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1. Introduction
The X2 Removal procedure was introduced in Release 12 in order to to remove the signaling connection between two eNBs in a controlled manner. However, there may be some problem after the X2 removal procedure if the X2 connectivity is established via the X2 GW between the peer (H)eNBs. In this contribution, we discuss the X2 removal issue in the X2 GW deployment. And then, we present some potential solutions to solve this problem.
2. Discussion
Problem description 
As illustrated in figure 1, the HeNB connects to the X2 GW and establish indirect X2 connection to Enb1 and Enb2 via the X2 GW. In this scenario, all X2AP messages (except the X2AP X2 MESSAGE TRANSFER message) transferred between the HeNB and the Enb2/Enb2 are encapsulated in an X2AP X2 MESSAGE TRANSFER message. The X2 GW transparently route the X2AP messages encapsulated in the received X2 MESSAGE TRANSFER message to the destination eNB, unless the X2 MESSAGE TRANSFER message is for registration purpose [1].  
On the other hand, once the HeNB power off, the X2 GW could detect that the SCTP connection to the HeNB is unavailable. And then, the X2 GW initiates the X2 Release procedure to inform the relevant (H)eNBs. The relevant (H)eNBs are the ones which had an "X2AP association" with this (H)eNB via the X2 GW when the signalling connection became unavailable [1].

[image: image1.emf]eNB2 HeNB

X2 GW

X2 X2

eNB1

X2


Figure 1. X2 connectivity via X2 GW

Figure 2 illustrated the call flows of X2 release after X2 removal procedure in the above deployment scenario. The key steps are analyzed as below:
Step 1-5, HeNB initiates X2 removal procedure towards the eNB. The X2 removal request/response messages are encapsulated in the X2AP X2 MESSAGE TRANSFER message and transparently routed by the X2 GW. Upon receiving the X2 removal response message from the eNB, the HeNB initiates removal of the TNL association towards the eNB and all resources associated with that signaling connection are removed by the HeNB and the eNB.  
Step 6-7.  HeNB powers off. And then the X2 GW detects that the SCTP connection to the HeNB is unavailable. 
Step 8.  The X2 GW initiates the X2 Release procedure to inform the relevant (H)eNBs which had an "X2AP association" with this HeNB via the X2 GW. Since the X2 GW transparently rout the X2 removal request/response messages encapsulated in the X2 MESSAGE TRANSFER message, the X2 GW is not aware that the X2 connection relation between the HeNB and the eNB is released. In another words, the X2 GW regards that HeNB still has X2 connection with eNB according to the X2 connection relation information maintained in the X2 GW.  

As result, the X2 GW shall send X2 release message to the eNB (i.e. eNB1 and eNB2 in figure 1) containing the eNB ID of the HeNB. However, the eNB has already removed the X2 connection with the HeNB and all resources associated with that signaling connection are removed by the eNB. In another words, the X2 release message to the eNB is unnecessary. It would bring extra signaling overhead to the eNB, especially in the dense HeNB deployment scenario and the HeNB may switch off frequently. It may also lead to confusion or error alert in the eNB. 
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Figure 2.
Observation: In the scenario of X2 removal between (H)eNBs via X2 GW, extra signaling overhead may be introduced to the (H)eNB, especially in the dense HeNB deployment scenario and the HeNB may switch off frequently. It may also lead to confusion or error alert in the (H)eNB.
Proposal 1: X2 GW should be aware of the X2 removal procedure between (H)eNBs.
Potential solutions 
In order to solve the problem analyzed in section 2.1, X2 GW should be made aware of the X2 removal procedure between (H)eNBs. In our view, there are two potential solutions as below. 
Solution 1. The X2 removal request/response/reject messages are not encapsulated in the X2AP X2 MESSAGE TRANSFER message. 
Figure 3 illustrated the call flows using solution 1. In this solution, the (H)eNB don't encapsulate X2 removal request/response/reject messages in the X2AP X2 MESSAGE TRANSFER message. When the X2 GW receives X2 removal request/response/reject messages, it is made aware of the process of the X2 removal procedure. Once the X2 GW receives the X2 removal response message, it determines that the X2 connection is removed successfully between the source and target (H)eNBs. And then the X2 GW could delete the X2 relation between the source and target (H)eNBs. 
In solution 1, the source and target eNB ID should both be contained in X2 removal request/response/reject messages for the purpose of the routing in the X2 GW. As a result, new IEs should be added in X2 removal request/response/reject messages.
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Figure 3
Solution 2. Include new X2 removal indication IE in the X2AP X2 MESSAGE TRANSFER message if the X2 removal messages is encapsulated.
Figure 4 illustrated the call flows using solution 2. In this solution, the (H)eNB still encapsulate X2 removal request/response/reject messages in the X2AP X2 MESSAGE TRANSFER message. In addition, new X2 removal indication IE is included in the RNL header of the X2 MESSAGE TRANSFER message. The new X2 removal indication IE is used to indicate the message type of the X2AP message included in the X2 MESSAGE TRANSFER message, e.g. X2 removal request/response/reject. And then, the X2 GW could be aware of the process of the X2 removal procedure via the X2 removal indication included in the RNL header in the received MESSAGE TRANSFER message. Once the X2 GW determines that the X2 connection is removed successfully between the source and target (H)eNBs, the X2 GW could delete the X2 relation between the source and target (H)eNBs. 
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Figure 4
Proposal 2: Discuss the two potential solution discussed in section 2.2:
Solution 1. The X2 removal request/response/reject messages are not encapsulated in the X2AP X2 MESSAGE TRANSFER message. 

Solution 2. Include new X2 removal indication IE in the X2AP X2 MESSAGE TRANSFER message if the X2 removal messages is encapsulated.

3. Conclusion
In this contribution, we discussed the X2 removal issue in the X2 GW deployment. And then, we presented some potential solutions to solve this problem.Here we have the following observation and proposals:
Observation: In the scenario of X2 removal between (H)eNBs via X2 GW, extra signaling overhead may be introduced to the (H)eNB, especially in the dense HeNB deployment scenario and the HeNB may switch off frequently. It may also lead to confusion or error alert in the (H)eNB.

Proposal 1: X2 GW should be aware of the X2 removal procedure between (H)eNBs.
Proposal 2: Discuss the two potential solution discussed in section 2.2:

Solution 1. The X2 removal request/response/reject messages are not encapsulated in the X2AP X2 MESSAGE TRANSFER message. 

Solution 2. Include new X2 removal indication IE in the X2AP X2 MESSAGE TRANSFER message if the X2 removal messages is encapsulated.

4. References

[1]  TS 36.300
1
1

_1507704978.vsd
�

�

eNB2


HeNB


X2 GW


X2


X2


eNB1


X2


HeNB


eNB


1. X2AP message transfer
(X2 removal request)


3. X2AP message transfer
(X2 removal response)


X2 GW


2. X2AP message transfer
(X2 removal request)


4. X2AP message transfer
(X2 removal response)


5. HeNB initiate removal of the TNL association towards the eNB and all resources associated with that signaling connection are removed by the HeNB and the eNB.  


6. HeNB power off


7. Detect that the SCTP association to the HeNB is unavailable  


8. X2 release


HeNB


eNB


1. X2 removal request


3. X2 removal response


X2 GW


2. X2 removal request


4. X2 removal response


6. HeNB initiate removal of the TNL association towards the eNB and all resources associated with that signaling connection are removed by the HeNB and the eNB.  


5. delete the X2 relation between the HeNB and the eNB


HeNB


eNB


1. X2AP message transfer
(X2 removal request, 
X2 release request indication)


3. X2AP message transfer
(X2 removal response, 
X2 release response indication)


X2 GW


2. X2AP message transfer
(X2 removal request, 
X2 release request indication)


4. X2AP message transfer
(X2 removal response)


6. HeNB initiate removal of the TNL association towards the eNB and all resources associated with that signaling connection are removed by the HeNB and the eNB.  


5. delete the X2 relation between the HeNB and the eNB



_1507706564.vsd
�

�

eNB2


HeNB


X2 GW


X2


X2


eNB1


X2


HeNB


eNB


1. X2AP message transfer
(X2 removal request)


3. X2AP message transfer
(X2 removal response)


X2 GW


2. X2AP message transfer
(X2 removal request)


4. X2AP message transfer
(X2 removal response)


5. HeNB initiate removal of the TNL association towards the eNB and all resources associated with that signaling connection are removed by the HeNB and the eNB.  


6. HeNB power off


7. Detect that the SCTP association to the HeNB is unavailable  


8. X2 release


HeNB


eNB


1. X2 removal request


3. X2 removal response


X2 GW


2. X2 removal request


4. X2 removal response


6. HeNB initiate removal of the TNL association towards the eNB and all resources associated with that signaling connection are removed by the HeNB and the eNB.  


5. delete the X2 relation between the HeNB and the eNB


HeNB


eNB


1. X2AP message transfer
(X2 removal request, 
X2 release request indication)


3. X2AP message transfer
(X2 removal response, 
X2 release response indication)


X2 GW


2. X2AP message transfer
(X2 removal request, 
X2 release request indication)


4. X2AP message transfer
(X2 removal response)


6. HeNB initiate removal of the TNL association towards the eNB and all resources associated with that signaling connection are removed by the HeNB and the eNB.  


5. delete the X2 relation between the HeNB and the eNB



_1507704568.vsd
�

�

HeNB1


HeNB2


X2 GW


X2


X2


eNB


X2


HeNB


eNB


1. X2AP message transfer
(X2 removal request)


3. X2AP message transfer
(X2 removal response)


X2 GW


2. X2AP message transfer
(X2 removal request)


4. X2AP message transfer
(X2 removal response)


5. HeNB initiate removal of the TNL association towards the eNB and all resources associated with that signaling connection are removed by the HeNB and the eNB.  


6. HeNB power off


7. Detect that the SCTP association to the HeNB is unavailable  


8. X2 release


HeNB


eNB


1. X2 removal request


3. X2 removal response


X2 GW


2. X2 removal request


4. X2 removal response


6. HeNB initiate removal of the TNL association towards the eNB and all resources associated with that signaling connection are removed by the HeNB and the eNB.  


5. delete the X2 relation between the HeNB and the eNB


HeNB


eNB


1. X2AP message transfer
(X2 removal request, 
X2 release request indication)


3. X2AP message transfer
(X2 removal response, 
X2 release response indication)


X2 GW


2. X2AP message transfer
(X2 removal request, 
X2 release request indication)


4. X2AP message transfer
(X2 removal response)


6. HeNB initiate removal of the TNL association towards the eNB and all resources associated with that signaling connection are removed by the HeNB and the eNB.  


5. delete the X2 relation between the HeNB and the eNB



_1507704611.vsd
�

�

HeNB1


HeNB2


X2 GW


X2


X2


eNB


X2


HeNB


eNB


1. X2AP message transfer
(X2 removal request)


3. X2AP message transfer
(X2 removal response)


X2 GW


2. X2AP message transfer
(X2 removal request)


4. X2AP message transfer
(X2 removal response)


5. HeNB initiate removal of the TNL association towards the eNB and all resources associated with that signaling connection are removed by the HeNB and the eNB.  


6. HeNB power off


7. Detect that the SCTP association to the HeNB is unavailable  


8. X2 release


HeNB


eNB


1. X2 removal request


3. X2 removal response


X2 GW


2. X2 removal request


4. X2 removal response


6. HeNB initiate removal of the TNL association towards the eNB and all resources associated with that signaling connection are removed by the HeNB and the eNB.  


5. delete the X2 relation between the HeNB and the eNB


HeNB


eNB


1. X2AP message transfer
(X2 removal request, 
X2 release request indication)


3. X2AP message transfer
(X2 removal response, 
X2 release response indication)


X2 GW


2. X2AP message transfer
(X2 removal request, 
X2 release request indication)


4. X2AP message transfer
(X2 removal response)


6. HeNB initiate removal of the TNL association towards the eNB and all resources associated with that signaling connection are removed by the HeNB and the eNB.  


5. delete the X2 relation between the HeNB and the eNB



