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1. Introduction

It has been agreed that SCTP [1] shall be supported as the transport layer of X2 signalling bearer. However it still remains an open issue whether more than one SCTP association may be used between one eNB pair, although the current agreements are [2].

· “there shall be only one SCTP association established between one eNB pair” and 
· “an arbitrary eNB shall be able to initiate the INIT procedure towards another eNB for establishing the SCTP association” 

a) 
b) 
These decisions require, in order to avoid potential interworking problems, a mechanism to be defined that detects when multiple SCTP associations are established and to take appropriate actions.   
2. Detection of Multiple SCTP Associations
3. The challenge is how to detect and prevent the duplication of the SCTP association over X2 interface between two eNBs. Although the SCTP layer holds information about the IP address/addresses and the SCTP port numbers, this information is not sufficient to determine the identity of a corresponding eNB. Thus SCTP doesn’t detect or prevent the establishment of multiple SCTP associations between two nodes. The detection of multiple SCTP associations needs to be handling by an application level mechanism such as the exchange of node identities that will enable an eNB to correlate an SCTP association to a corresponding eNB.


Solution:
The already agreed X2 setup procedure exchanges application level data needed for two eNBs to interoperate correctly over the X2 interface [3].  It would appear that the X2 SETUP REQUEST is the most appropriate message to be used in order to detect or prevent the SCTP association duplication.

As illustrated in Figure 1, X2 SETUP REQUEST is the first message that triggers the establishment of an SCTP association between a pair of eNBs. Upon the receipt of the message, target eNB is able to check the source eNB IDs and the information of the correlated SCTP association. If there is no other existing SCTP association between these eNBs, a X2 SETUP RESPONSE message will be sent back to source eNB (see case ①). Thus the X2 connection including the correlated SCTP association is setup successfully.
If an existing SCTP association is detected, target eNB should send out X2 SETUP FAILURE message with the cause “Existing TNL Association” (see case ②). 
In addition, the source eNB should, on receipt of the X2 SETUP FAILURE message initiate the SCTP Shutdown procedure to remove the duplicated SCTP association between these two nodes.
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Figure 1 –SCTP Association Setup & X2 Setup















4. Handling simultaneous X2 SETUP Requests
4.1. One SCTP association between eNBs 
The X2 interface between eNBs can be established dynamically, and an arbitrary eNB may initiate X2 Setup procedure towards another eNB in a dynamic manner.  Figure 2 shows the case where two eNBs happen to initiate the X2 Setup procedure at the same time resulting in 2 SCTP associations between the two eNBs.  Interworking problems may occur unless eNB behaviour is clearly specified for handling this case. 
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Figure 2 – Duplication case ( alternative 1)

Solutions:
Alterative 1:

In this case, the X2 SETUP FAILURE message will be sent with a cause “Duplicate TNL Association”. Upon the receipt of the message, an eNBs will wait a random amount of time before resending the X2 SETUP REQUEST. Random back-off times will reduce the potential for message collision from recurring.

Pros: Simple proven mechanism. 

Cons: Time for X2 connection establishment in this case is increased. 

Alternative 2:

In this case there is an ‘understanding’ between the eB on which association should be accepted and which should be rejected. Upon receipt of X2 SETUP REQUEST, an eNB could compare its own Global Node ID with the correspondent eNB’s Global Node ID. The SCTP association initiated by the eNB with the highest Global Node ID could be selected and the other SCTP association would be rejected with a cause “Existing TNL Association”. 

Pros: A more efficient solution since no retry procedure is necessary.

5. Cons: Closer coupling between eNB behaviour, may require additional mechanisms if multiple SCTP associations are allowed. 





















1) 
2) 
6. Conclusions
1. 
The following additions are proposed to the X2-AP (36.423).  Firstly, to support detection of duplicate SCTP associations:
· On receipt of the X2 SETUP REQUEST, if the candidate eNB detects an existing TNL association, it shall send out X2 SETUP FAILURE message with the cause “Existing TNL Association”. 

· If the X2 SETUP FAILURE message includes a cause value of “Existing TNL Association”, the eNB shall release the corresponding TNL association.

In the case of alternative 1 in section 3.2 above it is proposed to add the following text to 36.423:
· If an eNB receives an X2 SETUP REQUEST from a candidate eNB while waiting for an X2 SETUP RESPONSE  from the same candidate eNB it shall reject the setup request by sending an X2 SETUP FAILURE with a cause value of “Duplicate TNL Association”.

· On receipt of the X2 SETUP FAILURE message with a cause value of “Duplicate TNL Association”, the eNB shall wait for a random time before resending the X2 SETUP REQUEST.

In the case of alternative 2 in section 3.2 above it is proposed to add the following text to 36.423:

· If an eNB receives an X2 SETUP REQUEST while waiting for an X2 SETUP RESPONSE it shall: 

· If the correspondent eNB has an identity of lower value then it shall reject the setup request by sending an X2 SETUP FAILURE with a cause value of “Existing TNL Association” to the initiating eNB.
· If the correspondent eNodeB has an identity of higher value then it shall accept the setup request by sending an X2 SETUP RESPONSE to the initiating eNodeB.
· 




1) 
2) 
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ADDITIONAL X2 SETUP RESPONSE
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