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1 Introduction

The “Further enhancements for H(e)NB mobility-Part 2” WI has been approved at the recent RAN plenary meeting. The goal of its LTE part is to standardize X2-Gateway [1].
Although the concept of X2-GW has been heavily discussed in SI phase, there is a barely touched question that whether X2 connectivity between X2-GWs is allowed or not. In this contribution, we focus on this open issue and provide our considerations and preference.
2 Discussion
2.1 Setup and maintenance of X2 connection
With respect to the macro-femto deployment, the mechanisms of establishing and managing X2 connections by an X2-GW between eNB and HeNB were extensively studied. As illustrated in [2], the X2-GW appears to its peer (H)eNB as another eNB. This implies that from X2-GW’s aspect, it can establish an X2 connection with another X2-GW in the same manner as it does with an eNB. For better understanding, detailed signalling procedure is demonstrated in Fig. 1.
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Fig. 1: Establishment of X2 connection between X2-GWs.
As shown in Fig. 1, the signaling flows are identical to the case of eNB-HeNB indirect X2 connection setup. Moreover, it is not difficult to deduce that in case of no X2 connection between HeNB0 and HeNB GW1, the X2 connection setup procedure between X2-GWs is viable too.
Observation 1: The X2 connectivity between X2-GWs is technically viable.
However, although there is no technical issue for establishment, the maintenance of such an X2 connection may demand more efforts than the eNB-HeNB scenario. More specifically, HeNBs may be (de)activated frequently and may be moved from one geographical area to another, thus the X2-GWs need to communicate with each other from time to time to update the information of their managing cells.
Observation 2: The maintenance of X2 connection between X2-GWs needs more efforts than the case of eNB-HeNB scenario.
2.2 Necessity of applying inter-GW X2 connection
For macro-femto deployment, one major task for X2-GW is to minimize the SCTP layer overhead imposed on macro eNB, since a macro eNB may have dozens of neighboring HeNBs. Note that for a HeNB, the number of its neighbor HeNBs would be limited due to the small footprint of femto cell. In comparison to direct-X2 solution, since there is only one X2 connection between HeNB and its X2-GW, the benefit of using X2-GW to minimize SCTP layer overhead is not significant.
Observation 3: With respect to the indirect X2 connections between HeNBs, the benefit of using X2-GW for the purpose of minimizing SCTP layer overhead is insignificant.
Another purpose of deploying X2-GW is to offload X2AP signaling processing operations. As mentioned in [2], X2-GW shall relay UE-dedicated X2 signalling messages and terminate non-UE-dedicated X2 signaling between (H)eNB and HeNB. Note that UE-dedicated X2 signalling is handover-related and non-UE-dedicated X2 signaling is cell-specific. As the handover signaling must be eventually handled by (H)eNB, the X2-GW is not helpful in this case. Thus, only cell-specific signaling could be considered. However, as mentioned in Observation 2 that the X2-GW likely communicates with another X2-GW much more frequently than the case of it does with an eNB, it again implies that the benefit of deploying X2-GW in this case is not significant.
Observation 4: In the context of indirect X2 connection between HeNBs, the benefit of deploying X2-GW for offloading X2AP signaling processing operations is not significant.
Based on the above observations, we conclude that although the X2 connectivity between X2-GW is technically viable for HeNB-HeNB deployment, but this feature is not beneficial as the case of deploying X2-GW between HeNBs and eNB. More explicitly, the X2-based handover performance between HeNBs connected to different X2-GWs would be degraded since two additional hops are required between the HeNBs. Therefore, we propose that the X2 connectivity between X2-GWs should not be supported. 
Proposal 1: The X2 connectivity between X2-GWs should not be supported.  
One may argue that in case of X2 connectivity between X2-GWs is not supported, some of their HeNBs would lose the chance to employ X2-based HO. However, these HeNBs can alternatively establish direct X2 connections, independent of whether or not the X2-GW is deployed to concentrate the X2 connections between HeNBs and eNB.
Proposal 2: HeNBs should be allowed to establish direct X2 connections, independent of whether or not the X2-GW is deployed to concentrate the X2 connections between HeNBs and eNB.
3 Conclusion

In our point of view, we analyzed the feasibility of X2 connectivity between X2-GWs and several observations have been made as follows:
Observation 1: The X2 connectivity between X2-GWs is technically viable.
Observation 2: The maintenance of X2 connection between X2-GWs needs more efforts than the case of eNB-HeNB scenario.
Observation 3: With respect to the indirect X2 connections between HeNBs, the benefit of using X2-GW for the purpose of minimizing SCTP layer overhead is insignificant.
Observation 4: In the context of indirect X2 connection between HeNBs, the benefit of deploying X2-GW for offloading X2AP signaling processing operations is not significant.
Based on the above discussions, we propose that:
Proposal 1: The X2 connectivity between X2-GWs should not be supported.
Proposal 2: HeNBs should be allowed to establish direct X2 connections, independent of whether or not the X2-GW is deployed to concentrate the X2 connections between HeNBs and eNB.
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