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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. In this contribution, we discuss the potential issue of X2 SETUP procedure between eNB and HeNB via X2-GW and provide  our solutions for the X2 SETUP.

2 Discussion
Here we discuss the X2 SETUP procedure based on the hop-by-hop solution. On the hop-by-hop solution, 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). On the other words, the X2-GW has the full X2-proxy function, which is similar as the X2 proxy function of DeNB, the X2 connection is established hop-by-hop, one is between eNB and X2-GW and the other is between X2-GW and HeNB. 

There are two use cases, HeNB discovers eNB cell and eNB discovers HeNB cell. And the solutions for X2 SETUP are analyzed as below.
2.1 X2 SETUP procedure
2.1.1 HeNB discovers eNB cell
In the case of HeNB discovers eNB cell, we assume that the X2-GW doesn’t have X2 connection towards the eNB yet. When the HeNB finds a new neighbour cell of the eNB which is not in the cell list, the HeNB will intend to set up X2 connection with the eNB via X2-GW, the HeNB initiates TNL address discovery procedure towards eNB to obtain the eNB’s X2 TNL address. 
According to the way forward of X2-GW [2], X2-GW should be decoupled from S1-GW (i.e. HeNB GW). So the S1-GW may not be deployed in the network while the X2-GW is deployed, or the S1-GW and the X2-GW which HeNB connected to may be physically independent. Therefore, it’s not always possible that X2-GW obtains the eNB’s TNL address via HeNB initiated TNL address discovery procedure and the X2-GW can’t be triggered to initiate the X2 SETUP procedure towards the eNB in the case of HeNB discovers eNB cell. Moreover, because the X2-GW doesn’t have the mapping information of the eNB ID and IP@ yet, the X2-GW can’t route the X2 SETUP message towards eNB based on target eNB ID.
In order to solve the problem analyzed above, the X2-GW connected by the HeNB should be informed with the eNB X2 TNL address to trigger the X2 SETUP procedure towards the eNB. There are two possible approaches to resolve the issue, which are listed as below. In solution 1, the X2-GW initiates the X2 SETUP procedure towards the eNB, while in solution2, the eNB initiates the X2 SETUP procedure towards the X2-GW.
· Solution 1.  The X2-GW obtains the eNB’s X2 TNL address from the HeNB and initiates X2 SETUP procedure.
A possible signalling flow is shown as below:
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Figure1. HeNB initiated TNL address discovery

Step1-7. The HeNB1 finds a new cell of eNB and wants to set up X2 connection with the eNB. After it has obtained the TAI of the new cell and derived the eNB ID, it will initiate TNL address discovery procedure to obtain the eNB X2 TNL address.
Step8-9. After obtained the eNB X2 TNL address, HeNB1 sends the eNB X2 TNL address to the connected X2-GW via X2AP message if it is connected to an X2-GW. X2 SETUP REQUEST can be reused to send this address. 
Step10-12. According to the way forward of X2-GW[2], X2-GW may terminate the non-UE dedicated procedures when appropriate. The X2-GW terminates the X2AP messages and checks whether X2 connection is already set up towards the eNB based on the received eNB X2 TNL address. If it hasn’t set up X2 connection toward the eNB, the X2-GW initiates X2 SETUP procedure to the eNB.
Step13-14. After the X2 connection is set up between the eNB and the X2-GW, the X2-GW sends the application level configuration data of the eNB to HeNB1 by eNB CONFIGURAGION UPDATE message. Upon reception of the eNB CONFIGURAGION UPDATE message, HeNB1 will acknowledge that the X2 interface towards the eNB is available. Then HeNB1 will update the X2 availability, the corresponding GU Group ID and other information of the neighbour eNB according to the message.
Step15-17. Similar as step 1-8, HeNB2 connected with the X2-GW finds a new cell of the eNB and decides to set up X2 connection with the eNB. After obtained the eNB X2 TNL address, HeNB2 will send the eNB X2 TNL address to the connected X2-GW via X2 SETUP REQUEST message.
Step18-19. The X2-GW terminates the X2 SETUP REQUEST and determines that X2 connection has already been established towards the eNB based on the received eNB X2 TNL address. Then the X2-GW responds with X2 SETUP RESPONSE message.
Proposal 1: The eNB X2 TNL address should be provided to the X2-GW by the HeNB in order to trigger the X2 SETUP procedure towards the eNB in case of HeNB discovers eNB cell and the X2-GW initiates the X2 SETUP procedure.
· Solution 2.  The eNB obtains the X2-GW’s X2 TNL address and initiates X2 SETUP.
A possible signalling flow is shown as below:
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Figure2. HeNB initiated TNL address discovery
Step1. The HeNB finds a new cell of eNB and decides to initiate TNL address discovery procedure in order to set up X2 connection towards the eNB.
Step2 - 7. During the TNL address discovery procedure, the HeNB includes X2-GW’s X2 TNL address in the eNB CONFIGURATION TRANSFER message. The HeNB shall not initiate X2 SETUP procedure because the X2 connection has already been set up between HeNB and X2-GW.
Step8. After received the X2-GW’s X2 TNL address, the eNB shall initiate X2 SETUP procedure to the X2-GW. Furthermore, the target HeNB ID shall also be included in the X2 SETUP REQUEST message.
Step9 - 10. According to the HeNB ID contained in the X2 SETUP REQUEST message, the X2-GW can find that it has already set up X2 connection with the HeNB and the HeNB’s application level configuration data is stored in the X2-GW. The X2-GW terminates the X2 SETUP REQUEST and responds with the X2 SETUP RESPONSE message including HeNB’s application level configuration data to the eNB.
Step11-12. The X2-GW sends eNB CONFIGURATION UPDATE message to the HeNB indicated by the HeNB ID received in the X2 SETUP REQUEST message sent by eNB in step8, including the eNB’s application level configuration data to the HeNB. The mapping between the HeNB ID and the TNL address in the X2-GW is obtained by the X2 SETUP procedure between the HeNB and the X2-GW.

Observation 1: The X2-GW X2 TNL address should be provided to the eNB in case of HeNB discovers eNB cell and the eNB initiates the X2 SETUP procedure.
Observation 2: The explicit target HeNB ID should be contained in X2 setup request message towards the X2-GW for the routing purpose in case of HeNB discovers eNB cell and the eNB initiates the X2 SETUP procedure.
2.1.2 eNB discovers HeNB cell
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 between 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. 
In case of the eNB finds a new cell of the HeNB and intends to set up X2 connection with the HeNB via X2-GW, a possible signalling flow is depicted as below:
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Figure3. eNB initiated TNL address discovery

The call flow depicted above has some common points with the one depicted in figure 2. Firstly, The HeNB provides the X2-GW X2 TNL address to the eNB during TNL address discovery procedure. Secondly, the eNB initiates X2 SETUP procedure to the X2-GW. 

Step1. The eNB finds a new cell of the HeNB and decides to initiate TNL address discovery procedure in order to set up the X2 connection towards the HeNB.
Step2-7. During the TNL address discovery procedure, the HeNB includes X2-GW’s X2 TNL address in the eNB CONFIGURATION TRANSFER message. 
Step8. After received the X2-GW’s X2 TNL address, the eNB shall initiate X2 SETUP procedure to the X2-GW. Furthermore, the target HeNB ID shall be included in the X2 SETUP REQUEST message.
Step9-10. Since the X2-GW has already set up X2 connection with the HeNB and the HeNB’s application level configuration data has already been stored in the X2-GW. The X2-GW could terminate the X2 SETUP REQUEST and respond with the X2 SETUP RESPONSE message to the eNB.
Step11-12. The X2-GW sends eNB CONFIGURATION UPDATE message to the HeNB indicated by the HeNB ID received in the X2 SETUP REQUEST message in step8, including the eNB’s application level configuration data to the HeNB. 

Observation 3: The X2-GW X2 TNL address should be provided to the eNB in case of eNB discovers HeNB cell and the eNB initiates the X2 SETUP procedure.

Observation 4: The explicit target HeNB ID should be contained in X2 setup request message towards the X2-GW for the routing purpose in case of eNB discovers HeNB cell and the eNB initiates the X2 SETUP procedure.
And we propose:
Proposal 2: The X2-GW X2 TNL address should be provided to the eNB in case of the eNB initiates the X2 SETUP procedure. 
Proposal 3: The explicit target HeNB ID should be contained in X2 setup request message towards the X2-GW for the routing purpose in case of the eNB initiates the X2 SETUP procedure.
3 Conclusion and proposals
In this paper, the potential issue of X2 SETUP procedure between eNB and HeNB via X2-GW is discussed and the following observations and proposals are provided:

Proposal 1: The eNB X2 TNL address should be provided to the X2-GW by the HeNB in order to trigger the X2 SETUP procedure towards the eNB in case of HeNB discovers eNB cell and the X2-GW initiates the X2 SETUP procedure.
Observation 1: The X2-GW X2 TNL address should be provided to the eNB in case of HeNB discovers eNB cell and the eNB initiates the X2 SETUP procedure.
Observation 2: The explicit target HeNB ID should be contained in X2 setup request message towards the X2-GW for the routing purpose in case of HeNB discovers eNB cell and the eNB initiates the X2 SETUP procedure.
Observation 3: The X2-GW X2 TNL address should be provided to the eNB in case of eNB discovers HeNB cell and the eNB initiates the X2 SETUP procedure.

Observation 4: The explicit target HeNB ID should be contained in X2 setup request message towards the X2-GW for the routing purpose in case of eNB discovers HeNB cell and the eNB initiates the X2 SETUP procedure.
Proposal 2: The X2-GW X2 TNL address should be provided to the eNB in case of the eNB initiates the X2 SETUP procedure. 
Proposal 3: The explicit target HeNB ID should be contained in X2 setup request message towards the X2-GW for the routing purpose in case of the eNB initiates the X2 SETUP procedure.
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