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1 Introduction

In RAN3#79 meeting, there are some additional requirements were mentioned and discussed for X2-GW[1], including requirements related to connectivity, requirements related to scalability, requirements related to switch on/off, and IP address requirements etc. This contribution focuses on the issue of handling HeNBs switch on/off, mainly discusses the possible scenarios and possible solutions.
2 Discussion
For the HeNB switch on/off, the following two main issues need to be solved:

Issue 1: How to notify the peer (H)eNB when the SCTP association between the X2 GW and the HeNB breaks? 
Issue 2: How to notify the peer (H)eNB when the switched off HeNB power up with a different IP address, but other parameters (e.g. PCI, global eNB ID) are not changed?
Next we will discuss these two issues respectively.
2.1 How to notify the peer (H)eNB when the SCTP association between the X2 GW and the HeNB breaks
2.1.1 Use cases
For the SCTP break between X2 GW and HeNB, there are three possible scenarios, as follows. 
Case 1: HeNB switch off normally. 
This case is a general scenario. In this case, HeNB can know that it is going to switch off, and the X2 connection between HeNB and eNB works normally, as shown in Figure 1. 
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Figure 1. HeNB switch off normally
Case 2: HeNB switch off abnormally.

This scenario may happen when power supply interrupted suddenly. In this case, HeNB doesn’t know when it will switch off. The S1 and X2 connection between HeNB and other network entities break immediately, as shown in Figure 2. 
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Figure 2. HeNB switch off abnormally
Case 3: X2 SCTP interrupted abnormally
In this case, due to some reason, X2 SCTP connection breaks abnormally while S1 connection keeps working, as shown in Figure 3. 
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Figure 3. X2 SCTP interrupted abnormally, while S1 connection keeps on working
Observation 1: There are three possible scenarios of the SCTP break between X2 GW and HeNB: HeNB switch off normally、HeNB switch off abnormally and X2 SCTP interrupted abnormally.
Proposal 1: Three scenarios above need to be considered with regard to HeNBs switch on/off handling issue. 
2.1.2 Solutions
In this section, we propose five possible solutions for notifying the peer (H)eNB of SCTP break between X2 GW and HeNB.
· Solution 1：indicated by HeNB via X2 interface

Generally, when HeNB switch off, it will start a shutdown procedure, the HeNB can send an indication to the connected X2 GW via X2 interface before this procedure, and then the X2 GW forwards this message to notify the peer (H)eNB of the HeNB switching off. The indication message may be eNB configuration update message or new X2 message.
In this solution, X2 GW just needs to forward the indication message from HeNB, the implement of X2 GW is simple and the complexity is very low.
· Solution 2：indicated by HeNB via S1 interface

Similar to the solution 1, the HeNB may also send an indication message to the HeNB GW (if have) or MME via S1 interface, then the HeNB GW (if have) or MME forwards this indication message to notify the peer (H)eNB of the HeNB switching off. The indication message may be eNB/MME configuration update message or new S1 message. This solution may increase little overhead to MME/HeNB GW, but not impacts on X2 GW.
· Solution 3：indicated by MME/HeNB GW via S1 interface

When the HeNB switch off, the SCTP between MME/HeNB GW (if have) and HeNB is interrupted. So the MME/HeNB GW can detect the HeNB switch off, and send an indication message via S1 interface to the peer (H)eNB to notify the peer (H)eNB of the HeNB switching off. The indication message may be eNB/MME configuration update message or new S1 message.

This solution is especially applicable for the scenario that HeNB switch off abnormally and cannot send any notify message. This solution has no impact on X2 GW, but it requires MME/HeNB GW know which peer (H)eNB has X2 connection with the HeNB and send indication message to the peer (H)eNB, which may increase the complexity of the MME/HeNB GW.

· Solution 4：indicated by X2 GW via X2 interface

When the SCTP connection between X2 GW and HeNB breaks, the X2 GW can detect it. So an intuitional solution is that the X2 GW send an indication message to the peer (H)eNB via X2 interface, The indication message may be eNB configuration update message or new X2 message.. This solution requires the X2 GW has the ability of generating X2 message and can maintain the X2 connection relationship of connected HeNBs.
· Solution 5：indicated by OAM

Since OAM is responsible for network management, it can detect HeNB switch on/off and send indication message to the peer (H)eNB. This solution is simple, but it depends on the implement of OAM, and if necessary, it needs interaction between HeMS and OAM for eNB。
Proposal 2: RAN3 is kindly request to discuss solutions above for notifying peer (H)eNB of the SCTP break between X2 GW and HeNB.
2.2 How to notify the peer (H)eNB when the switched off HeNB power up with a different IP address
This issue can be solved by following solution. when the HeNB switches off, the solutions in section 2.1.2 can be used to notify the peer (H)eNB, after the peer (H)eNB received the indication message, it will release the X2 connection and HeNB relative information, e.g. HeNB ID and IP address. When the HeNB powers up with a different IP address, the HeNB re-initiates TNL address discovery procedure and X2 setup procedure, to notify peer (H)eNB and X2 GW about its new IP address. This solution has no impact on specification, but additional signal overhead on backhaul link is introduced.
Proposal 3: For the issue of switched off HeNB power up with a different IP address, existing signal procedure (e.g. TNL address discovery procedure) can be used to solve it. 
3 Conclusion

According to the above discussion, when HeNB switch on/off, there are following observation:

Observation 1: There are three possible scenarios of the SCTP break between X2 GW and HeNB: HeNB switch off normally、HeNB switch off abnormally and X2 SCTP interrupted abnormally.
Based on the above observations, the following proposal is proposed to be approved in RAN3:
Proposal 1: Three scenarios above need to be considered with regard to HeNBs switch on/off handling issue. 
Proposal 2: RAN3 is kindly request to discuss solutions above for notifying peer (H)eNB of the SCTP break between X2 GW and HeNB.

Proposal 3: For the issue of switched off HeNB power up with a different IP address, existing signal procedure (e.g. TNL address discovery procedure) can be used to solve it.
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