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1 Introduction 
In RAN3#83 meeting, further considerations and agreements are made for way forward on X2 GW[1], the left issue is how to complete the registration procedure for (H)eNB which can actually work well. In this contribution, we will discuss and analyse the remaining issues on registration procedure. 
2 Discussion
According to the way forward on X2 GW in RAN3#83:

2/ Registration by HeNB

It was agreed that registration via the registration procedure is mandatory for the HeNB supporting X2GW.

3/ registration by eNB

Registration is optional for eNB

Generally, A working Assumption was taken to select the “Registration via X2AP” as the registration procedure mandatory to be supported by HeNBs supporting X2GW.
The corresponding baseline CRs are provided in R3-140474, R3-140475.
2.1 Remaining issues
1) Registration procedure shall be class1 or class 2 Elementary Procedure?
The registration procedure is agreed to select the “Registration via X2AP” solution to establish the mapping database of HeNBs’ ID and its IP address in the X2 GW when the HeNBs power on for the routing purpose. 

On our understanding, the registration procedure needs ACK from X2 GW in order to make the source HeNB acknowledge that the connected X2 GW has recorded the mapping database of HeNBs’ ID and the corresponding IP address successfully. Then the source HeNB can trigger the following X2AP procedures towards the target (H)eNB via X2 GW, else the following X2AP procedures towards the target (H)eNB via X2 GW may fail without any confirmation of the registration procedure due to the lack of the mapping information of HeNBs’ ID and its IP address in the X2 GW. Therefore, the X2 registration should be defined as Class1 procedure. 

There are two options to achieve this:
a. Reuse X2AP Message Transfer to perform registration ACK

Registration of a HeNB is carried out when X2AP Message Transfer message is initiated towards designated X2-GW with a Source HeNB ID but with no Target eNB ID and no X2AP Message. Upon receipt of the X2AP MESSAGE TRANSFER message without Target eNB ID and no X2AP Message, the X2 GW register HeNB in its mapping table containing the HeNB’s global eNB ID, and the TNL information from which the X2AP MESSAGE TRANSFER message is received. In case the registration is successful, the X2 GW shall respond with the X2AP Message Transfer message with the same Source HeNB ID but with no Target eNB ID and no X2AP Message. In case the registration is not successful, the X2 GW shall respond with the X2AP Message Transfer message with the same Source HeNB ID but with no Target eNB ID and no X2AP Message, and indicate the cause of the failure.
b. Define new class1 Elementary Procedure for Registration
The new class1 Elementary Procedure named the Register Procedure is introduced, which includes the REGISTER REQUEST message, the REGISTER ACKNOWLEDGE message and the REGISTER FAILURE message.
the X2 GW terminates the REGISTER REQUEST message with a Source HeNB ID and the X2 GW register HeNB in its mapping table containing the HeNB’s global eNB ID, and the TNL information from which the REGISTER REQUEST message is received. In case the registration is successful, the X2 GW shall respond with the REGISTER ACKNOWLEDGE message with the same Source HeNB ID. In case the registration is not successful, the X2 GW shall respond with the REGISTER FAILURE message with the same Source HeNB ID and indicating the cause of the failure. 
The Register Procedure can also be used for the maintenance of association between the TNL address and the Global HeNB ID.
However, option b) will bring more standard impact than option a). Here we propose:

Proposal1. It is proposed that registration should be defined as Class1 procedure, and reuse X2AP Message Transfer to perform registration ACK.

2) How to perform eNB Registration when HeNB finds a eNB cell while eNB has not registered on X2 GW?
According to the latest agreement on last meeting, registration is optional for eNB, which means that it is possible that when the HeNB finds a eNB cell and uses the enhanced TNL discovery to get the eNB IP@, then HeNB will trigger X2 SETUP procedure to the target eNB but the eNB has not registered on the X2 GW.
Furthermore, since the configuration of X2GW IP@(s) in eNB is optional and the X2 GW IP@ may be not configured in eNB, it is hard for the eNB always registers on the X2 GW after powering on. On the other hand, when a HeNB discovers a eNB cell, the eNB may have’t found a HeNB cell connecting to the X2 GW and triggered the TNL address discovery procedure to obtain the X2 GW IP address. As a result, unlike the case of HeNB, the time of registration for eNB on X2 GW is particular uncertain. Therefore, when the HeNB discovers an eNB cell and indirect X2 connection is decided to be established, it is possible that the eNB hasn’t registered on the X2 GW yet. If the X2-GW doesn’t have the routing information of the target eNB when receiving the X2 SETUP REQUEST message from HeNB, the X2-GW can’t route the X2 SETUP REQUEST message towards eNB. In this situation, the registration procedure for eNB combined with X2 setup procedure is necessary.
Because the X2 GW does not terminate X2AP procedures except for the X2AP Message Transfer procedure, and X2 SETUP REQUEST message will be included in X2AP Message Transfer, when HeNB triggers X2 SETUP procedure with the target eNB, the eNB IP@ can be included in the X2AP Message Transfer, X2 GW will register the target eNB in its mapping table containing the eNB’s global eNB ID and the eNB IP@.

Proposal2. It is proposed to include the eNB IP@ in the X2AP Message Transfer to perform eNB Registration.

3) How to handle X2 Setup failure when the HeNB initiates X2 SETUP procedure towards target eNB without TNL discovery procedure?
Scenario 1: X2 Setup failure occurs at X2 GW

When the HeNB finds a new neighbour cell of the eNB and indirect X2 connection needs to be established, the HeNB can initiate X2 SETUP procedure to the connected X2-GW including the target eNB ID directly in order to avoid unnecessary TNL discovery procedure. 
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According to [2][3], there are three kinds of failure cases have been analyzed :

a) No mapping info about the RNL ID and IP@ of the target eNB exists in X2-GW
In this case, when the HeNB receives the X2 SETUP failure message, the possible subsequent handling is listed as below:
Option a-1): The HeNB indicates the X2-GW’s IP@ in the TNL address discovery procedure to the eNB. And then the eNB may register on the X2-GW based on the X2-GW’s IP@ if Register procedure is needed on the eNB side. The mapping info about the RNL ID and IP@ of the connected eNB will be stored on the X2-GW. Else, the eNB can initiate the X2 SETUP procedure with the HeNB directly.

Option a-2): The HeNB initiates TNL address discovery procedure to obtain the eNB IP@, and then transfers the eNB IP@ to the X2-GW which can avoid the eNB performing the Registration.
After the mapping info about the RNL ID and IP@ of the target eNB have been stored in X2-GW by the above optional handling, the X2 SETUP procedure between the source HeNB and the target eNB can perform successfully.
b) X2 connection is not allowed between eNB and X2-GW
In this case, when the HeNB receives the X2 SETUP failure message, the possible subsequent handling is listed as below:
Option b-1): The HeNB indicates the X2-GW’s IP@ in the TNL address discovery procedure to the eNB. And then the eNB compares the indicated X2-GW’s IP@ with local allowed X2-GW(s)’s configuration information. If the HeNB and the eNB connect to different X2-GWs, the eNB shall notify the HeNB that proxy X2 connection via the indicated X2-GW is not allowed.

Option b-2): The HeNB initiates TNL address discovery procedure to obtain the eNB IP@, and then transfers the eNB IP@ to the X2-GW in order to trigger the Registration between X2-GW and eNB. On the other hand, if allowed, the eNB can use the indicated X2-GW’s IP@ of HeNB to trigger the Registration between eNB and X2-GW. If the Register procedure is failure, the X2-GW shall notify the HeNB that the proxy X2 connection is not allowed between the HeNB and the eNB.

As a sequence, the HeNB will not trigger the X2 SETUP procedure towards the eNB again via the X2-GW which the HeNB connects with and unnecessary X2 SETUP messages can be avoided. Furthermore, if other HeNB(s) connects with the same X2-GW finds a cell of the same eNB, because the X2-GW has known that no X2-GW based X2 connection is allowed towards the eNB, the X2-GW can send the X2 SETUP FAILURE with the same failure cause value.

c) SCTP breaking between eNB and X2-GW

In this case, when the HeNB receives the X2 SETUP failure message, the HeNB shall wait at least for the indicated time before reinitiating the X2 Setup procedure towards the same eNB via X2-GW. It has already been covered by the current cause value in specification.

In summary, the following new cause values are proposed to be introduced corresponding to case a) and case b):
	Signalling Connection not Available
	The signalling connection is temporarily not available, e.g., no mapping info about the RNL ID and IP@ of the target eNB exists.

	Signalling Connection not Allowed
	The signalling connection is not allowed.


Furthermore, because the X2 GW does not terminate X2AP procedures except for the X2AP Message Transfer procedure, and X2 SETUP REQUEST message will be included in X2AP Message Transfer, it is proposed to define new cause values in the X2AP Message Transfer message with the same Source HeNB ID and the same Target eNB ID and no X2AP Message which is sent by X2 GW.
Proposal 3: It is proposed to introduce above cause values in the X2AP Message Transfer message when X2 Setup failure occurs at X2 GW.
Scenario 2: X2 Setup Failure occurs at eNB
The scalability requirement for X2 GW agreed in [5], the solution should also possibly provide gain in terms of reducing the signalling overhead induced by the TNL discovery process of all those eNBs and HeNBs. As a consequence, according to [4], the HeNB can effectively immediately send an X2 Setup Request message to the X2GW it has registered with. The eNB will respond with an X2 setup response via the X2GW and the X2 interface will hence be established via the X2GW. However, if the eNB prefers to support a direct X2 with the HeNB, the eNB will send back an X2 Setup Failure to the HeNB via the X2GW. Ordinarily the HeNB would then have no other choice than to trigger the TNL address discovery to get the IP@ of the eNB to then trigger the establishment of the direct X2 interface. However in order to avoid having to use the TNL discovery procedure, the eNB could simply include its IP@ in the X2 Setup Failure message.
The same principle as in the scenario where the HeNB discovers the eNB can then apply: if the HeNB prefers a direct X2, it could send back its IP@ in the X2 Setup Failure message so that eNB subsequently triggers a direct X2 Setup.
Therefore, when X2 Setup Failure occurs at the target (H)eNB due to different X2 connection type preference,  the target (H)eNB shall include the IP@ of the sender in the X2AP Setup Failure message, the use of the TNL address discovery procedure will be avoided as much as possible. 

Proposal 4: It is proposed to include the IP@ of the sender in the X2AP Setup Failure message.
3 Conclusion and proposals
In this contribution, the remaining issues on registration procedure for X2-GWare analyzed in order to complete the stage2 and stage3 work for X2 GW function. Here we propose:

Proposal1. It is proposed that registration should be defined as Class1 procedure, and reuse X2AP Message Transfer to perform registration ACK.

Proposal2. It is proposed to include the eNB IP@ in the X2AP Message Transfer to perform eNB Registration.

Proposal 3: It is proposed to introduce above cause values in the X2AP Message Transfer message when X2 Setup Failure occur at X2 GW.
Proposal 4: It is proposed to include the IP@ of the sender in the X2AP Setup Failure message to avoid unnecessary TNL discovery procedures.
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