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1 Introduction

X2-GW-based method was considered as a candidate solution for enhanced mobility between Macro-eNB (MeNB) and open-mode HeNB at RAN#AH Beijing meeting. RAN3 also agreed on the working assumptions for X2-GW-based solution as follows [1]:
· X2-GW functionality is located in the HeNB-GW

· Same principles used for S1-GW (in HeNB-GW) should be used for X2-GW
Some details have been provided concerning how the UE-associated and non-UE associated X2 application part messages is handled by the X2-GW functionality in HeNB GW, but no common understanding was reached. In this contribution, we extend our previous work in [2] and provide our understanding on the principles that should be adopted by the HeNB GW design for X2-GW functionality.
2 Discussion
When the HeNB GW is equipped with X2-GW functionality to support enhanced mobility, it is responsible for maintaining the indirect X2 connections between HeNB and MeNB. Since X2 application part messages can be categorized into UE-associated messages and non-UE associated messages, different methods should be used to properly handle the signaling procedures.
2.1. X2 AP UE-associated signaling messages
X2 Application Protocol (AP) Elementary Procedures (EPs) using UE-associated messages include:

· Handover Preparation

· SN Status Transfer

· UE Context Release

· Handover Cancel

· Error Indication (conditional)
These X2 AP EPs are designed for UE handover and thus are UE-dedicated. It means that the HeNB GW does not need to interpret the messages associated with these X2 AP EPs because it is not involved in the handover operation. Relevant operations are conducted by HeNB and MeNB which manage the UE-related contexts.
Proposal 1: X2 AP UE-dedicated EPs should be handled by HeNB and MeNB only.
Another issue is about the GPRS Tunnelling Protocol (GTP) endpoint address for UE uplink data forwarding. When the HeNB GW is deployed between the HeNB and the Evolved Packet Core (EPC) network, there can be two variant architectures from the S1 interface perspective [3]:
1. HeNB S1 C-plane is terminated at the HeNB GW and U-plane is terminated at the S-GW, as demonstrated in Fig. 1. The HeNB GW appears to the HeNB as a Mobility Management Entity (MME).
2. Both C-plane and U-plane of HeNB S1 are terminated at the HeNB GW, as demonstrated in Fig. 2. The HeNB GW appears to the HeNB as an MME and as an S-GW.

[image: image1.emf]HeNB 

GW

EPC

HeNB

S1-U

S1-MME

S1-U

S1-MME


Fig. 1: HeNB S1 C-plane is terminated at the HeNB GW and U-plane is terminated at the S-GW.
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Fig. 2: Both C-plane and U-plane of HeNB S1 are terminated at the HeNB GW.
Taking the above considerations into account, the processing and forwarding procedures for processing X2 AP UE-associated signaling messages should be:
· Route the message according to the target cell address;
· Modify the X2 AP UE ID(s) and maintain such mapping relationships between the HeNB-to-HeNB-GW side and the HeNB-GW-to-EPC side;
· Modify the uplink GTP tunnel endpoint address, if S1 U-plane is terminated at HeNB GW.
Other parts of the message should remain unchanged. Similar to the S1 AP scenario, the principle is summarized as the following proposal.

Proposal 2: The HeNB GW should relay UE-associated X2 application part messages between the MeNB and the HeNB which serve the same UE.
2.2. X2 AP non-UE-associated signaling messages
The X2 AP EPs using non-UE-associated signalling include:
· Load Indication

· Error Indication (conditional)

· X2 Setup

· Reset

· eNB Configuration Update

· Resource Status Reporting Initiation

· Resource Status Reporting

· Mobility Settings Change

· Radio Link Failure Indication

· Handover Report

· Cell Activation
The conventional X2 relationship is kind of peer-to-peer connection. When the X2-GW functionality is added into the HeNB GW for supporting indirect X2 AP connections between HeNB and MeNB, the HeNB GW appears to HeNB and MeNB as another eNB. In this case, the HeNB GW maintains a point-to-multipoint or multipoint-to-multipoint connections, because it serves as both a concentrator and a dispatcher on the X2 C-plane, as shown in Fig.3.
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Fig. 3: multi-point-to-multi-point connections between HeNB and MeNB
One user case is that HeNB A has an established HeNB-GW-managed indirect X2 connection with MeNB X. Then, if HeNB B sends an X2 SETUP REQUEST message to the HeNB GW in an attempt to establish an X2 connection with MeNB X, the HeNB GW should:
· Reply to HeNB B with the X2 SETUP RESPONSE message;

· Put HeNB B cell ID into the Served Cells To Add list in the ENB CONFIGURATION UPDATE message and then send to MeNB X.
The above processing method will not interrupt the existing connection and signalling procedure between HeNB A and MeNB X. By contrast, if the HeNB GW relay the X2 SETUP REQUEST message to the MeNB X, certainly the MeNB will be confused.

The HeNB GW should also store such a neighbour-cell context for the scenario, where for example when HeNB B is powered off, the HeNB GW will initiate an eNB Configuration Update procedure for requesting MeNB X to remove the HeNB B cell ID from its neighbour-cell list.
Another user case is the Resource Status Reporting Initiation procedure. The MeNB may use one RESOURCE STATUS REQUEST message to ask several cells served by the HeNB GW, which are actually several HeNB connected to the latter, to report resource status information. The HeNB GW should then:
· Based on the original message, reform multiple messages according to associated HeNB cell IDs in the Cell To Report list respectively;

· Dispatch the newly reformed messages to the corresponding HeNBs;

· Assemble responses from the HeNBs to one RESOURCE STATUS RESPONSE message;

· Send the assembled message to the MeNB.

the HeNB GW should also store the context of this successful Resource Status Reporting Initiation procedure in order to properly route the RESOURCE STATUS UPDATE message when Resource Status Reporting procedure beginning.
The above user case examples show that when receiving a non-UE-associated signaling message, the HeNB GW may:

· Interpret the message;

· Store necessary contexts for the current EP;

· Conditionally trigger another EP on the opposite side;

· Respond to the procedure initiator if necessary.
The stated processing principles demonstrate that all non-UE-dedicated procedures are handled locally at the HeNB GW for the connections between the HeNB and the HeNB GW as well as between the MeNB and the HeNB GW. How to interpret and process the non-UE-associated signaling messages depends on the status information of the corresponding X2 AP EPs managed by the HeNB GW. Additionally, internal operations completed by the HeNB GW are transparent to both the HeNB and the MeNB.
Proposal 3: For the X2 AP control plane, the HeNB GW should terminate non-UE-associated X2 application part procedures towards the HeNB and towards the MeNB.
3 Conclusion

Based on the discussions in Section 2, we suggest that RAN3 agrees on the following proposals:
Proposal 1: X2 AP UE-dedicated EPs should be handled by HeNB and MeNB only.

Proposal 2: The HeNB GW should relay UE-associated X2 application part messages between the MeNB and the HeNB which serve the same UE.

Proposal 3: For the X2 AP control plane, the HeNB GW should terminate non-UE-associated X2 application part procedures towards the HeNB and towards the MeNB.
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