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1 Introduction 
The Way forward on X2 proxy was agreed in RAN3#77bis meeting and several key issues are listed in [1]. And the agreements on connectivity requirements are made in last RAN3#78 meeting. Here we discuss the principle of X2 connection between (H)eNBs and  propose the solution for routing of the X2 Setup message  between (H)eNBs via X2-GW.

2 Discussion

2.1 Hop-by-hop or end-to-end
The SCTP concentrator option was ruled out in last meeting, so there are two alternative solutions for X2-GW:

· Solution 1: X2 Routing Proxy, end-to-end
· Solution 2: X2-Proxy, hop-by-hop
Accordingly, there are two types of X2 connections between eNB and HeNB via X2-GW, i.e. hop-by-hop and end-to-end. On solution 1 X2 Routing Proxy solution, X2-GW only acts as a routing entity and doesn’t execute RNL functions. The X2 connection is established end-to-end between eNB and HeNB which needs route via X2-GW. While on solution 2 X2-Proxy solution, the X2-GW has the X2-proxy function, which is similar as the X2 proxy function of DeNB for Relay. The X2 connection is established hop-by-hop, where one hop is between eNB and X2-GW and the other one is between X2-GW and HeNB.
It seems that the X2-GW in end-to-end solution is less complex than in hop-by-hop solution. However, the end-to-end solution will introduce much more standardization impact comparing with hop-by-hop solution.
Firstly, in the end-to-end routing proxy solution, new register procedure or enhanced X2 setup procedure is needed between (H)eNB and X2-GW in order to establish the RNL ID and TNL address mapping at the X2-GW. Assuming X2-GW IP@ is pre-configured in eNB instead of TNL address discovery procedure, eNB may have to initiate redundant X2AP messages towards all its connected X2-GWs once multiple X2-GW IP addresses are pre-configured. Moreover, eNB may not be able to determine whether X2-GW based or direct X2 connection should be established towards the new neighbouring HeNB cell. On the contrary, if there is no pre-configured X2-GW IP@ in eNB, eNB will not register or set up X2 connection towards the X2-GW after power on. In this case, how to obtain the eNB ID and IP@ mapping information in the X2-GW will become more complex. While in the hop-by-hop solution, the X2-GW can maintain the RNL ID and TNL address mapping from the normal X2 Setup procedure naturally without specification modification.
Secondly, it requires the addition of “routing” IEs in every X2 AP message in the end-to-end routing proxy solution. While in the hop-by-hop solution, the addition of routing information may only be needed in few X2AP messages (e.g. non-UE associated non-cell related messages).
Thirdly, additional new mechanism needs to be further studied to solve the HeNB switch on/off issue since the X2-GW only acts the routing function in the end-to-end routing proxy solution. While in the hop-by-hop solution, there is no HeNB switch on/off issue since the X2-GW can easily detect the SCTP connection between the HeNB breaks and then can inform the neighbouring eNBs using eNB configuration update procedure.  
Proposal 1: RAN3 is kindly requested to chose hop-by-hop as the principle of X2 connection between (H)eNBs via X2-GW.
2.2 Routing of the X2 Setup message
According to the way forward [1], for the routing of the X2 Setup message via the X2-GW, three options have been identified so far:
· Option 1: the routing is based on the target HeNB ip@ provided by the eNB.
· Option 2: the routing is based on a new explicit target HeNB ID field provided by the eNB in the X2 Setup Request message. 
· Option 3: the routing is based on the target HeNB ID derived from the Neighbour Cell Information IE already contained in the X2 Setup message. This option requires the X2-GW to fully terminate X2AP protocol.
Among the three options, option 3 is based on the full X2 proxy solution and is a hop-by-hop X2 SETUP solution, while the other two options are end-to-end X2 SETUP solutions. As analysed in section 2.1, the hop-by hop X2 connection is more preferable than the end-to-end X2 connection, so we discuss the X2 SETUP solution based on option 3 in this section.
In option 3, the X2-GW acts not only as a router, but also can terminate X2AP protocol or initiate new X2 procedure (e.g. eNB configuration update procedure). And the routing of X2 SETUP message is based on the target HeNB ID. The mapping information of the eNB ID and ip@ can be obtained from the X2 SETUP procedure without specification modification.

However, the target HeNB ID is derived from the Neighbour Cell Information IE contained in the X2 Setup message sent from eNB in option 3. It will introduce extra complexity on X2-GW to compare the context of Neighbour Cell Information IE in the newly received X2 SETUP message with the one already stored in the X2-GW. 
According to the way forward on X2 proxy [1] agreed in RAN3#77bis meeting, it has been agreed that the HeNB will be configured with the IP@ of the X2-GW when connected to an X2-GW. So it is reasonable that HeNB will initiate X2 SETUP towards X2-GW after power on, and then X2-GW can maintain the mapping information of  the eNB ID and IP@ of connected HeNBs. Therefore, we assume that X2-GW can always route the X2 SETUP message towards HeNBs based on target HeNB ID. However, the eNB may not be configured with the IP@ of the X2-GW, then the eNB shall obtain the ip@ of the X2-GW via eNB Configuration Transfer message responded from HeNB. In the HeNB discovers eNB cells and the HeNB initiate X2 SETUP procedure case, It is possible that the X2-GW have not established X2 connection with the eNB when the X2-GW receives the X2 SETUP request message from the HeNB.  And then, X2-GW cannot be able to route the X2 SETUP message towards eNBs based on target eNB ID since there is no target eNB ID and corresponding IP@ mapping information in the X2-GW. Therefore, further enhancement should be studied for option 3 for the routing of X2 Setup message. 
Observation 1: With regard to routing of the X2 Setup message, option 3 should be enhanced to work on the current working assumption, which reduces the X2-GW complexity and eliminates the ambiguity.
Here we present an enhanced option based on option 3 for hop-by-hop X2 proxy solution, named as option 3a as below. 

Option 3a: the routing is based on explicit target RNL ID provided in the X2 AP message. This option requires the X2-GW to fully terminate X2AP protocol. This option also requires a mapping in the X2-GW between the (H)eNB ID and the corresponding ip@ that can be built during the X2 setup procedure between (H)eNB and X2-GW, which is part of  full proxy function. In addition, the eNB ip@ may need to be provided to the X2-GW to help the X2 setup between the eNB and he X2-GW.
Comparing with option3, option3a has the following advantages:

1) Option 3a is applicable for both eNB initiated X2 SETUP procedure and HeNB initiated X2 SETUP procedure scenario.

2) No misunderstanding is introduced in option 3a by explicit target routing information, e.g. target HeNB ID or target eNB ip@.
3) In option3a, X2-GW doesn’t need to compare the full list of neighbour cells received in the X2 Setup Request message with the one stored and derive the target HeNB ID from the Neighbour Cell Information ID. Therefore, the complexity of X2-GW is reduced in option3a. 
Proposal 2: RAN3 is kindly requested to select option 3a as the solution for routing of the X2 Setup message.   
3 Conclusion and proposals
In this paper, we discussed the principle of X2 connection between (H)eNBs and then proposed the solution for routing of the X2 setup message between (H)eNBs via X2-GW. According to the above analysis, we have the following observation and proposals:
Proposal 1: RAN3 is kindly requested to chose hop-by-hop as the principle of X2 connection between (H)eNBs via X2-GW.
Observation 1: With regard to routing of the X2 Setup message, option 3 should be enhanced to work on the current working assumption, which reduces the X2-GW complexity and eliminates the ambiguity.
Proposal 2: RAN3 is kindly requested to select option 3a as the solution for routing of the X2 Setup message.   
Option 3a: the routing is based on explicit target RNL ID provided in the X2 AP message. This option requires the X2-GW to fully terminate X2AP protocol. This option also requires a mapping in the X2-GW between the (H)eNB ID and the corresponding ip@ that can be built during the X2 setup procedure between (H)eNB and X2-GW, which is part of  full proxy function. In addition, the eNB ip@ may need to be provided to the X2-GW to help the X2 setup between the eNB and he X2-GW.
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