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1 Introduction 
The way forward for X2-GW Additional connectivity requirements is agreed in R3-130380[1] and the different approaches were described in R3-130381[2] in last RAN3#79 meeting. Here we focus on the problem of the X2 connection misusage for X2-GW deployment.

2 Discussion
2.1 Use cases
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}

Figure1 illustrates that eNB1 sets up the X2 connection with HeNB2 and HeNB3 via X2 GW separately. Though the X2 connections between X2 GW and HeNB2, and between X2 GW and HeNB3 have already existed, HeNB2 should not send X2 AP messages to HeNB3 via X2 GW, they are preconfigured to use direct X2 interface.
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. Though the X2 connections between X2 GW and eNB1, and between X2 GW and HeNB3 have already existed, HeNB3 should not send X2 AP messages to eNB1 via X2 GW, if they are preconfigured to use direct X2 interface.
A (H)eNB may have both eNB and HeNB neighbors. Since eNB to eNB shares a direct X2 interface, and in some cases it is desirable to maintain a direct X2 interface between HeNBs (See Figure1), such as in shopping mall area, or for some special management policy, it is prefer to maintain a direct X2 interface between eNB and some certain HeNB (See Figure2).And both options of direct and via X2-GW X2 are allowed between (H)eNBs in [1]. 
It is convinced that the HeNB is pre-configured with the IP address of the X2-GW as agreement 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. For example, the eNB knows the ip@ of the X2GW(s) either by configuration, or by triggering a TNL address discovery towards the target HeNB, which includes the ip@ of its X2GW instead of its own ip@ in the reply.
Though the X2 GW ip@ included in TNL address discovery instead of HeNB’s own ip @ can imply that the X2 connection between eNB and HeNB is X2-GW X2, ANR is an optional function for eNB which means it can’t always work. And it will also introduce the signalling overhead of TNL discovery process, because 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. It may not meet the requirement on reducing the signalling overhead induced by the TNL address discovery process as possible as we can in [1].
On the other side, if the eNB is pre-configured with the IP address of the X2-GW, it is still lack of the information that whether to use the X2-GW or not for the X2 interface with some certain peer (H)eNB.
If the information that whether to use the X2-GW or not for the X2 interface for each pair of (H)eNBs is lacking, then the improper use of a ready 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 the ready X2 interface will happen on the above scenarios, which is due to different requirements on X2 deployment 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 X2 GW is introduced. 
2.2 Solutions
Only when the (H)eNB is aware of the type of X2 connection with peer (H)eNB, the improper use of the ready X2 interface can be avoided without any confusion. Then the possible solutions are analysed as below.
1) Solution1: Whether to use a direct interface or the X2-GW for the X2 interface should be configured both in eNB and HeNB.

If the configuration data of using a direct interface or the X2-GW for the X2 interface with neighbour (H)eNBs are configured  in HeNB side, it can solve the problem in Figure1.
If the configuration data of using a direct interface or the X2-GW for the X2 interface with neighbour (H)eNBs are also configured  in eNB side, it can solve the problem in Figure2.
This is a simple way to solve the problem, but it is hard to be implemented in practice on the side of the eNB. First of all, let’s consider the deployment of HeNBs in the network, if eNB is deployed in high density of HeNB area where there are up to hundreds and thousands of HeNBs under the coverage of the eNB, and HeNB is a kind of plus and plug devices, which means that it is usual that HeNBs will switch on/off frequently in the network. This approach means the eNB needs to save all the HeNB information locally, which is a big burden for eNB. After the HeNB powers on/off, such configuration information may also be changed. It will bring a lot effort in building and updating configuration information in the eNB to list which HeNBs can have a direct X2 interface with eNB and all other HeNBs can use the X2-GW to set up X2 connection with eNB.
Secondary, even the X2 type information are configured both in eNB and HeNB at the initial phase, there still has the possibility that when HeNB updates the configuration, e.g., from direct X2 to via X2-GW X2 with eNB. There is no way for eNB to align the configuration date with HeNB in time, which will bring a contradiction between pair (H)eNBs and may cause the operation failure.
Finally, nowadays operators pay more attention on the approach which is reduction in complexity and with a desire to bring down OPEX costs. Obviously, the X2 type configuration information in eNB will introduce much human intervention and increase the complexity of the management, configuration and maintenance on the eNB side.
2)  Solution2: Whether to use a direct interface or the X2-GW for the X2 interface should only be configured in HeNB.
Under this solution, there will have two options:
Option a) eNB gets and stores the X2 type information from HeNB in order to decide using direct X2 or via X2-GW X2 with this HeNB.
It is easy and practical to configure the X2 type information on HeNB, which is similar like the X2 GW ip@ configuration on HeNB. Usually, one HeNB connects with one eNB is enough due to the limited coverage. The configuration may look like a list of which neighbor (H)eNBs can have a direct X2 interface. For example, in figure1, the X2 type information on HeNB2 may list as:{HeNB2, eNB1; X2 GW proxy};{HeNB2, HeNB3; direct X2},and  the X2 type information on HeNB3 may list as:{HeNB3, eNB1; X2 GW proxy};{HeNB3, HeNB2; direct X2}.
If the X2 GW ip@ is configured in HeNB, it will setup the X2 connection with X2 GW when HeNB powers on. It is easily that when eNB establishes the X2 connection with X2 GW on demand,  the X2 type information between HeNB and eNB which is configured in HeNB can be transferred to eNB by X2 GW through the first X2 AP messages, e.g., X2 SETUP message. And if new HeNB is introduced in the network, X2 GW can use other X2 AP messages to pass the X2 type information between new added HeNB and eNB on to eNB, e.g., eNB configuration update message.
By this means, eNB gets and stores the X2 type information from HeNB used for subsequent decision on using direct X2 or via X2-GW X2 with HeNBs which are connected with X2 GW. 
Option b) eNB does not need to know the X2 type information, while X2 GW needs to get and store the X2 type information from HeNB. And X2 GW is responsible to filter the X2 AP messages between eNB and HeNB.
On option b), X2 GW will collect the X2 type information from all the HeNBs which connect with itself. Compared with option a), X2 GW does not need to transfer such kind of X2 type information to eNB. If eNB sends the X2 AP message to the HeNB, which via X2 GW X2 is not allowed between them, the X2 GW can refuse the current procedure with fail response to eNB, and indicated that the eNB should not use the X2 connection with target HeNB via X2 GW.
If Option b) is used, it releases eNB from manual operation about the processing of X2 type configuration data with a large number of neighbour HeNBs, which means that eNB does not need to store and maintain this mass of data. However, the data collection and X2 AP messages routing filter need to be done at X2 GW, this will bring the complexity of the X2-GW.
3 Conclusion and proposals
In this paper, we discussed use cases and solutions on avoiding improper use of X2 connection under X2 GW deployment. 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.

Proposal2: All the possible solutions should be evaluated and choose one to solve the problem.
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