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1 Introduction 
In RAN3#79 meeting, seven options for X2 Setup Routing and associated IP address discovery are captured in the agreed way forward in [1]. And during RAN3#79bis meeting, the comparison table of seven options is endorsed in [2]. In our contribution [3], we compared the seven options for X2 Setup Routing and associated IP address discovery. And option G1B is recommended since it has less impact on (H)eNB and specification, and can meet the agreed requirements in [4]. So in this contribution, we discuss the X2 SETUP procedure between (H)eNBs and present our solutions.
2 Discussion
The analyse in this contribution is based on option G1B. Generally, there are two use cases, HeNB discovers eNB cell and eNB discovers HeNB cell, which are analyzed as below.
2.1 X2 SETUP procedure

2.1.1 eNB discovers HeNB cell

In option G1B, HeNB registers with the connected X2 GW using X2 SETUP request message after power on. And the HeNB will be configured with the IP@ of the X2-GW if it is allowed to connected to an X2-GW. After receiving the X2 SETUP request from the HeNB, the X2-GW can maintain the mapping table on the HeNB ID and IP@ of connected HeNBs. Therefore, we can assume that X2-GW can always route the X2 SETUP message towards HeNBs based on target HeNB ID. 
In case of 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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Figure1. eNB discovers HeNB cell
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, if the HeNB determines that indirect X2 connection shall be established, the HeNB can include X2-GW’s X2 TNL address in the eNB CONFIGURATION TRANSFER message or can include additional indication information to notify the eNB. The connection type can be configured by OAM in the HeNB.
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.
Step9-12. The HeNB has already registered in the X2 GW, so the X2 GW has maintained the mapping information of HeNB ID and IP address. The X2-GW sends eNB CONFIGURATION UPDATE message to the HeNB indicated by the HeNB ID in the X2 SETUP REQUEST message in step8, including the eNB’s application level configuration data. 

2.1.2 HeNB discovers eNB cell
When the HeNB finds a new neighbour cell of the eNB, the HeNB will intend to set up X2 connection with the eNB. The HeNB can determine whether direct or indirect X2 connection shall be established. If direct X2 connection needs to be established, the HeNB initiates TNL address discovery procedure to obtain the eNB IP address. And if indirect X2 connection needs to be established , the HeNB shall initiate X2 setup request to the connected X2-GW including the target eNB ID.
2.1.2.1 Normal procedure
Assuming that the eNB has already registered in the X2 GW connecting to the HeNB.A possible signalling flow is shown as below:
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Figure2. HeNB discovers eNB cell - normal
Step1-2. The HeNB finds a new cell of the eNB and decides to set up X2 connection towards the eNB. The HeNB determines indirect X2 connection shall be established and sends X2 setup request message to the connected X2 GW including eNB RNL ID.
Step 3-4. The X2 GW already has the mapping information of the eNB since the eNB has registered in the X2 GW. So the X2 GW routes the X2 setup request message from the HeNB and sends X2 setup response to the HeNB.

Step 5-6. The X2 GW may initiate eNB configuration update procedure to the eNB indicated by the eNB ID in the X2 SETUP REQUEST message in step2 in order to transfer the HeNB’s application level configuration data to the eNB. 
2.1.2.2 Initial X2 SETUP between eNB and X2-GW

However, it is possible that when the HeNB discovers the eNB cell, the eNB hasn’t registered in the X2 GW connected with the HeNB at that time. Then the X2 GW can’t route the X2 setup request message from the HeNB since it hasn’t obtained the mapping information of eNB ID and TNL address of the eNB. Several solutions are discussed below to resolve the issue of initial X2 setup between eNB and X2-GW.
· Solution 1.  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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Figure3. Initial X2 setup between eNB and X2-GW – solution1
Step1-2. The HeNB finds a new cell of eNB and decides to set up X2 connection towards the eNB. The HeNB determines indirect X2 connection shall be established and sends X2 setup request message to the connected X2 GW including eNB RNL ID. However, the X2 GW doesn’t have the mapping information of the eNB since the eNB hasn't registered in the X2 GW yet. So the X2 GW can’t route the X2 setup request message from the HeNB. The HeNB knows that the routing fails since it doesn’t receive the X2 setup response message. 
Step3 - 8. The HeNB initiates TNL discovery procedure and includes X2-GW’s X2 TNL address in the eNB CONFIGURATION TRANSFER message. Furthermore, explicit or implicit indication can also be included to trigger the eNB to initial X2 SETUP. 
Step9-11. After received the X2-GW’s X2 TNL address, the eNB initiate X2 SETUP procedure and send X2 setup request message including HeNB ID to the X2-GW. The X2 GW shall store the mapping information of the eNB after receiving the X2 setup request message from the eNB.
Step12 - 13. The HeNB has already registered in the X2 GW, so the X2 GW has the mapping information of HeNB ID and IP address. The X2-GW initiates eNB CONFIGURATION UPDATE message to the HeNB indicated by the HeNB ID in the X2 SETUP REQUEST message in step9, including the eNB’s application level configuration data. 
· Solution 2.  the HeNB obtains the eNB’s X2 TNL address and then sent it to the X2 GW.
In solution 3, the HeNB initiates  TNL address discovery procedure to obtain the eNB address, and then sends X2 setup request message to the X2 GW including eNB TNL address. The X2 GW can route the X2 setup message via the TNL address to the eNB.
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Figure4. Initial X2 setup between eNB and X2-GW – solution2
Step1-2. The HeNB finds a new cell of eNB and decides to set up X2 connection towards the eNB. The HeNB determine indirect X2 connection shall be established and sends X2 setup request message to the connected X2 GW including eNB RNL ID. However, the X2 GW doesn’t have the mapping information of the eNB since the eNB hasn't registered in the X2 GW yet. So the X2 GW can’t route the X2 setup request message from the HeNB. The HeNB knows that the routing fails since it doesn’t receive the X2 setup response message. 

Step 3-8. The HeNB initiates TNL discovery procedure to obtain the eNB address. 

Step 9-15. The HeNB sends X2 setup request message to the X2 GW again including the eNB TNL address. Then the X2 GW sends X2 setup request towards the eNB. The X2-GW shall store the mapping information of the eNB after it received the X2 setup response message from the eNB. Then the X2 GW may transfer the eNB’s application level configuration data to the HeNB using eNB configuration update procedure. 
Proposal1. RAN3 is kindly requested to consider the X2 SETUP procedure in both case of eNB discovery HeNB cell and HeNB discovery eNB cell.

Proposal2. RAN3 is kindly requested to consider the initial X2 SETUP procedure between eNB and X2 GW and choose the solution. 
3 Conclusion and proposals
In this paper, the X2 SETUP procedure between eNB and HeNB via X2-GW is discussed and then solutions are provided. Here we propose:

Proposal1. RAN3 is kindly requested to consider the X2 SETUP procedure in both case of eNB discovery HeNB cell and HeNB discovery eNB cell.

Proposal2. RAN3 is kindly requested to consider the initial X2 SETUP procedure between eNB and X2 GW and choose the solution. 
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