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1   Introduction 
This contribution analyzes whether uses end-to-end X2 setup, or hop-by-hop X2 setup.
2   Detailed analysis 
RNL ID

Last RAN3 meeting agreed that the target RNL ID is included in X2 Setup Request message. In order to complete the X2 setup procedure, the target RNL ID shall also be included in X2 Setup Response message, and X2 Setup Failure message. Otherwise, the X2-GW cannot route the X2 Setup Response message and the X2 Setup Failure message to the correct target.
Proposal 1: The target RNL ID is included in X2 Setup Request message, X2 Setup Response message, and X2 Setup Failure message.
End-to-end X2 setup or hop-by-hop X2 setup
As described in TR37.803, there are two proposals for X2 via X2-GW, i.e. end-to-end X2 and hop-by-hop X2. In current macro system, the eNB initiates the X2 setup when it knows the information of the neighboring eNB. The X2 is setup as needed. This principle shall not be changed regardless whether end-to-end or hop-by-hop is adopted.
· End-to-End X2

In end-to-end X2 approach, the eNB (or HeNB) initiates the X2 setup when it detects the neighboring HeNB (or eNB), which is the same as current method. In case the target node reject the X2 setup, the X2 Setup Failure message is sent back to the initiating eNB. 
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Figure 1 – X2 setup for end-to-end solution
· Hop-by-Hop X2

In hop-by-hop X2 approach, it is unclear how the X2 is setup between the (H)eNB and the X2-GW.
· The initial X2 setup between (H)eNB and X2-GW

For successful operation, the initial X2 setup procedure is similar to end-to-end. 
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Figure 2 – eNB initiated initial X2 Setup (successful operation)
However, there are some issues if the target HeNB rejects the X2 setup. Upon the reception of the X2 Setup Failure message from HeNB (i.e. Step 3) in below figure, what will be sent to the initiating eNB? There are two options.
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Figure 3 – eNB initiated initial X2 Setup (unsuccessful operation)

· Option 1: the X2-GW accepts the X2 setup by sending X2 Setup Response message to eNB. Since the target HeNB rejected the X2 setup, the X2-GW cannot add target HeNB as Served Cell in the X2 Setup Response message. But the Served Cell IE is mandatory in the X2 Setup Response message, so this option does not work. 
· Option 2: the X2-GW rejects the X2 setup by sending X2 Setup Failure message to eNB. This still have the issue. In case the target HeNB set the Time to Wait IE in the X2 Setup Response message. The X2-GW shall forward the Time to Wait IE to eNB. The eNB has to wait at least for the indicated time before reinitiating the X2 Setup procedure, even when the eNB want to setup with a different HeNB.  
Issue 1: How to handle the unsuccessful operation when target HeNB rejects the X2 setup? 
· The further X2 setup after (H)eNB setup X2 with X2-GW.

In hop-by-hop solution, the (H)eNB only have one X2 with the X2-GW. After the (H)eNB setup X2 with the X2-GW, it is unclear how to setup the X2 relationship with other (H)eNBs. Let’s first consider the eNB initiated X2 setup. According to TR37.803, the eNB initiates the eNB Configuration Update procedure indicating the new neighboring HeNBs. The X2-GW checks the neighboring cell information received from the eNB. For every listed neighboring HeNB, the X2-GW performs following functions

· If the X2-GW does not have X2 with this HeNB, X2-GW initiates X2 setup with this HeNB.

· If the X2-GW already has X2 with this HeNB, X2-GW initiates eNB Configuration Update procedure to inform the HeNB that the X2-GW has new serving cell, i.e. eNB’s cells.

This is a new behavior for eNB. In current system, when an eNB want to setup X2 with a neighboring node, the eNB just initiates the X2 setup procedure. While in hop-by-hop solution, the eNB uses X2 Setup for the initial X2 setup, then uses eNB Configuration Update procedure for further neighboring nodes. It is also unclear whether the eNB only initiates the eNB Configuration Update procedure for those HeNBs that support X2-GW, or for all HeNBs.   

Issue 2: Does the eNB initiate the eNB Configuration Update procedure only for those HeNBs that support X2-GW, or for all HeNBs?
Below figures shows a successful operation. After the X2-GW sends the eNB Configuration Update Ack to eNB1 (Step 4), the X2-GW need to initiate an eNB Configuration Update procedure to inform eNB1 that HeNB1 is available via X2-GW (Step 5 and Step 6). After Step 6, both eNB1 and HeNB1 know the peer node is available via X2-GW.
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Figure 4 – eNB initiated further X2 Setup (successful operation)

For unsuccessful operation, the whole procedure can fails, for example, eNB1 reject the eNB Configuration Update procedure initiated by X2-GW (Step 6 in below figure). This can cause inconsistent state in eNB1 and HeNB1, i.e. HeNB1 thinks eNB1 is available via X2-GW, but eNB1 thinks HeNB1 is unavailable via X2-GW. One may argue to let X2-GW initiates an eNB Configuration Update procedure to inform HeNB1 that eNB1 is unavailable (Step 7). This seems strange to HeNB1 that it just knows eNB1 is available in Step 3, then eNB1 is changed to unavailable in Step 7. It also causes a weird result that HeNB1 has an X2 available with X2-GW, but it does not have any served cell information of X2-GW (since Step 7 deled eNB1’s cells)
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Figure 5 – eNB initiated further X2 Setup (unsuccessful operation - 1)

Issue 3: How to handle the unsuccessful operation when the eNB rejects the eNB Configuration Update procedure initiated by the X2-GW to inform the HeNB is available?
There is another unsuccessful operation when target HeNB rejects the X2 setup (shown in below figure). Upon the reception of X2 Setup Failure message from HeNB1, does the X2-GW still send the eNB Configuration Update Ack message to eNB1, or send the eNB Configuration Update Failure message? 
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Figure 6 – eNB initiated further X2 Setup (unsuccessful operation - 2)

Issue 4: How to handle the unsuccessful operation after the (H)eNB rejected the X2 Setup procedure initiated by the X2-GW?
The hop-by-hop solution has several other issues:

· Issue 5: Current eNB Configuration Update procedure is only used to update application level configuration data. With the new purpose of the eNB Configuration Update procedure, the X2-GW need to differentiate whether it is a normal eNB Configuration Update procedure just for updating the parameters, or a “new” eNB Configuration Update procedure which need to trigger the X2 setup with target nodes? 

· Issue 6: X2-GW treats all listed neighboring HeNBs as target HeNBs. How to support the case when the eNB only want to setup X2 with some but not all neighboring HeNBs?
These issues require further enhancement to eNB Configuration Update procedure, which complicates existing eNB Configuration Update procedure with the original intention to update application level configuration data needed for two eNBs to interoperate correctly over the X2 interface.
Due to these issues for hop-by-hop solution, it is proposed to adopt the end-to-end solution.
Proposal 2: adopts end-to-end solution. 

3   Conclusion and Proposals
This contribution analyzed the scenarios and possible issues X2 setup using end-to-end solution, and hop-by-hop solution. Our proposals are:
Proposal 1: The target RNL ID is included in X2 Setup Request message, X2 Setup Response message, and X2 Setup Failure message.
Proposal 2: adopts end-to-end solution. 
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