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1.
Introduction
The issues regarding further HeNB mobility enhancement were discussed in last meeting. 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
In this paper, the architecture solutions and the candidate issues of the mobility enhancement from Macro eNB to open/Hybrid HeNB will be analyzed, respectively. 
2.
Discussion
2.1 Architectures and the Comparison
The mobility from Macro eNB to HeNB has been defined in Rel-9, which is based on the S1 handover. Therefore, the use cases or deployment scenarios exist widely, which is given in section 2.1.1. The subsequent section 2.1.2 will compare the candidate architectures.
2.1.1 Deployment Scenarios and Architectures
One deployment scenario of the enhanced mobility between eNB and HeNB is the big shopping mall area, where the large number of HeNBs could be deployed. The mobility between Macro eNB and HeNB may occur very frequently, especially when UE enters or leaves the shopping mall. Other scenarios exist in the enterprises and campus, where mobility may also happen very often. HeNB may also be used to extend the coverage of Macro eNB.
Basically, two architectures are considered to support the enhanced Macro eNB to HeNB mobility, one of which is called direct X2 interface scheme, in which the direct X2 interface is set up between eNB and each HeNB. It is shown in the following Fig.1. This scheme is suitable to the scenario of coverage extension.
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Fig.1. Possible Architecture for Rel-11 HeNB mobility enhancement (direct X2 interface).

The other one is HeNB GW based solution, in which the X2 connection between HeNB and Macro eNB is through the HeNB GW as shown in Fig.2. This scheme is introduced mainly to reduce the number of SCTP connections at the MME in the situation of a large number of HeNBs deployment. Therefore, it is fit for the scenario of big shopping mall or campus, in which a large amount of HeNBs exist.
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Fig. 2. Possible Architecture for Rel-11 HeNB mobility enhancement (indirect X2 interface).
2.1.2 Comparison of the Architectures
In the case of HeNB GW based indirect X2 scheme, the drawback is signalling delay compared with direct X2 scheme since any signalling has to be forwarded by HeNB GW. However, the advantages are very clear. That is, the following problems of direct X2 interface can be avoided. The first one is that it will force the macro eNB to upgrade in order to support the large number of HeNBs direct X2 connection to it. The macro eNB is not designed for supporting that many SCTP associations. The second disadvantage is that macro eNB needs to keep updating the neighbour relation table (NRT) for HeNBs when a certain HeNB shuts off, which could happen to HeNB very often. That may cause burden to macro eNBs. The third drawback is inter-operability test (IOT) between macro eNB vendors and HeNB vendors, which could be very complicated since there will be a lot of vendors involving both macro eNB and HeNB.  
From the analysis above, it can be seen that both the architectures have advantages and drawbacks. Therefore, either architecture could be applied in the corresponding deployment scenarios. That is, the HeNB GW based indirect X2 architecture could be applied in case when a large number of HeNBs exist, which does not give big burden to Macro eNB. The direct X2 interface based scheme would be suitable when there are not many HeNBs. The following proposal is suggested to RAN3.
Proposal 1) For the mobility enhancement from Macro eNB to HeNB, either HeNB GW based indirect X2 interface or the direct X2 interface should be supported in Rel-11.
2.2 Candidate Issues
In this section, two possible issues are analyzed regarding the mobility enhancement from Macro eNB to open/hybrid HeNB. 

2.2.1 Access Control

In the case of handover from Macro eNB to open mode HeNB, access control is not needed since any UE can access the open mode HeNB. The only issue for this case is that Macro eNB needs to know the target HeNB is open mode. 
However in the second case, access control is necessary since the target is Hybrid mode HeNB, which is similar to the requirement of S1 handover in Rel-9. That is the process, which checks whether a UE is allowed to access or prioritization of allocated resources may be performed if the target cell is a hybrid cell. Before the exact access control schemes such as MME based, HeNB GW based or the target based are investigated, some points can be approved first. 
The first one would be the information exchange between the Macro eNB and the Hybrid HeNB during the X2 setup process, which is for notifying the source Macro eNB that the target is hybrid mode HeNB. The second one, which is about believing the UE’s measurement report and sending Handover Request message to target Hybrid mode HeNB before the access control is approved. For the target HeNB is hybrid mode, it is reasonable to allow any UE to access it. So the following proposal is suggested to RAN3. 
Proposal 2) For the mobility from Macro eNB to Hybrid HeNB, first the source Macro eNB can believe UE’s report and send the HANDOVER REQUEST message to target HeNB. 
About the specific access control scheme, it will be discussed together with the mobility enhancement from open/hybrid mode HeNB to Hybrid mode HeNB. 
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Fig. 3. Possible Architecture for Rel-11 HeNB mobility enhancement (indirect X2 interface).

2.2.2 UE Context Release
UE Context Release was a hot issue in Rel-10, in which one S1 message is applied in X2 handover procedure in order to solve the UE context release problem in HeNB GW. It is not good to get additional S1 message involved in the X2 handover procedure. Therefore, it is better to reconsider this again when Rel-11 X2 handover is discussed. For the mobility enhancement from Macro eNB to HeNB or from HeNB to Macro eNB,  for example, the mobility of UE2 or UE1 as shown in Fig. 3, 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. So based on the analysis above, the following proposal is suggested to RAN3.
Proposal 3) For the mobility enhancement between Macro and Hybrid HeNB, it is suggested to identify the issue and decide whether the UE context scheme should be optimized in the typical deployment scenario above.
3. Conclusions
In this paper, the mobility enhancement between Macro eNB and HeNB was discussed. The following proposals are suggested to RAN3:
Proposal 1) For the mobility enhancement from Macro eNB to HeNB, either HeNB GW based indirect X2 interface or the direct X2 interface should be supported in Rel-11.
Proposal 2) For the mobility from Macro eNB to Hybrid HeNB, first the source Macro eNB can believe UE’s report and send the HANDOVER REQUEST message to target HeNB. 
Proposal 3) For the mobility, identify the issue and decide whether the UE context scheme should be optimized in the deployment scenario.
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