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1 Introduction

The objective of enhanced HeNB part II [1] is to define X2-GW. It states the aspects expected for X2-GW as following:
Stage 2 and stage 3 specification work shall be performed for the introduction of an X2-Gateway entity with the following properties

-
The X2-GW shall be explicitly defined but optional to deploy.

-
The X2 interface to the X2-GW shall reuse SCTP without any changes.

- 
The S1-GW shall be decoupled from the X2-GW.

-
Priority should be given to minimize implementation impact on the eNB and HeNB, thus minimizing the standard impact.

-   Minimize the complexity of the X2-GW,  

-
The X2-GW shall not terminate UE-dedicated procedures (only route in a similar way as e.g. the S1 HeNB GW)

-
The X2-GW may terminate the non-UE dedicated procedures when appropriate.

The properties specify the limitations on standardization of X2-GW. Based on them, the type of X2 connection (End-to-End connection or Hop-to-Hop connection) and the details of X2 connection setup need to be discussed as beginning. It seems that various options can be used for X2 connection, and they might have significant impacts on X2-GW implementation. 
In this paper we would like to discuss the type of X2 connection and the impacts on the X2 Setup procedure with X2-GW deployment.
2 Discussions
From the discussion in previous meetings, most of arguments are focus on the necessity of X2-GW. As WI has been setup, we should discuss the details of X2-GW solution.

2.1 E2E vs. H2H X2 Connection
One of the X2-GW properties in WID specifies that reuse SCTP without any change for the X2 interface to the X2-GW. It ruled out the possibility to do modification on SCTP to use new mechanism on transport layer. But it is not clear what kind of connection will be used for X2 connection, i.e. End-to-End (E2E) connection or Hop-to-Hop (H2H) connection. The E2E connection means that X2-GW does not have aggregation function, i.e. how many pairs of eNB-HeNB connection means how many SCTP connections between X2-GW and eNB. The H2H connection means that X2 is connected through intermediate nodes with X2AP message interpretation, such like proxy function in DeNB.
These two kinds of connection will have large impact on final solution. 

· E2E X2 connection

· Pros: Easy for message routing.
· Cons: Difficult to use aggregation function in intermediate nodes. The overhead of SCTP connections will not be avoided.
· H2H X2 connection

· Pros: Aggregating X2 connections between HeNB and X2-GW.
· Cons: More work for message routing is needed. As the mechanism same with DeNB, it requires X2-GW to maintain some routing information about (H)eNB.
The main purpose of introducing X2-GW is to relieve the overhead from SCTP by aggregating X2 connection between HeNBs and their serving X2-GW. Obviously, E2E connection will not meet the purpose. The X2 messages passing through X2-GW without interpretation could not reduce the number of SCTPs, the overhead of HeNB/X2-GW from SCTP is still remain.
Therefore we have conclusion that E2E X2 connection is not suitable because the overhead from SCTP is still remain and the SCTP shall be re-used unchanged. The H2H X2 connection is more suitable for X2-GW solution.

Observation 1: H2H X2 connection has more benefit than E2E for X2-GW solution.
2.2 X2 Setup procedure with X2-GW
There are two options on how to routing X2AP messages. The first one based on explicit routing information, i.e. including addresses information of source and target nodes in X2AP messages to help X2-GW to perform routing function. The other one based on implicit routing information, i.e. X2-GW forwards message according to existing information, such like eNB X2AP IDs, to the target node by mapping table.

Some companies proposed routing mechanisms based on explicit routing information, e.g. adding RNL address information or TNL address information of source and target (H)eNBs in X2AP message. We would like to discuss the solution begin from X2 Setup procedure.
2.2.1 Routing mechanisms based on explicit routing information
The ANR-triggered X2 connection setup procedure consists of two parts (e.g. as Figure 1), the TNL address retrieval part (as Step 1 to Step 6 in Figure 1) and the X2 interface setup part (Step 7 to Step 10 in Figure 1). If explicit routing information applied, the source and target node address are contained in the messages from Step 7 to Step 10.

In Figure 1, the X2-GW is assumed to be deployed together with serving S1-GW in the same HeNB-GW.
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Figure 1: X2 Setup procedure with X2-GW by explicit routing information (Option 1)
Upon receiving MME CONFIGURATION TRANSFER message (in Step 5), there are two options the HeNB-GW/S1-GW could be done.
· Option 1 is that S1-GW passing through the message without changing TNL address information. 
· The Option 2 requires S1-GW to replace eNB’s TNL address with X2-GW TNL address and send it to HeNB.
By Option 1, the TNL address of target node which is received in Step 6 indicates that the TNL connection should be established towards eNB instead of X2-GW. Therefore, HeNB shall initiates X2 Setup towards eNB by sending X2 SETUP REQUEST to X2-GW. Although source and target address information are provided to help X2-GW to forward X2 message correctly, it is obviously that a direct X2 connection is established.
In Option 2, the TNL address retrieved by HeNB is the address of X2-GW. By this way, X2-GW needs to store the information about mapping between the X2 towards HeNB and the X2 towards eNB, which is the function like DeNB. It deduced that X2-GW shall support mapping function for routing purpose and the explicit routing information is not necessary to be contained in X2AP.
Observation 2: By ruling out E2E X2 connection, it seems explicit routing information has little beneficial on X2 Setup procedure.
2.2.2 Routing mechanisms based on implicit routing information
By this mechanism, no more information about source and target ID address is required to be included in X2AP message, which is very similar with DeNB for relay function. The X2 Setup procedure for this mechanism is showed in Figure 2.
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Figure 2: X2 Setup procedure with X2-GW by implicit routing information
The procedure has been supported by relaying function in existing specifications and it is almost a straightforward mechanism for X2-GW. However, it requires modifications on S1-GW and X2-GW:
· Replace TNL address information in MME CONFIGURATION TRANSFER with the related information of X2-GW by S1-GW. The RNL address of X2-GW should be pre-configured in S1-GW.
· Remain mapping information in X2-GW to provide proxy function.

Observation 3: DeNB-like function can be re-used for X2-GW with modification.
3 Conclusion
From discussion in Section 2, we have following observations:
Observation 1: H2H X2 connection has more benefit than E2E for X2-GW solution.
Observation 2: By ruling out E2E X2 connection, it seems explicit routing information has little beneficial on X2 Setup procedure.
Observation 3: DeNB-like function can be re-used for X2-GW with modification.
From the observations, we have following proposals to RAN3:
Proposal 1: The X2 connection between eNB and HeNB via X2-GW should be H2H rather than E2E.
Proposal 2: It is kindly ask RAN3 to study pros and cons of routing mechanisms, e.g. based on explicit routing information and implicit routing information.
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