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1   Introduction
In last RAN3 meeting, direct X2/X2GW handover were discussed as possible solutions for the mobility enhancement between HeNB and Macro eNB. This contribution gives a comparison of direct X2 and X2GW from deployment point of view. It shows the potential issues to X2 procedure based on direct X2 and X2GW. We also discuss briefly the support of X2 Handover in the HeNB before concluded on some necessary enhancement of the HeNB GW for X2GW based solution.
2   Discussion
2.1   The Comparison of direct X2/X2GW based on the deployement
As shown in figure1 and 2, HeNB is mainly applied in two scenarios, the high density area, such as shopping mall, and sparse area aiming to enhance coverage. Here, it is assumed that HeNBs in a Macro eNB area are connected to one HeNB GW for the practical requirement. 
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In fig.1, for High Density of HeNB, the Macro eNB just needs to keep only one X2 interface to HeNB GW based on X2GW solution, rather than so many X2 interface to HeNBs based on direct X2 solution. Compared with direct X2, X2GW improves the Macro eNB’s scalability, avoids the hardware upgrade to Macro eNB, and eases off IOT. 
However, for fig.2, Low Density scenario and Home deployment, X2GW solution doesn’t introduce significant benefit, except it reduces the HeNB’s X2 connection from a few to one compared with direct X2. 
Table1 gives a comparison of direct X2/X2Gw for the above two case.  
Table 1 The Comparison of direct X2/X2GW for two scenarios
	
	Direct X2 (High Density) 
	X2GW (High Density)
	Direct X2 (Low Density)
	X2GW     (Low Density)

	Number of X2 connections for Macro eNB
	Many 
	A few
	A few
	A few

	Number of X2 connections for Open HeNB
	A few
	1
	A few
	1

	The maintain of X2 interface for Macro eNB, e.g., SON and Heart Hop mechanism
	Heavy
	Light
	Light
	Light

	Hardware Upgrade to Macro eNB
	Yes
	Maybe no
	No
	No

	IOT for Macro eNB
	Necessary for each HeNB
	Only Necessary for HeNB GW
	Necessary for each HeNB
	Only Necessary for HeNB GW

	Data flow and processing on application protocol state for Macro eNB
	High
	High
	Middle
	Middle

	New signalling procedure to be specified
	No
	Yes
	No
	Yes


Based on the above analysis, the selection of solution based on direct X2 or X2GW does strongly depend on the deployment scenario. 
Furthermore, considering the shopping mall case, the X2 connection number based on direct X2 solution is similar to the Pico node. The scalability issue may be not a problem for Pico because there is no frequent switch on and off to Pico, Pico nodes are designed for robust X2 connection, which is not the first aim of HeNB.
We conclude from this discussion when considering the selection of direct X2 or X2GW, the decision should be made based on the clear deployment scenario. 
2.2   The GUMMEI issue relative to the X2 handover based on the direct X2 solution
According to the rel-9 agreement, the NNSF is performed by the HeNB GW. The HeNBs don’t have GUMMEI information available as required by X2 Handover Request Message. HeNB under a HeNB GW is no capable to perform a compliant X2 Handover.
Before continue discussion on X2 direct interface it should be clarify the lack of support of for HeNB, HeNB is not yet design to support X2.
2.3   The X2 Setup on the X2 connection setup based on X2GW solution
The reference [2] has given the first step of X2 connection setup based on X2GW solution. 
Here, we discuss some follow-up of X2 setup with HeNB GW involvement when eNB discovers new HeNB or HeNB discovers eNB.
2.3.1   Follow-up X2 setup procedure initiated by eNB
Figure 3 gives the X2 setup procedure when Macro eNB finds a new neighbor HeNB, after it has established an X2 interface with the HeNB GW for other HeNBs. 
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Figure 3 The flow-up X2 setup procedure initiated by eNB

Step1, eNB sent eNB Configuration Transfer message to get the HeNB’s TNL configuration information.

Step2, MME transferred this message to HeNB GW

Step3, Once HeNB GW received eNB/MME Configuration Transfer message, it should search whether the X2 interface to each eNB’s ID in eNB/MME Configuration Transfer message has been established.
Step4-5, HeNB GW sent its own adr2 to eNB, these are two optional steps.
Step6-7, After step3, if HeNB GW found that it had interface with source eNB and target HeNB, it sent the stored cell information of eNB/HeNB to each other by eNB Configuration Update Message instead of by the X2 setup message. These two steps will be executed after step 3, there is no early or late relation with step4-5.
Based on the above steps, eNB and HeNB established X2 GW interface with each other.
2.3.2   Follow-up X2 setup procedure initiated by HeNB
Figure 4 gives the X2 setup procedure when HeNB finds a new neighbor Macro eNB, after it has established an X2 interface with the HeNB GW for other Macro eNB.
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Figure 3 The flow-up X2 setup procedure initiated by HeNB
Step1, HeNB sent eNB Configuration Transfer message to get the eNB’s TNL configuration information.

Step2, Once HeNB GW received eNB/MME Configuration Transfer message, it should search whether the X2 interface to each eNB’s ID in eNB/MME Configuration Transfer message has been established.

Step3, HeNB GW sent its own adr2 to HeNB, this is an optional step.

Step4-5, After step3, if HeNB GW found that it had interface with source eNB and target HeNB, it sent the stored cell information of eNB/HeNB to each other by eNB Configuration Update Message instead of by the X2 setup message. These two steps will be executed after step 2, there is no early or late relation with step3.
Based on the above steps, eNB and HeNB established aX2 GW interface with each other.
For X2GW solution, the HeNB GW should be able to store X2 interface information and to help the follow-up X2 connection establishment to the Macro eNB and the HeNB.
3   Conclusion
Based on the above discussion, we give the pros and cons from direct X2 and X2GW in two typical scenarios, the difference of scalability issue to Pico and HeNB, and some issue related to X2 handover/setup based on direct X2/X2GW solution. 
The conclusion is as follows, 
1) When considering the selection of direct X2 or X2GW, the decision should be made based on the clear deployment scenario. 
2) Before continue discussion on X2 direct interface it should be clarify the lack of support of for HeNB, HeNB are not yet design to support X2. The GUMMEI IE is one issue.
3) For X2GW solution, the HeNB GW should be able to store X2 interface information and to help the follow-up X2 connection establishment to the Macro eNB and the HeNB.

4   Reference
[1] 36.423, “E-UTRAN X2 application protocol”.

[2] R3-101828, “X2 setup between macro eNB and HeNB-GW”.
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