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1.
Introduction
The issues regarding further HeNB mobility enhancement were discussed in the last several meetings. The highest priorities were given to the following use cases: 
a.) The mobility from Macro eNB to open/hybrid HeNB
b.) The mobility from open/hybrid HeNB to Macro eNB

c.) The mobility from open/hybrid HeNB to hybrid HeNB

Regarding X2-Proxy, it is discussed a lot from use case and deployment point of view. In this paper, two issues about X2-Proxy will be discussed from the procedures point of view. One is about the UE context release and the other is about the X2 setup. The proposal is given based on the observations.
2.
Discussion
2.1 UE Context Release
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Fig. 1. Rel-11 HeNB mobility enhancement with X2-Proxy in the architecture.

UE Context Release was a hot issue in Rel-10. The problem is how to release the unnecessary UE context in HeNB GW when UE moves out to another HeNB which is not served by the same HeNB GW. Through many discussions, the HeNB initiated S1 based UE CONTEXT RELEASE REQUEST message is applied in X2 handover procedure, which follows the X2 based UE CONTEXT RELEASE message received by source HeNB from target HeNB. 
Basically, it is not good to get additional S1 message to be involved in the X2 handover procedure. If we reconsider this problem in Rel-11 HeNB, X2-proxy has the advantage. 
The typical Rel-11 HeNB architecture with X2-proxy is shown in Fig. 2. For the mobility enhancement from HeNB to Macro eNB, for example, the mobility of UE1 as shown in Fig. 1, the same problem exists in HeNB GW as Rel-10. For more details, it is described as follows. UE1 currently served by HeNB1 is supposed to move to Macro eNB2. The UE context (for example, eNB UE X2 AP ID) release in the HeNB GW should be investigated. The difference between the issue here and Rel-10 is that the X2 interface goes through HeNB GW, while it is not in Rel-10. The X2 based UE CONTEXT RELEASE message is sent from target Macro eNB2 to HeNB GW/X2 Proxy. At this time if the Rel-10 scheme is applied, the HeNB GW may forward it to the source HeNB1. Then the source HeNB1 initiates the S1 based UE CONTEXT RELEASE REQUEST message, which is sent to HeNB GW. At receiving this message, the HeNB GW would release the corresponding UE context.  From the description above, it can be seen that the procedure is very complex. In Rel-10, the reason that we adopted the S1 based UE CONTEXT RELEASE REQUEST message sent from source HeNB to HeNB GW is that there doesn’t exist any message going to HeNB GW.  
However, in Rel-11 the X2 based UE CONTEXT RELEASE message first arrives at X2-Pxory. If we adopt the X2-Proxy, it is not necessary to apply the complicated procedure described above. That is, the X2-Proxy may release the related UE context (for example, eNB UE X2 AP ID) of it directly. Then it sends the UE CONTEXT RELEASE message to source HeNB. The source HeNB initiates the UE context release like normal X2 handover. 
For the other scenario, i.e., the mobility from Macro eNB to HeNB, the same problem exists. For example, on the mobility of UE2 from Macro eNB1 to HeNB3 as shown in Fig. 1, the UE context release in the X2-Proxy belongs to the same problem. It can also be solved by the same solution. 
Observation 1) For the mobility enhancement between Macro and Hybrid/open HeNB, the X2-Proxy can work well for the UE CONTEX RELEASE procedure without the complexity of Rel-10. 
2.2 X2 Setup

In Fig.2 and Fig.3, it is assumed that the X2 interface is not yet set between Macro eNB1 and the HeNB3.  Thus there exists a scenario that Macro eNB1 discovers another HeNB3 through UE ANR report for HeNB cell. The Macro eNB1 may prepare the X2 setup with the X2-Proxy serving the HeNB3 or with HeNB3 directly. In this paper, it is assumed that the direct X2 is not available between Macro eNB and HeNB. That is, X2 setup has to be done through X2-Proxy if the X2-Proxy is decided to be deployed. 
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Fig.2. X2 setup between Macro eNB and HeNB (case 1: X2 has been setup between X2-Proxy and HeNB3)

The X2 interface will be set up between X2-Proxy and Macro eNB1. Two scenarios would be possible, one of which is that the X2 interface between HeNB3 and X2-Proxy has already been set up as shown in Fig. 2. The other is that the connection between them has not been set as shown in Fig.3. 
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Fig.3 X2 setup between Macro eNB and HeNB (case 2: X2 has not been setup between X2-Proxy and HeNB3)
At receiving the ANR report from UE, Macro eNB1 would initiate TNL address discovery procedure in order to get the TNL address of Target HeNB3, which is the necessary condition for X2 setup. Thus Macro eNB1 sends eNB Configuration Transfer message to its MME, which will forward the message to HeNB GW/X2-Proxy by using the MME Configuration Transfer message. In the two messages, the source and target eNB IDs are Macro eNB1 ID and HeNB3 ID respectively. The problem is how the HeNB GW/X2-Proxy would do after receiving the message.  

One possible way would be that the HeNB GW/X2-Proxy terminates the message and sends back its TNL address to source Macro eNB1 directly, which would be a good and optimal solution for case 1 shown in Fig. 2 since the actually X2 interface setup is between Macro eNB and HeNB GW/X2-Proxy. Also the X2 setup between HeNB3 and HeNB GW/X2-Proxy has been completed. However, it is not suitable to case 2, in which the X2 setup between HeNB3 and HeNB GW/X2-Proxy is necessary. 

If we recall the agreement about X2 setup between HeNBs made for Rel-10, which says that the HeNB GW/X2-Proxy should forward eNB/MME Configuration Transfer without modifying the eNB IDs, it would be the other solution. This legacy agreement is relatively fit for the case 2 with a certain modification. That is, the HeNB GW/X2-Proxy forwards the MME  Configuration Transfer message to HeNB3, in which the source eNB ID is Macro eNB1 ID and target eNB ID is HeNB3 ID. The HeNB3 replies to HeNB GW/X2-Proxy with its TNL address by using eNB Configuration Transfer message, in which the source eNB ID is HeNB3 ID and target eNB ID is Macro eNB1 ID. When HeNB GW/X2-Proxy receives this message, it may start the X2 setup between HeNB GW and HeNB3 with the received TNL address. At the same time, HeNB GW/X2-Proxy has to forward the message to MME, in which the source eNB ID may be changed into its ID and the TNL address should be changed into its TNL address. That is because actual X2 setup will be done between HeNB GW/X2-Proxy and Macro eNB1. With the modified TNL address and source ID, the target Macro eNB1 will know where to setup X2 interface. 

It seems that the first solution and the legacy solution are different from each other. It is not good to adopt two different solutions for the standardization. Therefore, let us reconsider whether the legacy solution is possible to solve the first case. Even though the X2 setup has been done between HeNB GW and HeNB3, the HeNB GW may forward the MME Configuration Transfer message to HeNB3 and then the HeNB3 replies to HeNB GW with its TNL address. The HeNB GW would do the same way as case 2. So the legacy solution with modification is also fit for case 1. 

Observation 2) For the mobility enhancement between Macro and Hybrid/open HeNB, the X2-Proxy can work well for the existing TNL address discovery and X2 setup procedure with only a little bit modification. That is, when the HeNB GW receives MME Configuration Transfer message from MME, it should forward it to its HeNB; likewise when the HeNB GW receives eNB Configuration Transfer message from HeNB, it should forward it to the corresponding MME.  If necessary, the source eNB ID or TNL address could be changed. 
Based on the analysis for UE context release and X2 setup procedures above, the following proposal is suggested to RAN3.

Proposal 1) For the mobility enhancement between Macro and Hybrid/open HeNB, it is proposed to adopt the X2-Proxy.
Proposal 2) The issues should be captured in TR 37.803.
3. Conclusions
In this paper, the mobility enhancement between Macro eNB and HeNB was discussed from the UE context release and X2 setup point of views. The following proposal is suggested to RAN3:
Proposal 1) For the mobility enhancement between Macro and Hybrid/open HeNB, it is proposed to adopt the X2-Proxy.
Proposal 2) The issues should be captured in TR 37.803.
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