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1 Introduction 
In RAN3#81, X2 Setup procedure between two (H)eNBs were down-selected to one and the following agreements were made:

· Target RNL ID  included in X2 Setup Request

· WA Specify a new registration procedure for the HeNB

These methods are part of the solution G1D which also included that X2-GW address is learned by using the TNL discovery procedure. It was also recognized in RAN#81 that there are several options which can build on G1D [2]. In this document, we discuss these options and remaining issues and propose further agreements for a complete X2 Setup solution.
2 Discussion

Based on the RAN3#81 agreements, the remaining issues for X2 Setup can be listed as follows:

1. Using RNL ID in the X2 Setup procedure

2. X2-GW address discovery at the eNB
3. Selection of direct or in-direct (via X2-GW) X2 setup between two (H)eNBs
4. Indirect X2 Setup with an eNB which did not register with an X2-GW
The issues for the registration procedure are discussed in a companion paper [3]. In the sequel here, it is assumed that an X2-GW knows the RNL-TNL ID mapping for all HeNBs which are configured with the address of this X2-GW. We will also use the terminology where source and target (H)eNB refer to the node which sends the X2 Setup Request and Response respectively. 
Issue 1
When the feasible options for the X2 Setup were proposed and discussed extensively in the previous meetings, one of the main aspects was the routing of the X2 Setup messages (both request and response). The pros and cons of TNL vs RNL ID was extensively discussed during down-selection and it was decided to use the RNL ID. The agreements in RAN3#81 only includes using the RNL-ID in the X2 Setup Request; however the same information is obviously needed in the Setup Response and this was always an essential part of the feasible solutions which relied on RNL ID routing. Therefore, we propose that
Proposal 1: The (H)eNB RNL ID of the target and source are included in the X2 Setup Request and Response messages respectively. The X2-GW uses the RNL ID information to identify the TNL ID of the correct (H)eNB.
Issue 2
It has already been agreed that a HeNB will be configured with the TNL address of the unique X2-GW that it is connected to. However, it has not been decided how an eNB can determine the X2-GW TNL address when it wants to initiate an indirect X2 Setup to a HeNB. There are three alternatives:
a) The X2-GW address is provided through TNL discovery where the target HeNB includes the X2-GW address in the SON Configuration Transfer (this was already part of the G1D solution).
b) The X2-GW address is determined via configuration at the eNB based on the HeNB PCI or E-CGI with the X2-GW it is connected to.
c) The eNB is configured with the addresses of all the X2-GWs in its neighborhood (similar to the HeNB configuration). The eNB will then need to send an X2 Setup Request to all the X2-GWs to find the correct one.
Alternative a) also has two variants: Using eNB X2 Transport Layer Addresses IE or introducing an additional specific IE for the X2-GW. These will be called a1 and a2 respectively.

During the down-selection discussion, there was more support for Alternative a) compared to b) and c) and therefore it is reasonable to propose this as the way forward. Both a1 and a2 are feasible to determine the correct X2-GW. However alternative a2 explicitly tells the source the X2-GW address which the source can ignore if need be; it has also the additional benefit of solving Issue 3 as discussed below. Therefore,
Proposal 2: A source eNB obtains the X2-GW TNL address for a target HeNB through a separate IE in the SON Configuration Transfer.
Issue 3
It was agreed to allow both direct and indirect (via X2-GW) X2 connections between a HeNB and another (H)eNB. However, a (H)eNB may not support the indirect connection or it may prefer to use a direct one. This decision of direct vs indirect needs to be made at the connection setup by either the source or target (H)eNB or both.
If the source (H)eNB makes the decision, it needs to know the TNL address it gets belongs to an X2-GW or not before sending the request. For this purpose, an explicit signaling of whether the address is for the target (H)eNB or X2-GW is needed. A simpler solution is where X2-GW address is signaled separately than the (H)eNB one in the TNL discovery response. This corresponds to Proposal 2 above and will be assumed here. 
Then, if the target HeNB wants to use indirect connection, it will include the X2-GW address; otherwise it will send only its own address. However, the source (H)eNB can still have the flexibility to select direct or indirect based on other implementation factors when it receives the X2-GW address.
Proposal 3: A target HeNB includes the X2-GW TNL address in the SON Configuration Transfer if it is able to use indirect connection with the source (H)eNB.

A HeNB can make this decision based on certain information it has about the source (H)eNB. For example, if it knows that the source HeNB belongs to the same CSG, it might only send its own address for a direct connection. If the source (H)eNB supports indirect connection and it gets an X2-GW address in the response, it can prefer to use this. For implementation flexibility, this choice can be left to the source (H)eNB.

Proposal 4: When a (H)eNB receives an X2-GW address in the SON Configuration Transfer, it can use indirect X2 connection when it supports this feature.

The problem is a little more complicated when a HeNB discovers an eNB which is not connected to an X2-GW. Then, since the source would only get one address in the TNL discovery procedure, it does not know if the target can support X2-GW or not. If the target is a Rel-12 eNB, it can signal this information explicitly by using a reserved value in the X2-GW TNL address IE in Proposal 2. Another option is for the HeNB to initiate indirect connection first (assuming this is its preferred mode) and, if this fails, use direct connection. Both options can be supported in the standard.
Proposal 5: When a (H)eNB does not receive an X2-GW address in the SON Configuration Transfer, it can attempt both indirect and direct X2 connections. If a target eNB includes a special value in the X2-GW address to indicate that it is not connected to an X2-GW but supports indirect option, the source can use this information in the decision.
Issue 4

If an eNB does not register with an X2-GW, its RNL-TNL ID mapping will not be known to the X2-GW. In that case, there will be a routing problem at the X2-GW when either this eNB initiates the connection or another HeNB initiates the connection with this eNB.

If the eNB receives an X2-GW address and initiates the X2 connection, then the X2-GW needs to know the TNL address of this eNB to route the X2 Setup response. There are three options:

a) The eNB registers with the X2-GW before sending the X2 Setup.
b) The X2-GW learns the eNB address from the X2 Setup Request message.
c) HeNB sends the target eNB TNL address information (received in the SON Configuration Transfer) to the X2-GW by using the registration message.
Option a) again requires defining the registration procedure for the eNBs. Option b) is implementation and does not have standard impact. Option c) relies on having the optional source TNL address in the SON Configuration Transfer. 

Proposal 6: RAN3 to discuss issue 4 and decide if option b) is sufficient as a solution and if not standardize option a) or c).
If a HeNB connected to this X2-GW attempts an indirect X2 connection setup with this eNB, the connection setup will fail since the X2-GW does not know where to send the response to. This problem has been recognized in previous meetings. We note that option a) can also solve this issue. Other possible options are:

d) HeNB does not initiate an X2 connection with a macro eNB.
e) HeNB sends the target eNB TNL address information (received in the SON Configuration Transfer) to the X2-GW by using the registration message.
Regarding options d) and e),
· Option d) restricts the X2 connection and it will delay X2 connection until an eNB UE discovers this particular HeNB. In addition, the source HeNB needs to know if the target is a HeNB or not in deciding to initiate connection or not.
· Option e) requires expanding the registration procedure to include RNL-TNL information of neighbors
Proposal 7: If RAN3 does not agree on option a), either select option d) or e)
3 Conclusions

In this contribution, we discussed the remaining issues in the X2 Setup procedure based on the agreements in RAN3#81. The following proposals are made: 

Proposal 1: The (H)eNB RNL ID of the target and source are included in the X2 Setup Request and Response messages respectively. The X2-GW uses the RNL ID information to identify the TNL ID of the correct (H)eNB.
Proposal 2: A source eNB obtains the X2-GW TNL address for a target HeNB through a separate IE in the SON Configuration Transfer.

Proposal 3: A target HeNB includes the X2-GW TNL address in the SON Configuration Transfer if it is able to use indirect connection with the source (H)eNB.

Proposal 4: When a (H)eNB receives an X2-GW address in the SON Configuration Transfer, it can use indirect X2 connection when it supports this feature.

Proposal 5: When a (H)eNB does not receive an X2-GW address in the SON Configuration Transfer, it can attempt both indirect and direct X2 connections. If a target eNB includes a special value in the X2-GW address to indicate that it is not connected to an X2-GW but supports indirect option, the source can use this information in the decision.

Proposal 6: RAN3 to discuss issue 4 and decide if option b) is sufficient as a solution and if not standardize option a) or c).

Proposal 7: If RAN3 does not agree on option a), either select option d) or e).
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