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1 Introduction 
The way forward for X2-GW support for HeNB was agreed in last RAN3#81 meeting. Here we focus on the message handling principle on X2-GW deployment.

2 Discussion

2.1 End-to-End or Hop-by-Hop
There are two alternative solutions for X2-GW:

· Solution 1: X2 Routing Proxy, End-to-End
· Solution 2: X2-Proxy, Hop-by-Hop
On solution 1 X2 Routing Proxy solution, X2-GW only acts as a routing entity and doesn’t execute RNL functions. The X2 connection is established between eNB and HeNB which needs routing via X2-GW. While on solution 2 X2-Proxy solution, the X2-GW has the X2-proxy function, which is similar as the X2 proxy function of DeNB. The X2 connection is setup Hop-by-Hop, one is between eNB and X2-GW and the other is between X2-GW and HeNB.
During the last meeting, the EPC load reduction is considered as the most important requirement for solutions down-selection. Here is our analysis on how to reduce the TNL address discovery procedure using the above two solutions respectively.
2.2 How to reduce the TNL address discovery procedure at HeNB initial power up case
Considering the deployment of HeNBs in the network, if eNB is deployed in high density of HeNB area where there are up to several hundred HeNBs under the coverage of the eNB, it will be busy with detecting HeNBs and disturbed by frequently initiating TNL address discovery procedure to newly detected HeNBs. Therefore how to reduce the TNL address discovery procedure to HeNBs in order to decrease the signalling overload to MME is an important issue.
End-to-End option:
Here is the traditional signalling flow for the TNL address discovery procedure to HeNBs.
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 Figure1: the traditional signalling flow for the TNL address discovery procedure to HeNBs based on End-to-End option

According to Figure1, we can see that the following processes need to be introduced:
1) On step1, X2-GW needs to achieve and store the current HeNB IDs and the corresponding TNL addresses mapping info for X2 AP messages transferring. For example, it can be achieved by HeNB establishing an SCTP association and triggering Register procedure to the X2-GW at start-up.
2) The target RNL ID is included in X2 Setup Request is agreed in the last meeting. The target (H)eNB ID needs to be introduced in X2 AP messages for routing purpose. Especially, the source (H)eNB ID also needs to be introduced in some X2 AP messages to avoid the confusion caused by the delay over X2 interface, e.g., X2 Setup Failure message. Both source and target RNL IDs are needed in case of parallel X2 AP procedures involving different (H)eNB pairs, because there has the possibility that the source node will receive the response messages out of order. 
In addition, if UE detects other serving cells of the different HeNBs connected with X2-GW, eNB still needs to trigger the TNL address discovery procedure to these HeNBs in order to complete the X2 Setup procedure with different target HeNBs without any enhancement in ETE solution.
In order to reduce the unnecessary TNL address discovery procedures, the possible enhancement is that X2-GW can store and transfer the cell information related with connected H(e)NBs as the signalling flow shown as below.
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Figure2: the optimized signalling flow for the TNL address discovery procedure to HeNBs based on End-to-End option

According to Figure2, we can see that the following processes need to be introduced:

1) On step1, X2-GW needs to achieve and store the current HeNB IDs and the corresponding TNL addresses mapping info for X2 AP messages transferring, and the serving cells information of connected HeNBs at the same time. 

2) On step 12, when X2-GW transfers the X2 Setup Response to eNB, all the serving cells information of connected HeNBs stored in the X2-GW needs to be notified to eNB. The argument here would be that only the HeNB ID list stored in the X2-GW are needed to be notified to eNB, then eNB can transfer the X2 AP messages to the newly found HeNB2 via HeNB2 ID. But let us remind that UE only reports PCI of the newly found HeNB2 cell to the eNB, and the eNB needs to obtain the corresponding target HeNB ID for X2 setup routing. ANR would be possible to be used to get the ECGI (HeNB2 ID can be achieved from ECGI) of the newly found HeNB2 cell, but it only works as best effort function. For UEs who do not support ANR, if there is no HeNB2 serving cell information in the NRT stored in eNB, the eNB can not get the mapping relation between the PCI and HeNB2 ID. Therefore, eNB still can not transfer the X2 AP messages to the newly founded HeNB2 if only the HeNB ID list stored in the X2-GW are acknowledged by eNB.
If UE detects serving cell of the HeNB2 connected with X2-GWwhich has already existed in the local NRT of eNB, eNB will acknowledge that the SCTP connection between HeNB2 and X2-GW has already established. Thus the TNL address discovery procedure to HeNB2 is not needed any more. However, the X2 Setup procedure between eNB and HeNB2 is still necessary in order to transfer the serving cells information of eNB to HeNB2.
3) The target (H)eNB ID needs to be introduced in X2 AP messages for routing purpose. Especially, the source (H)eNB ID also need to be introduced in some X2 AP messages to avoid the confusion caused by delay over X2 interface, e.g., X2 Setup Failure message. Both source and target RNL ID are needed in case of parallel X2 AP procedures involving different (H)eNB pairs, because there has the possibility that the source node will receive the response messages out of order.
Proposal1: X2-GW stores and transfers the serving cells information of  the connected H(e)NBs to the peer node as well in order to reduce the TNL address discovery procedures, which increases the complexity of the X2-GW on End-to-End option.
Hop-by-Hop option:
The signalling flow for the TNL address discovery procedure to HeNBs is shown as below.
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Figure3: the optimized signalling flow for the TNL address discovery procedure to HeNBs based on Hop-by-Hop option

According to Figure3, we can see the following points:
1) On step1, X2-GW needs to achieve and store the current HeNB IDs and the corresponding TNL addresses mapping info for X2 AP messages transferring, and the serving cells information of HeNBs at the same time. Since the X2-GW terminates the X2 interface, this can also be achieved by X2 Setup procedure between HeNB and X2-GW easily and naturally.
2) On step 10, when X2-GW terminates the X2 Setup procedure between HeNB1 and eNB, all the serving cell information of HeNBs stored in the X2-GW can be notified to eNB on X2 Setup Response message.  And after X2-GW gets the serving cells information of eNB, it can notify these to all the HeNBs connected with X2-GW by eNB Configuration Update message. If UE detects serving cell of the HeNB2 connected with X2-GW which has already existed in the local NRT of eNB, eNB will acknowledge that the X2 connection between HeNB2 and X2-GW has already established. Thus the TNL address discovery procedure to HeNB2 is not needed any more. On this solution, the X2-GW has the full X2-proxy function, which means the X2-GW needs individual X2-GW ID for X2 AP messages dealing.
Since the X2-GW works as a full proxy under the hop-by-hop option, X2-GW has the capability to store and deal with the related cells information naturally. Therefore, there is no additional processing burden to X2-GW.
Proposal2: X2-GW supports to store and deal with the related cells information naturally which can reduce the TNL address discovery procedures, when the X2-GW works as a full proxy on Hop-by-Hop option. 
2.3 How to reduce the TNL address discovery procedure at HeNB switch off/on case
If HeNB turns off/breaks down, the HeNB/X2 GW will notify the peer (H)eNBs by a notify message when it turns off/breaks down, then all the related application info of this HeNB(includes its ip@) will possibly be cleaned in the peer node. The notify solution when HeNB switch off is discussed in [1]. The notify solution can be used for both ETE and HBH options. However, it will add the complexity of X2 GW in case of ETE.
If the the peer (H)eNB keeps the neighbouring HeNB information for a while after receiving the turn off notification of the HeNB, the following cases need to be considered:
Case 1: eNB initiated X2 setup with HeNB (with changed IP@)
Though HeNB can send a new registration message towards X2 GW, how could eNB know which type of X2 connection shall be established with the newly found HeNB without TNL discovery procedure,especially the type of X2 connection may be changed after HeNB switch on?Furthermore, there has the possibility that when HeNB powers on, it will connect with another X2 GW, how could eNB know which X2 GW shall be chosen to transfer the X2 setup message.

In order to solve the above problem, the possible solution is that X2 GW shall inform the eNB about the newly connected HeNB, furthermore, X2 GW can also transfer the preferred X2 type information pre-configured in HeNB to eNB. Thus the eNB can initiated X2 setup with HeNB without TNL discovery procedure. It will also add the complexity of X2 GW in case of ETE.
if HBH is supported, HeNB will set up X2 connection with X2 GW and X2 GW will transfer the newly added information of HeNB to eNB  by eNB configuration Update message. Then if eNB wants to initiated X2 setup with HeNB with changed IP@, no more X2 SETUP procedure is needed. Since the X2 connection has already been established between eNB and X2 GW, and between X2 GW and HeNB, the X2 GW can route all the X2 AP messages to the newly connected HeNB.
Case 2: HeNB(with changed IP@) initiated X2 setup with eNB 
if ETE is supported, HeNB can send a new registration message towards X2 GW, and then X2 GW can transfer the subsequent X2 Setup messages to the target eNB according to the target RNL ID.
if HBH is supported, only X2 setup procedure is needed between HeNB and X2 GW, and then X2 GW can transfer the subsequent X2 AP messages to the target eNB according to the target RNL ID.
In this case, ETE or HBH can solve the problem with the same effort.

Proposal3: The TNL address discovery procedure in HeNB switch off/on case can be reduced naturally without adding the complexity to the X2-GW, when the X2-GW works as a full proxy on Hop-by-Hop option. 

3 Conclusion and proposals
In this paper, we discussed issues and solutions for X2 connection via X2-GW based on End-to-End option and Hop-by-Hop option. According to the above analysis, the following proposals are raised in RAN3:

Proposal1: X2-GW stores and transfers the serving cells information of  the connected H(e)NBs to the peer node as well in order to reduce the TNL address discovery procedures, which increases the complexity of the X2-GW on End-to-End option.
Proposal2: X2-GW supports to store and deal with the related cells information naturally which can reduce the TNL address discovery procedures, when the X2-GW works as a full proxy on Hop-by-Hop option. 
Proposal3: The TNL address discovery procedure in HeNB switch off/on case can be reduced naturally without adding the complexity to the X2-GW, when the X2-GW works as a full proxy on Hop-by-Hop option. 
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