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1 Introduction

The open issue related to the handling of HeNB switch on/off in X2 GW solution was addressed in the RAN3#77bis meeting [1]. Three possible solutions for solving this issue were proposed in the RAN3#80 meeting. This contribution mainly analyzes and discusses the solutions for solving the issue of HeNB switch off and gives our preference. 
2 Discussion
2.1 Issue Description

In X2 GW solution, a large number of HeNBs connected to the X2 GW may experience frequent switch on/off. When the HeNB switches off, the SCTP between the X2 GW and HeNB breaks, but the peer (H)eNBs are not aware the disconnection of SCTP with this HeNB. Therefore, it cannot avoid the useless signalling overhead because the peer (H)eNBs still initiate the X2 procedures towards this affected HeNB. 
2.2 Solutions Analysis
2.2.1 Solutions comparison

In order to make the peer (H)eNBs know that the SCTP association between X2 GW and HeNB fails, the following three solutions were considered: 
Solution 1: introducing a new X2AP message
In solution 1, it can introduce a simple new X2AP message to notify the peer (H)eNBs about the shutdown of HeNB, as proposed in [2][3]. Once receiving the new X2AP message, the X2AP context will be removed in the peer (H)eNBs. It seems that defining a new message in X2AP layer with the power-down of HeNB is simpler and clearer. Of course, the existing X2AP message eNB Configuration Update may be also used to inform the peer (H)eNBs about the power-down of HeNB.
Furthermore, since the notification of the shutdown of HeNB does not need any response, therefore, a new X2AP message for this purpose can be defined as a class2 procedure.
Solution 2: reusing the X2 registration procedure
The registration procedure is implemented by a new message to establish the mapping database of (H)eNBs’ ID and their IP address in the X2 GW when the (H)eNBs power on for the routing purpose. The solution 2 can reuse the registration procedure, e.g. the new introduction of X2 Signalling Bear Update procedure as proposed in [4], to inform the (H)eNBs that the SCTP association with the HeNB is unavailable in case that HeNBs switch off. 
Reusing the X2 registration procedure will cause the ambiguity of (H)eNBs’ registration procedure and the handling procedure of HeNBs’ shutdown, which will make the usage of the new X2AP procedure confused. 
Furthermore, the registration procedure needs ACK from X2 GW in order to make the source (H)eNB acknowledge that the connected X2 GW has recorded the mapping database of (H)eNBs’ ID and the corresponding IP address successfully. Then the source (H)eNB can trigger the following X2AP procedures towards the target (H)eNB via X2 GW. Therefore, the X2 registration should be defined as Class1 procedure. However, the notification of the shutdown of HeNB does need any response, it is not proper to reuse a Class1 procedure to achieve the notification purpose.
Solution 3: Using current SCTP message
When the HeNB powers off, the HeNB sends an SCTP rejection message, e.g. ABORT message with CAUSE code 12 (“User initiated abort”) as proposed in [5], to inform the peer (H)eNBs that the HeNB powers down.
The SCTP message is out of the scope of 3GPP. And in this solution, it needs the interaction between the SCTP layer and the X2AP layer which belongs to cross-layer behavior. The X2AP layer will not be aware in case of the sending failure of the SCTP message. 
Based on the analysis above, we think that solution 1 is more suitable for solving the issue of HeNB switch off. 
Proposal 1: Introduce a new class2 X2AP message to notify the unavailable connection between the HeNB and the X2 GW when the HeNB powers off.
2.2.2 Sending point consideration
For the solution 1, the new X2AP message may be initiated by HeNB or X2 GW due to the different scenarios of HeNB power-down, which will be discussed in details below.
Case 1: A new X2AP message triggered by HeNB
In case that HeNB switch off normally, HeNB can know that it is going to switch off, and the X2 connection between HeNB and eNB works normally. When HeNB is preparing switching off, it initiates the new X2AP message to the connected X2 GW via X2 interface before the complete shutdown. And then the X2 GW forwards the new X2AP message to inform the peer (H)eNBs that the SCTP association between X2 GW and HeNB fails when HeNB switches off. 
Case 2: A new X2AP message triggered by X2 GW
The sudden interruption of the power supply will cause that the HeNB switch off abnormally. In this case, HeNB doesn’t know when it will switch off in advance, but the X2 GW can detect the SCTP association between X2 GW and the HeNB breaks when the HeNB powers off. So an intuitional method is that the X2 GW initiates a new X2AP message to the peer (H)eNB via X2 interface. 
Proposal 2: For the different scenarios, the new X2AP message can be initiated by different sending point, HeNB or X2 GW.
3 Conclusion

In the contribution, section 2.1 describes the issue related to the HeNB switch off in the X2 GW solution, section 2.2 analyzes the solutions in order to solve the issue referred to in section 2.1. Based on the discussion in section 2.1 and 2.2, it proposes that: 
Proposal 1: Introduce a new class2 X2AP message to notify the unavailable connection between the HeNB and the X2 GW when the HeNB powers off.
Proposal 2: For the different scenarios, the new X2AP message can be initiated by different sending point, HeNB or X2 GW.
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