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1   Introduction
Mobility enhancement from eNB to HeNB (open and hybrid mode) and vice versa was considered the highest priorities in Further enhancement for HNB and HeNB Study Item[1][2]. In this contribution, the basic solutions i.e. direct X2 or X2GW based approach for mobility enhancement between eNB and HeNB (open and hybrid mode) were discussed.
2   Discussion
2.1   With HeNB GW deployment scenario
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There are two solutions for mobility enhancement between HeNB and eNB i.e. direct X2 and X2GW based approach.



  Figure 1  Solution 1: direct X2 interface                 Figure 2 Solution 2: X2GW based approach

Solution 1

Solution 1 is similar as mobility between HeNBs especially when one HeNB connect with MME directly and another HeNB connect to MME through HeNB GW. However the following problems should be considered.

·   Scalability of the solution. When HeNB is used in hot spot area which is the main usecase that mobility enhancment is necessary, the macro eNB need to setup X2 interface with those HeNBs. Existing macro nodes are not designed to support hundreds of SCTP associations.  If a new method is found to solve the problem, the macro eNBs need to be upgraded to support more number of SCTP associations.
·   Macro eNB impact. The macro eNBs need to be upgraded to support more number of SCTP associations. Furthermore, the IP address for HeNB maybe dynamically configured. This will effect the eNB e.g. accquire HeNB IP and setup/release X2. 
Solution 2

Solution 2 can solve the above problems. For solution 2, the following issues need to be clarified.
· X2 Setup between eNB and HeNB GW
There is one SCTP association between eNB and HeNB GW. The concept and architecture are the same as X2 between DeNB and RN. One difference between HeNB and relay area is the node ID. RN eNB ID is equal to DeNB ID. However, HeNB and HeNB GW will have different eNB identities. How to find the neighbor node transport layer address and setup X2 need to be discussed.

HeNB find a new neighbor cell controlled by a eNB:
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Figure 3 HeNB find a new neighbor cell controlled by an eNB
The current procedure can be used for setup the X2 if HeNB find a new neighbor cell controlled by an eNB. 

eNB find a new neighbor cell controlled by a HeNB:
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Figure 4 eNB find a new neighbor cell controlled by a HeNB

When the HeNB GW receives the MME Configuration Transfer message, it will terminate the procedure and feedback its IP address to the eNB through MME. So that the X2 can be setup between eNB and HeNB.

Therefore, the stage 3 change is not needed to support X2 setup between HeNB GW and eNB. The HeNB GW behaviors can be clarified in stage 2.

· HO type determination
For the outbound mobility from HeNB to macro eNB, the HeNB need to know if X2 handover is possible i.e. whether there is X2 between HeNB GW and eNB and whether HeNB GW connects to the source MME. 

The X2 eNB Configuration Update procedure is used by the HeNB GW to also transfer application level configuration data of a single neighbouring eNB to the HeNB. Upon reception of an ENB CONFIGURATION UPDATE message, if the served cells contained in the message belong to the neighbour eNB rather than the HeNB GW, the HeNB shall regard the X2 interface between HeNB GW and the neighbour eNB as available. The HeNB will update the X2 availability, the corresponding GU Group ID and other information of the neighbour eNB according to the message.

The HeNB GW may inform the HeNB of any GUMMEI of the UE's serving MME in the INITIAL CONTEXT SETUP REQUEST and S1 HANDOVER REQUEST messages. Considering this information as well as the GU Group ID of the neighbour eNB and the X2 interface availability between HeNB GW and neighbour eNB, the HeNB initiates either S1 or X2 handover for the UE.
· X2 HO message routing
When the UE moves from HeNB to eNB, the routing from HeNB GW to the eNB is the same as normal. For mobility from eNB to HeNB GW, the eNB gets the neighbor cell ECGI and TAI from the UE. And the eNB can know the neighbor is a macro or a femto by the PCI range. During the X2 setup procedure, the eNB already get the relation of the ECGI and its node identity i.e. HeNB GW ID. So there is no problem to route the message to the HeNB GW with HeNB GW identity. HeNB GW can route the message to the HeNB with ECGI.

Comparison

Based on the discussion, we can see that both solutions have no impact on stage 3 specification. Solution 1 has some limitations e.g. scalability when the number of HeNBs is increased, the macro eNB impact. 
Table 1: Comparision of Solution 1 and Solution 2

	
	X2GW-based


	Direct X2



	Stage 3 impact
	Already support it (
	Already support it (

	Scalability of the solution
	No this issue for this solution (

	Existing macro nodes are not designed to support hundreds of SCTP associations  (

	Need to consider the fact that IP address maybe dynamically configured
	No this issue for this solution (
	Impact on the macro performance i.e. accquire HeNB IP and setup/release X2. (


	Need to consider whether macro upgrade is needed
	No impact on macro (
	Macro need to be upgraded to support more number of SCTP associations (


From the comparison, we think the X2GW based approach is better in case of HeNB GW deployment.

Proposal 1: X2GW based approach should be used in case of HeNB GW deployment.

2.2   Without HeNB GW deployment scenario
This deployment scenario is used in HeNB less density area. HeNB GW is deployed as the concentrator to avoid much impact to the core network in case of the large number of HeNBs. If the number of HeNB is not so high, the impact to the core network is acceptable using S1 handover. In this case, mobility enhancement may be not critical required. Even if enhanced moblity needs to be supported, direct X2 can be used since it is already supported in Rel-10. The solution is the same as X2 handover between two HeNBs.
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Figure 5  direct X2 between eNB and HeNB

Proposal 2: Direct X2 should be used in case of without HeNB GW deployment if necessary.

3   Summary and Conclusion
In this Rel-11 SI, the main focus should be on the scenario that there is large number of HeNBs deployment. As mobility enhancement is critical in this scenario to avoid much impact to the core network. To avoid the impact to the eNB and assure the scalability, the X2 GW based approach should be adopted between eNB and HeNB if HeNB GW is deployed. In low HeNB density area without HeNB GW, direct X2 interface can be used for mobility enhancement as there is no scalability issue in this case.

It is proposed to include the contents in section 2 to the TR in section 6.2.2 “Enhanced Mobility with macro network” and agree the following proposals. 
Proposal 1: X2GW based approach should be used in case of HeNB GW deployment.

Proposal 2: Direct X2 should be used in case of without HeNB GW deployment if necessary.
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