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1. 
Introduction

Three solutions are identified for optimized (H)eNB-to-HeNB mobility in RAN#68 as follows:
1. S1 HO termination at GW (only applicable to HeNB-to-HeNB case)

2. X2GW-based

3. Direct X2

This document attempts to give a description and comparison for the possible solutions, analyze corresponding use cases, and then gives proposals accordingly.
2
Discussion
Based on the discussion before, three methods for the mobility enhancements of HeNB are mentioned: 
-
Solution 1: terminate S1 HO procedure at HeNB GW 

-
This solution is confined to HeNB-to-HeNB mobility enhancements only. S1 HO signalling is processed by HeNB GW instead of MME to reduce the HO signaling of CN. 

For solution 1, load of MME may be greatly relieved. But HeNB GW needs to get the security context for UE in order to accomplish function of MME in S1 handover procedure. There are two options for HeNB GW to get this information: Through new S1 signaling or integrated in HeNB GW. The former alternation still makes signaling burden on MME and the second solution requires HeNB GW to implement part of function of MME. Considering that HeNB GW will be employed outside the operator sometimes, this may bring security problems for the operators. So it’s not proposed to use this solution.
Proposal 1: It is not recommended to consider terminating S1 HO procedure at HeNB GW as the solution for HeNB mobility enhancements.

-
Solution 2: establish indirect X2 interfaces
-
New function is needed in HeNB GW to relay or terminate X2AP messages between HeNB and eNB or between HeNBs. 
For solution 2, an additional function to relay or terminate X2 interfaces needs to be defined at the HeNB GW. However, since HeNB GW has supported S1 interface, it is not a big problem to implement an additional function to relay or terminate X2 interface.
-
Solution 3: establish direct X2 interfaces 
-
Support the mobility enhancement of HeNB via establishing direct X2 interfaces between HeNB and eNB, or among HeNBs 
For solution 3, X2 interfaces are introduced to HeNBs, no impact on HeNB GW. But in some hotspot scenarios where lots of HeNBs exist, too many X2 interfaces increase the complexity and processing load of (H)eNBs. Besides, it will be troublesome for eNB to maintain large amounts of SCTP connections.
3
Analysis of use cases
3.1 Enhanced HeNB to HeNB mobility.
· Deployment with HeNB GWs(only consider intra-GW, intra-CSG scenario) 
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In the scenario of enterprises，companies，campus and so on, many HeNBs are deployed inside one building. With lots of people moving around, it will cause frequently handovers and masses of HO signaling. The mobility enhancement can be achieved by direct X2 interfaces or indirect X2 interface. It is more optimized to introduce direct X2 interface between HeNBs for mobility enhancement considering this solution bring less delay and less handover signaling.
· Deployment without HeNB GWs 
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***For intra-CSG，direct X2-based handover is preferred to alleviate the load of CN. 
***For inter-CSG，S1-based handover is required to carry through the access control procedure in MME.
Proposal 2: Direct X2 interface is preferred to enhance the mobility between HeNBs.
3.2Enhanced eNB to HeNB mobility and vice versa（only consider open mode for HeNB）
In long-term views, the amount of HeNB is close to that of UEs. With this assumption, a great deal of HeNBs could be installed under the coverage of macro eNB. If direct X2 interfaces are adopted, too many X2 interfaces will be needed, which will increase the complexity of network architecture greatly, also high cost for operators. In this scenario, solution of indirect X2 interfaces will be a good choice. Through X2-GW functions, indirect X2 interfaces can be used to enhance mobility between eNB and HeNB, as captured in the following picture:
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Proposal 3: X2GW-based solution shall be considered for the mobility enhancement between eNB and HeNBs.
4.
Conclusions

Considering the security problem and to reduce the complexity of network elements, S1 HO termination at GW solution is not proposed to be a good choice here. Both direct X2 interface and indirect X2 interface solutions can enhance HeNB mobility, load of CN can be relieved a lot through the above use cases. Operators can use proper solution according to different network deployment. However, indirect X2 interface needs to be supported by introducing new function to HeNB-GW. So we propose: 
Proposal 1: It is not recommended to consider terminating S1 HO procedure at HeNB GW as the solution for HeNB mobility enhancements.
Proposal 2: Direct X2 interface is preferred to enhance the mobility between HeNBs.
Proposal 3: X2GW-based solution shall be considered for the mobility enhancement between eNB and HeNBs.
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