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1 Introduction

In previous RAN3#73 meeting, it has been determined that mobility enhancement between macro and open/hybrid HeNB is prioritized in further discussion, furthermore, mobility enhancement between macro and closed HeNB is listed as second priority [1]. Currently, there are two approaches on the table for supporting X2-based mobility function: one is direct X2; the other is GW proxy X2. In this contribution, we discuss some architecture issues with considering GW deployment for further discussion.
2 Discussion
2.1 Discussion on Architecture of eNB-HeNB X2 interface

As described in current specification, the HeNB GW may be deployed to “allow the S1 interface between the HeNB and the EPC to support a large number of HeNBs in a scalable manner.” Based on this, whether to deploy the HeNB GW depends on the specific use case in real network.

Current study item for HeNB mobility enhancement, we should study two use cases: one is mobility enhancement without deploying HeNB GW; the other is mobility enhancement with HeNB GW. And if the HeNB GW is deployed, whether direct X2 or GW proxy X2 is selected should be determined.

In sparse density scenario, there are a few HeNBs deployed in this kind of scenario to improve the indoor coverage and capacity, and HeNB GW is not needed for scalability. In this case, HeNB establishes S1 interface directly to MME, therefore, only a few X2 interface needs to be maintained between HeNB and eNB, and direct X2 mechanism is sufficient for mobility enhancement.

Proposal 1: Direct X2 should be supported between HeNB and eNB if HeNB GW is not deployed.
In high density use cases, open/hybrid HeNBs could be deployed by operator to extend the coverage of LTE and increase the indoor capacity. Based on the transmission power, the coverage of one HeNB in network deployment could reach 50~100 meters for enterprise case, and the number of HeNBs needed for each building could be several dozens. Meanwhile, there may be more than tens of buildings in the hot spot area. Therefore, HeNB GWs are needed for alleviating the load of MME. 
On the other hand, there may be 1~2 buildings covered by one cell, because the typical ISD in current network is about 200~300 meters. Therefore, the number of open/hybrid HeNBs which could be regarded as the neighbours of one cell in the eNB could be about one hundred, and the total number of open/hybrid HeNBs which could be regarded as the neighbours of those cells in the eNB could be several hundreds. Comparing with the load for MME, the load for maintaining direct X2 interface between eNB and HeNBs may not be a big issue. Furthermore, those HeNBs are deployed by operators with continuous coverage; therefore, setup/release of X2 interface will not be as frequent as residential case, and not all HeNBs need to establish X2 interface between eNB and themselves.

[image: image1.emf]Macro cell

HeNB

exit


Figure 1. Indication of HeNB deployment for hotspot area

Proposal 2: Direct X2 between HeNB and eNB may also be sufficient for further mobility enhancement.

2.2 Approaches to perform the mobility enhancement based on eNB-HeNB X2 interface

Because macro eNB with CSG function is not discussed in this work item, access control is not needed for mobility from hybrid/closed HeNB to eNB; furthermore, it is also not needed for mobility from eNB to open mode HeNB. However, this should be considered when UE goes from eNB to hybrid/closed HeNB. 
In previous meeting, some mechanisms are proposed for inter-CSG mobility enhancement between HeNBs [2~5], and similar approaches could be applied for eNB-hybrid/closed HeNB case when access control is needed. 
Current approaches are listed in the table-1 below.

Access Control by MME

There are several options for keeping the function of access control at MME.
Option 1. AC before HO and query sending from source;
In this case, source eNB will send query before handover. The response from MME is necessary for subsequent handover procedure. Compared with S1 handover procedure, two S1 messages are saved while other two X2 messages are added. It seems that the gain of this mechanism is not large as mentioned by [2].
Option 2. AC during HO and query sending from target;

This case is similar to option 1, and the gain of this mechanism is not remarkable.

Option 3. AC after HO and query sending together with path switch.

In this case, after the initial access control at UE, target HeNB will accept the handover request sent from eNB without considering access control. The final access control will be performed by target HeNB together with path switch message. However, there is a risk that a fake result of initial access control may be fed back towards eNB by malicious UE, and the efficiency of system will be impacted. Although there is a final verification of the UE’s membership, the KPI will be impacted.
Access Control by eNB

There are several options for switching the function of access control to source eNB
Option 4. Sending CSG subscription to source;

In this case, CSG subscription of UE will be sent to eNB when the UE is in connected mode. And eNB could perform access control based on this information. Although during 3GPP Rel-8 discussions, this mechanism is discussed and considered as a security thread, because RAN nodes, e.g. HeNB, may be deployed by users. However, the scenario we are discussing here is about mobility enhancement from eNB to HeNB, and the security is not a big issue here.
Option 5. Sending UE’s target cell restrictions to source
In this case, a subset of CSG subscription of UE will be send to eNB with considering the CSG ID of its neighbours, however, same security issue exists as option 4. It is much more complex for introducing new IE  on S1 interface and function in MME. 
Proposal 3: We propose to adopt option 4 as the approach for access control when performing mobility enhancement between eNB and HeNB.
3 Conclusions
In this contribution, several proposals are provided as follows:
Proposal 1: Direct X2 should be supported between HeNB and eNB if HeNB GW is not deployed.
Proposal 2: Direct X2 between HeNB and eNB may also be sufficient for further mobility enhancement.
Proposal 3: We propose to adopt option 4 as the approach for access control when performing mobility enhancement between eNB and HeNB.
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