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1 Introduction
X2 interface has become a hot topic recently for HeNB system. As a common understanding, introducing X2 interface will improve performance in certain scenarios. However, the X2 architecture is still undecided. The “direct X2” solution is investigated in SA3 for its security. At the same time, it is proposed to apply similar principles used for S1-GW in HeNB GW to achieve the “X2 GW-based” solution. In this contribution we present our view on co-exist X2 architecture solutions in HeNB system.
2 Discussion
2.1 Direct vs. GW-based X2 Connection
Requirement of X2 interface originally arise from handover optimization discussion. It naturally introduces SON feature if the interface is supported. To select the architecture, we should analysis the function requirement in different scenario.

Direct X2: In this solution, the involvement of the HeNB GW and EPC elements in the handover process is minimized. This leads to decrease of control plane signaling and user plane time latency.  However, the maintenance of the meshed connections increases the complexity of HeNB. Security is yet another big issue considers the HeNB is customer premise equipment. Therefore, we suggest applying “Direct X2” connections between HeNBs interact with each other intensively, e.g. enterprise scenario. In this scenario,  a group of HeNBs with same CSG configuration are closely deployed. The owner prefers handover between HeNBs than outbound. The interference between HeNBS in this scenario is relatively high, and ICIC feature could utilize the direct X2 connection as well. 
X2 GW-based: This solution could perfectly solve the security issue as connection will go through the SeGW to arrive HeNB GW. However, this leads to the lost of the superior performance (user plane) of X2 mobility. Yet another advantage is support X2 functions with little complexity in HeNB. Therefore, we suggest applying “X2 GW-based” connections between users with less in/outbound mobility requirement, but info exchanging to control interference or load is still necessary. This solution should be applied  between different group of enterprise HeNBs, between family HeNB users, between eNBs and HeNBs, etc. 
2.2 X2 Connections in HeNB System
In considerations of  previous discussion, we present an example HeNB network with X2 connections in Figure 1. Both directly connect X2 interface and GW-based X2 interface are supported in this example:
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Figure 1. X2 Connections in HeNB System
Large Enterprise Users: 
 The large enterprise (e.g. enterprise 1) may provide HeNBs with LAN access to the IP backbone.  HeNBs in this group setup direct X2 interfaces with each other to perform “intra-enterprise” handover and interference management. The X2-C and X2-U traffic is routed through enterprise LAN (maybe with NAT process).

For control plane procedure (e.g. ICIC, MLB etc.) with eNBs or HeNBs outside the enterprise area, the X2 connections are established through HeNB GW. X2-C and X2-U traffic traverse IP backbone, and protected by SeGW located between HeNB GW and HeNBs. In case the HeNB does not have a globally routable address, the HeNB GW shall also perform address translation 
Small / Medium Enterprise Users：
Similar to large enterprise, both direct and GW-base X2 connections are supported in a small/medium enterprise (e.g. enterprise 2 ) expect for both connection the traffic traverse IP backbone. Again direct X2 connection shall be used for intra-enterprise handover and coordination, while GW-based connection shall be used for coordination with HeNBs or eNBs outside the enterprise area.

Family Users:
Only GW-based X2 connection is necessary for family users. This mobility on this interface  is similar with S1 handover, however, all available X2 functions with nearby nodes (either eNB or HeNB) are supported with price to maintain one interface only.    
3 Conclusion
In this contribution, we analyze different X2 solutions with applicable scenarios. To generalize, we propose that:
Proposal 1: Both “direct X2” and “GW-based X2” should be support in HeNB system.
Proposal 2: Different X2 connection are adopted for different usage. Direct X2 connection is mainly used for intra-domain mobility and coordination; GW-based X2 connection is mainly used for inter-domain coordination.

Proposal 3: RAN3 should further discuss on details on coexistence of both X2 architecture.
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