discussion of the RAN3#68 meeting [1], one of open issues for further investigation is handling the non UE-associated messages in the X2 interface. Some routing issues relevant to the X2 proxy is mentioned in [2], which argued that there is no sufficient information for routing some non UE-associated X2-AP messages beyond the X2 proxy. This contribution analyzes two possible solutions to solve the routing problem for non UE-associated messages with the X2 proxy embedded in DeNB.
2   Discussion
In Rel-10, RN establishes its X2 interface toward DeNB. The non UE-associated X2-AP message is terminated in the DeNB with the embedded X2 proxy. However, DeNB embedded with X2 proxy cannot forward and route the request message, which has the destination IP address set to the DeNB, toward its true destination eNB or RN. The response messages also suffer the routing problem at DeNB when there is more than one RN are waiting for its response message.
The root cause of the routing problem in the X2 proxy scheme of RN is that the non UE-associated message in Rel-8/9 was not designed to be forwarded via intermediate devices. The routing decision of the non UE-associated X2-AP message was made by underline IP layer where the X2 connection was direct and assumed to be point-to-point. There was no extra identity carried in non UE-associated X2-AP messages for routing and forwarding at the X2-AP layer. Hence, one solution is to enhance current non UE-associated X2-AP messages by appending an identity of the source device. The appending operation could be performed by the source device before sending an X2-AP message or by DeNB before sending the corresponding mapped message after receiving a request message from RN.
For example, the request procedure of the X2 interface with modified X2-AP messages is depicted in the Figure 2-1. When DeNB receives the X2 setup request from RNs, DeNB extracts the Global eNB ID of RN within the X2 setup request and then the Global eNB ID is added on to the eNB configuration update. The Global eNB ID is also piggybacked within the modified response message. Hence, DeNB can differentiate various response messages from different RNs and routes the X2 setup response to the corresponding source RNs. Also, RN establishes its X2 interface only toward the DeNB, and then DeNB updates its X2 interface to its neighbouring eNB by sending the eNB configuration update with the destination IP address set to the target eNB.
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Figure 2-1: X2 interface setup procedure
Another example of modified non UE-associated X2-AP messages, e.g. resource status messages, is depicted in the Figure 2-2. The Global eNB ID is added to the request message of non UE-associated messages. The source Global eNB ID is also piggybacked within the modified response message. Hence, DeNB can differentiate various response messages from different RNs and routes the response message to the corresponding source RN. 
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Figure 2-2: Other non UE-associated messages
Examples above require that RN has its own distinct Global eNB ID. Alternatively, other unique identifies could also be used. Furthermore, there is some impacts to the specification because some non UE-associated messages must be modified. The major drawback of this approach is that if the Rel-8/9 eNB co-exists with Rel-10 DeNB, modified non UE-associated messages are not supported in Rel-8/9 eNB. Hence, it breaks the backward compatibility with Rel-8/9 eNB in the X2-AP interface.
Another solution is to set the destination IP address of non UE-associated message to be the IP address of target node. RN establishes its IP layer connection via DeNB toward the target node directly by embedding the NAT functionality at DeNB in order to to route the non UE-associated message at the IP transport layer. In this solution, the non UE-associated X2-AP message remains unchanged and the backward compatibility with Rel-8/9 eNB in the X2-AP interface is preserved; but the mechanism to establish the SCTP/IP connection of the X2 interface via NAT while preserving the X2 proxy functionality requires further study. The NAT issue may also require involvements from IETF. 
3   Conclusion

We have analyzed the X2 proxy issue in DeNB and conclude the following 
1. DeNB with the X2 proxy embedded cannot route some non UE-associated X2-AP messages. 
2. One solution is to enhance current non UE-associated X2-AP messages by appending an identity of the source device. The appending operation could be performed by the source device before sending an X2-AP message or by DeNB before sending the corresponding mapped message after receiving a request message from RN. The modification of the non UE-associated message is required. However, the modified non UE-associated message breaks the backward compatibility with the Rel-8/9 eNB in the X2-AP interface.
3. The other solution is establishing each X2-AP connection directly to the target node. X2 proxy and NAT functionalities are embedded at DeNB to establish the direct connection for transporting X2-AP messages at the IP transport layer. The backward compatibility with the Rel-8/9 eNB in the X2-AP interface is preserved, but detailed mechanism requires further study and may involve IETF.
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