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1. 
Introduction

In the last RAN3#68 meeting, mobility enhancement between HeNB and macro eNB was discussed. The two possible solutions were identified together with a list of open issues as possible criteria to select the solution.

This paper addresses the open issues and provides technical analysis of the candidate solutions. Based on the analysis, we propose that both the direct X2 based solution and the X2GW based solution should be considered and adopted for the HeNB-to-Macro mobility enhancement.  

2
X2GW vs. Direct X2
The following two candidate solutions are on the table.
1. X2GW-based

2. Direct X2

The HeNB GW in Rel-8 for the S1 interface was introduced mainly to reduce the number of SCTP connections at the MME with the deployment of a large number of HeNBs.
An X2GW for X2 interface between HeNB and macro can be defined in a similar way to S1GW (HeNB GW) and the X2 proxy function in the DeNB for relay, with the following principles.

· There is one X2 interface relation between the HeNB and the X2GW, and there is one X2 interface relation between the X2GW and every macro eNB that the X2GW has an X2 relationship with. 
· The X2GW processes and forwards all X2 messages between the HeNB and other macro eNBs for all UE-dedicated procedures. The processing of X2-AP messages includes modifying X2-AP UE IDs and GTP TEIDs but leaves other parts of the message unchanged. 
· All non-UE-dedicated procedures are handled locally between the HeNB and the X2GW, and between the X2GW and other macro eNBs.
Possible motivations to introduce an X2 GW are:
· Reduce the number of SCTP connections required for a macro eNB. Note that a HeNB will not need more than a few SCTP connections to macro eNBs
· Reduce the number of X2 message exchanges for the non-UE-dedicated procedures.

· Reduce the number of required inter-operability test (IOT) cases by hiding HeNBs from different vendors under the GW.

In a certain deployment model, the X2GW may be helpful, but in another deployment model, the gain of deploying an additional X2GW in the network may not be big, because: 

· The number of neighbouring HeNBs of a macro eNB is much smaller that the number of HeNBs in an MME area. The overhead to handling thousands SCTP connections is not big, as discussed in [].
· Reduction on the number of the exchanges for the non-UE-dedicated procedures is not large, as most frequent global X2 procedures such as Load Indication procedure, Resource Status Reporting procedure and Radio Link Failure Indication need to be forwarded to the target (H)eNB, so the X2GW cannot  reduce the X2 messages for these non-UE-dedicated procedures. 
· When the number of HeNB vendors is controlled by an operator, the number of necessary IOT cases can be limited to a reasonable level.
Proposal 1: Both the direct X2 based solution and the X2GW based solution should be considered and adopted for the HeNB-to-Macro mobility enhancement.
The Figure 1 shows the network configuration with direct X2 interfaces for both HeNB-to-HeNB and HeNB-to-Macro, and the Figure 2 shows the network configuration when the X2GW is used between HeNB and macro, while a direct X2 interface is used between HeNBs.
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Figure 1. Network topology with direct X2 interface between HeNB and macro
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Figure 2. Network topology with X2GW between HeNB and macro
3
Open issues
The following technical open issues were identified in the last RAN3 #68 meeting.
- There are scenarios where the IP address provided by the security GW to the HeNB is not routable by the Macro.
In the scenario where the IP address provided by the security GW to the HeNB is not routable by the macro eNB, the direct X2 interface is not possible between the HeNB and the macro eNB. An X2GW can be placed (possibly collocated with the security GW) to route the X2 messages between the HeNB and the macro eNB.
- Need to consider the fact that IP address maybe dynamically configured
IP address change would result in reestablishment of X2 interfaces as well as S1 interfaces. The dynamic change of IP address assigned to HeNB should be minimized. X2 GW can be helpful to handle dynamic change of the HeNB IP address. Alternatively, it is possible for the Security GW to give the HeNB the same IP address each time and avoid these kinds of changes. 
- Need to consider scalability of the solution
If the scalability of SCTP connections at the macro eNB becomes a bottleneck, then the X2GW can help to reduce the number of SCTP connections required. In general, a macro eNB isexpected to be able to handle the load from SCTP connections due to a direct X2 interface with HeNBs without a problem.
- Whether we need to have a single solution to cover HeNB-to-HeNB and HeNB-to-Macro?

It is preferred to have a single solution based on X2 in both cases. However it is okay to have a X2GW to enable the macro eNB case in some deployments. 
Proposal 2: It is preferred to have a single solution based on X2 to cover HeNB-to-HeNB and HeNB-to-Macro.
- Need to consider whether macro upgrade is needed
For the direct X2 interface based solution, no protocol level upgrade is required at the macro eNB.

For the X2GW based solution, the following changes in the macro eNB are necessary.

· When the X2 interface is set up between a macro eNB and an X2 GW, the macro eNB would see a HeNB as a cell under the X2GW. But the eNB ID of the X2GW will not be the same as the first 20bits of the global cell ID of the HeNB. Thus macro eNB shall not consider this mismatch as an error.

· For the X2 message routing, the macro eNB should not use the X2GW eNB ID. Some possible options for the routing method are:

· The macro eNB uses the global cell IDs (or HeNB IDs as the HeNB ID of the HeNB is the same as the global cell ID) of the HeNBs to select an appropriate routing path (X2 or S1), and should not use the eNB ID of the X2GW. 
· Note that for the X2GW the ‘max cell in eNB’ is 256. As a HeNB is seen as a cell under X2GW, this issue needs to be addressed when a X2GW has more than 256 HeNBs.

· The macro eNB uses TAI, like MME solves this issue of for S1 message routing with HeNB GW.

· Note: This problem does not occur in the X2 proxy function in DeNB for RN, when RN has the same eNB ID with DeNB.  
Proposal 3: When use of X2GW is agreed, RAN3 should discuss the issue of X2 message routing with X2GW.
3.
Avoiding all-to-all X2 relations with X2GW
The simplest configuration with the X2GW would be: 

· During the X2 setup between a X2GW and a HeNB, the X2GW notifies the HeNB about the macro eNBs which already have an X2 relationship with the X2GW. Additionally, the X2GW updates all the macro eNBs about the new HeNB.
· During the X2 setup between a X2GW and a macro eNB, the X2GW notifies the eNB about all the HeNB which already have an X2 relationship with the X2GWrelation. Additionally, the X2GW updates all the HeNBs about the new macro eNB.
This will result in creating virtual X2 relations between all HeNBs and all macro eNB pairs under the X2GW, while the actual neighbour relationship between a HeNB and a macro eNB is restricted by geographical location.

The unnecessary all-to-all X2 relations may cause problems such as:

· When a HeNB set up an X2 relation with the X2GW, the X2GW needs to update X2 configuration towards all macro eNBs.
· When the number of HeNBs under an X2GW is more than 255, the X2GW needs to use additional eNB IDs and X2 relation towards all macro eNBs.

Proposal 3: When use of X2GW is agreed, RAN3 should discuss the issue of avoiding all-to-all X2 relations between all HeNBs and all macro eNBs through X2GW.
4.
Conclusions

In this paper, we analyzed the two candidate solutions and the open issues for the HeNB-to-Macro mobility enhancement. Based on the analysis, we propose the followings.
Proposal 1: Both the direct X2 based solution and the X2GW based solution should be considered and adopted for the HeNB-to-Macro mobility enhancement.
Proposal 2: It is preferred to have a single solution based on X2 to cover HeNB-to-HeNB and HeNB-to-Macro.
Proposal 3: When use of X2GW is agreed, RAN3 should discuss the issue of X2 message routing with X2GW.
Proposal 4: When use of X2GW is agreed, RAN3 should discuss the issue of avoiding all-to-all X2 relations between all HeNBs and all macro eNBs through X2GW.
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