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1 Introduction 
In RAN3#80 meeting, solution G1D and G2C are selected from Group 1 and Group 2 solutions respectively as candidate solutions for down-selection. Here we focus on the potential problems with X2-GW deployment on solution G1D and G2C.

2 Discussion
2.1 How to avoid the X2 connection misusage on G1D
When the X2 GW is introduced into the network, the following scenarios will be reasonable to exist.
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Figure1: X2 GW proxy:{eNB1, HeNB2}、{eNB1, HeNB3}     Figure2: X2 GW proxy:{eNB1, HeNB2}、{HeNB2, HeNB3}

Direct X2:{HeNB2, HeNB3}                                                     Direct X2:{eNB1, HeNB3}

According to the way forward[1], both options of direct and indirect(via X2-GW) X2 connection are allowed between (H)eNBs. A (H)eNB may have both eNB and HeNB neighbors. In case of the dense deployment of HeNBs, indirect X2 connection is preferred between eNB and HeNBs, while it is desirable to maintain direct X2 interface between HeNBs (See Figure1), such as in shopping mall area. In some other cases for some special management policy, direct X2 interface is prefered between eNB and some certain HeNB (See Figure2). 
Figure1 illustrates that eNB1 sets up the X2 connection with HeNB2 and HeNB3 via X2 GW separately. However, HeNB2 and HeNB3 are preconfigured to use direct X2 interface. As a result, though the X2 connections between X2 GW and HeNB2, and between X2 GW and HeNB3 have already existed, X2 GW based indirect X2 connection shouldn’t be be used between HeNB2 and HeNB3. 
Similarly, Figure2 shows that eNB1 sets up the X2 connection with HeNB2 via X2 GW, HeNB2 sets up the X2 connection with HeNB3 via X2 GW. However, eNB1 and HeNB3 are preconfigured to use direct X2 interface. Though the X2 connections between X2 GW and eNB1, and between X2 GW and HeNB3 have already existed, X2 GW based indirect X2 connection shouldn’t be be used between HeNB3 and eNB1.  
It is convinced that the HeNB is pre-configured with the IP address of the X2-GW as agreement for all solutions according to the previous meeting, while whether the eNB is pre-configured with the IP address of the X2-GW or not is not decided yet. 
And according to the way forward on G1D [2]:

· We eliminate the option to rely on a configuration of a “X2GW IP@ per target (H)eNB”  in the source (H)eNB. But whether we have configuration of one or multiple X2GW IP@s in eNB in general (but not per target (H)eNB ) and whether this would be mandatory for eNB is FFS for next meeting.
The eNB knows the ip@ of the X2GW(s) either by configuration, or by triggering a TNL address discovery towards the target HeNB. Eventhe eNB knows the ip@ of the X2GW(s) by configuration, it is still lack of the information that whether to use the X2-GW or not for the X2 interface with certain peer HeNB.
On the other side, if the eNB knows the ip@ of the X2GW(s) by triggering a TNL address discovery towards the target HeNB. Though the X2 GW ip@ included in TNL address discovery can imply that indirect X2 connection should be used between eNB and HeNB, the ANR function is optional for eNB which means it can’t always work. And it will also introduce large S1 signalling overhead since each pair of (H)eNBs always needs the TNL discovery process to decide the X2 interface type for X2 connection, i.e. using the X2-GW or not. 

If (H)eNB cannot determine which type of X2 connection should be used for each pair of (H)eNBs, the improper use of X2 interface will occur. For example, HeNB2 may send X2 AP messages to HeNB3 via X2 GW rather than use direct X2 interface in Figure1, eNB1 may send X2 AP messages to HeNB3 via X2 GW rather than use direct X2 interface in Figure2.
Therefore, there has the possibility that the improper use of X2 interface will happen in G1D due to different X2 deployment requirements and the lack of X2 type information. How to avoid such kind of improper use of X2 connection becomes an important issue which needs to be solved when we choose the final solution. 
Proposal1: The improper use of the ready X2 interface should be avoided without any confusion on G1D .
2.2 How to reduce the TNL address discovery procedure to HeNBs
Considering the dense deployment of HeNBs in the network, where there are up to several hundred HeNBs under the coverage of the eNB, the eNB will be busy with detecting HeNBs and disturbed by frequently initiating TNL address discovery procedure to HeNBs. Therefore how to reduce the TNL address discovery procedure to HeNBs and decrease the signalling overload to MME will be another important issue.  Each pair of (H)eNBs always needs the TNL discovery process to decide the X2 interface type for X2 connection, using the X2-GW or not on G1D and G2C. 
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 Figure1: the traditional signalling flow for the TNL address discovery procedure to HeNBs
According to Figure1, we can see the common traditional signalling flow for the TNL address discovery procedure to HeNB on G1D and G2C, and the following processes need to be introduced:

1) On step1, X2-GW needs to achieve and store the current the corresponding TNL addresses of the connected HeNBs for X2 AP messages transferring on G2C. While the mapping infor of HeNBs ID and the corresponding TNL addresses of the connected HeNBs will be stored by Registration procedure on G1D.
2) The target (H)eNB ip@ needs to be introduced in X2 AP messages for routing purpose. Especially, the source (H)eNB ID/ ip@ also needs to be introduced in some X2 AP messages to avoid the confusion caused by the delay over X2 interface, e.g., X2 Setup Failure message. Such (H)eNB pair identification is needed in case of parallel X2 AP procedures involving different (H)eNB pairs, because there has the possibility that the source node will receive several response messages out of order. 

In addition, if eNB detects other serving cells of different HeNBs connected with the same X2-GW, eNB still need to trigger TNL address discovery procedure to these HeNBs in order to complete the X2 Setup procedure with different target HeNBs, which does not meet the requirement on reducing the signalling overhead induced by the TNL address discovery process as possible as we can in [1]. 
Therefore, how to reduce the unnecessary TNL address discovery procedures on G2C should be further studied and find the solution. For example, if X2-GW can store and transfer the cell information related with its connected H(e)NBs, the TNL address discovery procedure to HeNBs can be reduced.

Proposal2: Reduce the TNL address discovery procedure to HeNBs on G1D and G2C should be studied.
3 Conclusion and proposals
In this paper, we discussed use cases and solutions on avoiding improper use of X2 connection under X2 GW deployment on G1D and how to reduce the TNL address discovery procedure to HeNBs on G1D and G2C. According to the above analysis, the following proposals are raised in RAN3:

Proposal1: The improper use of the ready X2 interface should be avoided without any confusion on G1D.

Proposal2: Reduce the TNL address discovery procedure to HeNBs on G1D and G2C should be studied.
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