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1 Introduction

At the RAN#51, a new WI for HeNB in Release 11 has been agreed. One objective of the WI is:
Evaluate the benefit of support of deployment scenarios with 2 HeNB-Gateways directly interconnected to each other. (RAN3 only)
In this contribution, we would like to analyse the two HeNB-GWs directly interconnected to each other for mobility.
2 Discussions
2.1 Scenarios

For inter-CSG mobility, an agreed conclusion is that verification of CSG membership should be done by EPC. If some HeNBs served by HeNB-GW A belong to different CSG with some HeNBs served by HeNB-GW B, it can be concluded that relieving CN load is not expected for direct X2 connection between these two HeNB-GWs. 

Considering the scenario such like deployment of HeNBs in large enterprises or campus, supporting direct interconnection between two HeNB-GWs may have some benefit. In this scenario, a number of HeNBs would deployed in several buildings or at a wide area. A mesh connection between every HeNBs will greatly increase the number of SCTP connection. It is natural to introduce HeNB-GW to improve scalability of connection. Figure 1 depicts the scenario we discussed above. If more than one HeNB-GW are deployed, the direct interconnection between HeNB-GWs is more useful for enhanced mobility.
The precondition of using direct interconnection between HeNB-GWs is all of HeNBs served by these two HeNB-GWs should belong to same CSG.
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Figure 1: Direct X2 interface between two HeNB-GWs
For enhanced mobility, an X2 interface between HeNB-GWs can be used to help relieving CN load of UE mobility, i.e. an indirect X2interface would be used between source HeNB and target HeNB via HeNB-GW(s). From signalling perspective, indirect X2 interface has same effect with direct X2 interface, but has one more advantage on SCTP scalability.
2.2 Message Routing

2.2.1 X2 interface setup
At the discussion in previous meetings, message routing problem on indirect X2 interface might be a problem. The reason is eNB ID of HeNB has any specific association with eNB ID of serving HeNB GW. It seems that finding the correct target HeNB GW serving target HeNB to route X2 handover message is difficult.
However, according to routing principles which have been made in HeNB-HeNB mobility enhancement and Relaying, message routing may not be a real problem.

We can begin from X2 setup procedure. It assumes that X2 connections between HeNBs and their serving HeNB GW have been established. When a neighbour HeNB cell detected by UE, source HeNB will trigger a TNL address retrieval procedure, which is similar to the procedure in Relay case. There is just a little difference on internal implementation in HeNB GW and DeNB.

Figure 2 shows a signalling flow for indirect X2 connection establishment between HeNB 1 and HeNB 2 via HeNB GW 1 and HeNB GW 2.

It assumes that network allocates eNB-ID 1, eNB-ID 2, eNB-ID 3 and eNB-ID 4 for HeNB 1, HeNB GW 1, HeNB GW 2 and HeNB 2 respectively. The TA which HeNB 1 located in tagged as TAI-1 and the TA which HeNB 2 located in tagged as TAI-4. The TNL address of HeNB GW 1 and HeNB GW 2 are represent as TNL-2 and TNL-3.
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Figure 2: TNL address retrieval between two HeNBs served by different HeNB GWs
1.
HeNB 1 receives a report from UE that the UE detected a new neighbour cell. When HeNB 1 is not aware of this detected cell, HeNB 1 will send a S1AP eNB CONFIGURATION TRANSFER message to serving HeNB GW 1 to trigger TNL address retrieval procedure. The source ID in the message indicates to HeNB 2, eNB-ID 4 and TAI-4 are contained as Target ID.

2.
HeNB GW 1 forwards eNB CONFIGURATION TRANSFER message to MME by replacing eNB ID of Source ID to the eNB ID of HeNB GW 1. Due to proxy function on HeNB GW, eNB/MME Configuration Transfer procedure can not run on S1 interface parallel, HeNB GW 1 will make a mark that it is waiting for response message for this eNB CONFIGURATION TRANSFER message.

3.
MME reconstructs an MME CONFIGURATION TRANSFER message and forwards it to HeNB GW 2 based on target TAI.

4.
HeNB GW 2 confirms that TAI-4 is served by itself. It is default that there have been established X2 connections with its serving HeNBs. HeNB GW 2 replies with an eNB CONFIGURATION TRANSFER message, containing eNB-ID and TNL address of HeNB GW 2 as source node information. Target ID IE filled with the source information which has received in previous MME CONFIGURATION TRANSFER message.
5.
MME forwards MME CONFIGURATION TRANSFER to HeNB GW 1 according to target TAI.
HeNB GW 1 associates the eNB ID of HeNB 2 which has been stored at step 2 with the TNL address of HeNB GW 2 which was received in MME CONFIGURATION TRANSFER message. The relationship between HeNB 2 and HeNB GW 2 is remembered in HeNB GW 1.

6.
If there does not have X2 interface between HeNB GW 1 and HeNB GW 2, HeNB GW 1 initiates X2 Setup procedure towards HeNB GW 2. The X2 SETUP REQUEST message contains the eNB ID of HeNB GW 1, but serving cell information indicates to HeNB 1.

7.
HeNB GW 2 replies with X2 SETUP RESPONSE message in which contains the information of HeNB 2 as its serving cell.

8.
HeNB GW 1 sends X2AP eNB CONFIGURATION UPDATE message to HeNB 1, indicating HeNB 2 as the neighbour cell which has X2 connection for mobility with HeNB GW 1.
8a.HeNB GW 2 sends X2AP eNB CONFIGURATION UPDATE message to HeNB 2, indicating HeNB 1 as the neighbour cell which has X2 connection for mobility with HeNB GW 2.

9.
HeNB 1 replies eNB CONFIGURATION UPDATE ACK message.

9a.
HeNB 2 replies eNB CONFIGURATION UPDATE ACK message.

After this procedure, an indirect X2 interface for mobility between HeNB 1 and HeNB 2 is established. And mapping information about HeNB 2 and HeNB GW 2 stored in HeNB 1. This mapping information can be used for message routing in subsequent handover.

Due to proxy function, TNL address retrieval procedure can not parallel running in HeNB GW. Therefore, the method discussed above can be implemented.
2.2.2 X2 handover message routing
After X2 interface between HeNB 1 and HeNB 2 established, the X2 handover signalling for a UE when it moved from HeNB 1 to HeNB 2 is listed in Figure 3.
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Figure 3: X2 Handover signalling flow between HeNBs via HeNB-GWs
By the routing information stored in HeNB GW 1, handover message can be forwarded to HeNB GW 2 and further to HeNB 2 correctly.

It shows that no problem will be occurred during handover message routing via indirect X2 interface.

2.3 Summary

In the discussion in 2.1 and 2.2, an X2 interconnection with two HeNB GWs for mobility has benefits on cost control (decrease the number of SCTPs) and scalability, and there does not have problem on message routing.

3 Conclusion

During the discussion, it shows that direct X2 interconnection for two HeNB GWs has reasonable use case. We propose RAN3 to consider supporting this enhancement for HeNB, for no problem has been found up to now.
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