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1   Introduction 
During the last meeting, it was left open whether the X2-GW is only used for eNB-HeNB mobility enhancement, or can also be used for HeNB-HeNB mobility enhancement. This contribution analyzes the issues and proposes a way forward.
2   Detailed analysis 
Scope of X2-GW
The SI phase extensively discussed using X2-GW for enhanced eNB-HeNB mobility, but did not have much discussion on using X2-GW for HeNB-HeNB mobility. Rel-10 already supports X2 between HeNBs. The possible benefit of using X2-GW for HeNB-HeNB to reduce the number of X2 signalling bearer (SCTP) connections to be supported in HeNB is not immediately evident. A typical HeNB only covers a small area and it can be assumed, that a HeNB does not have as many neighboring HeNBs as maybe an eNB would have in case X2 connectivity supported towards HeNBs. In a campus/enterprise scenario (assuming excellent environment conditions), there could be neighbours from the same, the upper and lower floor, resulting in maybe around 8 “effective” neighbours.

One possible benefit for X2 via X2-GW is to reduce the IOT effort. This may not be obvious for enterprise deployment, since we would expect an enterprise to usually use HeNBs from one or two vendors. But the Open HeNB may come from multiple vendors. Without X2 via X2-GW, each Open HeNB vendor has to test with all other Open HeNB vendors to ensure interoperability. In contrast, when using X2 via X2-GW, each Open HeNB vendor essentially needs to test with the X2-GW. 
Consequently, if using the X2-GW for HeNB-HeNB can be supported without additional changes, or very small changes to X2-GW or HeNB, we see no reason why not also allow its use for the HeNB-HeNB scenario as well.
Proposal 1: The typical use case of HeNB with high number of neighboring HeNBs requiring X2-GW function should be clarified before proceeding with the specification work. 
Proposal 2: The X2-GW can be used for HeNB-HeNB, if no change or very small change to X2-GW and HeNB could be identified. 
The following sections analyze the usage scenarios and possible issues if using X2-GW for HeNB-HeNB.
Usage Scenarios

As agreed in last meeting, the HeNB is preconfigured with the IP address of the X2-GW. Once the HeNB power up, it first establishes the SCTP association for X2 transport with the X2-GW. There are four possible scenarios for HeNB-HeNB enhanced mobility:
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Figure 1 – Usage Scenarios for HeNB-HeNB mobility
· Scenario 1: source HeNB is Rel-10 HeNB. Target HeNB is Rel-11 HeNB

· Scenario 2: Both source HeNB and target HeNB are Rel-11. Both connects to same X2-GW

· Scenario 3: Both source HeNB and target HeNB are Rel-11, but connects to different X2-GW

· Scenario 4: source HeNB is Rel-11 HeNB. Target HeNB is Rel-10 HeNB

In Scenario 1, if source HeNB initiates the TNL address discovery, the target HeNB may return IP addresses for both itself, and the X2-GW. Since the source is Rel-10 HeNB, it will just ignore the optional additional IP address for the X2-GW. The source then uses the target’s own IP address to initiate the X2 setup. Thus direct X2 transport is setup between source HeNB and target HeNB without using the X2-GW. There is no issue at all. 
In Scenario 2, if source HeNB initiates the TNL address discovery, the target HeNB may return IP addresses for both itself, and the X2-GW as in scenario 1. Since the source is Rel-11 HeNB, it can know the target connects to same X2-GW and X2 via X2-GW can be used. The HeNB can use the similar mechanism as eNB-HeNB for X2 setup, routing, etc. There is also no issue. 

In Scenario 3, if source HeNB initiates the TNL address discovery, the target HeNB may return IP addresses for both itself, and the X2-GW. Source HeNB can know X2 via X2-GW can be used, but it also knows target uses a different X2-GW. It is unclear on how to setup X2, and route X2 msg across X2-GWs. If the inter-X2-GW connectivity is a big issue, it is also unclear whether the inter-X2-GW connectivity issue could be avoided at all.  

In Scenario 4, if source HeNB initiates the TNL address discovery, the target HeNB only return its IP addresses. Source can then understand X2 via X2-GW cannot be used for this target HeNB. So source can initiates direct X2 setup with target HeNB without using the X2-GW. There is also no issue.

Inter-X2-GW connectivity
A first idea for the inter-X2-GW connectivity is to usean SCTP association between the two X2-GWs, then source HeNB initiates the X2 and the X2 Setup Req msg is routeed via the two X2-GWs to the target HeNB. The X2-GW can be preconfigured with the IP adr of the neighboring X2-GWs, then the X2-GW establish the SCTP with neighboring X2-GWs once powered up. The question is how the source X2-GW knows that the X2 Setup Req msg from the source should be routed via the peer X2-GW. 
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Figure 2 – Inter-X2-GW connectivity
· Option 1: the  X2-GW uses DNS based methods to retrieve the information of the peer X2-GW

The X2 Setup Req msg contains information of target HeNB, e.g. the HeNBs Fully Qualified Domain Name (FQDN). The receiving X2-GW can initiate a DNS procedure to retrieve the IP adr of the peer X2-GW. This requires the HeNB to dynamically register with the DNS database, in order to provide the IP adr of its X2-GW. This also requires a new DNS database, which seems overkill. 

· Option 2: the receiving X2-GW uses target HeNB’s TAI to determine the  peer X2-GW

In this method, each X2-GW supports a specific area, i.e. TAI. This is similar to the HeNB-GW which uses a TAI that is not shared with other HeNB-GWs. Each X2-GW is preconfigured with the TAIs supported in neighboring X2-GW. The X2 Setup Req msg contains TAI of the target HeNB. When the X2-GW receives the X2 Setup Req, it can uses the target HeNB’s TAI to determine the peer X2-GW. The X2-GW can memorize this information when need to forward other X2 messages to the same target HeNB.
· Option 3: the X2 Setup Req msg includes the information of peer X2-GW
The source HeNB know the IP adr of target HeNB and the peer’s X2-GW during the TNL adr discovery procedure. The source HeNB then includes an additional IE to carry the IP adr of target HeNB and peer’s X2-GW, to enable the receiving X2-GW to forward the X2 Setup Req msg to peer’s X2-GW. 
Observation 1: The inter-X2-GW connectivity issue could be solved if the X2 msg includes the information about the peer X2-GW, or TAI based routing is used.
Of course, the inter-X2-GW connectivity issue could be solved from a different angle. The inter-X2-GW connectivity issue is due to the assumption that the HeNB only connects to one X2-GW. If the HeNB connects to both X2-GWs, the issue may be gone. The operator may want to preconfigure the IP addresses of multiple X2-GWs in the HeNB for the purpose of load sharing, redundancy reason, etc. The following figure shows the possible call flow for X2 setup when HeNB connects to multiple X2-GWs. 
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Figure 3 – HeNB connects to multiple X2-GWs
 Step 1: both HeNB are preconfigured with the IP adr of both X2-GWs. The HeNB establishes the SCTP association with both X2-GWs. For some reason, operator may want the source HeNB to primarily use X2-GW1, while target HeNB to primarily use X2-GW2.
Step 2: Source HeNB initiates the TNL adr discovery procedure. The Req msg may include the IP adr of source HeNB and the information of its X2-GWs. 

Step 3: Target HeNBs replies the TNL adr discovery request. The msg include the IP adr of target HeNB and the information of its X2-GWs. 

Step 4: Source HeNB uses X2-GW1 to initiate X2 Setup. The msg contains information of target HeNB. X2-GW1 forward the X2 Setup Req msg to target HeNB. There may be a race condition that target HeNB also initiates the X2 Setup via X2-GW2. As a result, two X2 interfaces are setup between source HeNB and target HeNB via different X2-GWs. Of course, a smart HeNB may reject the X2 Setup Req from the peer HeNB if it already initiated the X2 Setup Req procedure. But this may not align with the handling for race condition in current X2, which accepts the X2 Setup Req. Also, it is unclear whether this aligns with the X2 signaling transport ([3]), which defines “There shall be only one SCTP association established between one eNB pair.” 
Observation: connecting the HeNB to multiple X2-GWs may cause more issues.
Proposal 3: The inter-X2-GW connectivity issue could be solved if the X2 msg includes the information about the target X2-GW, or TAI based routing is used.
3   Conclusion and Proposals
This contribution analyzed the scenarios and possible issues for using X2-GW for HeNB-HeNB. Our proposals are:
Proposal 1: The typical use case of HeNB with high number of neighboring HeNBs requiring X2-GW function should be clarified before proceeding with the specification work. 
Proposal 2: The X2-GW can be used for HeNB-HeNB, if no change or very small change to X2-GW and HeNB could be identified. 
Proposal 3: The inter-X2-GW connectivity issue could be solved if the X2 msg includes the information about the peer X2-GW, or TAI based routing is used.
.
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