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1 Introduction 

It has been agreed, see ‎[1] and ‎[2], that protocol stack for S1 control plane is S1-AP/SCTP/IP and for X2 control plane is X2-AP/SCTP/IP. The indicated protocol stacks were chosen, among other properties, because of redundancy mechanisms provided by the included transport layer protocol, see alternative evaluation in ‎[3]. Further the number of SCTP associations per eNB-MME pair (i.e. S1 interface instance) and eNB-eNB pair (i.e. X2 interface instance) was defined once the S1-C and X2-C addressing schemes where defined. However, transport redundancy and number of SCTP associations per eNB-MME pair (and eNB-eNB pair) have been recently raised in ‎[4]. In the present contribution we recap the transport redundancy solution provided by the selected protocol stack and clarify the number of required SCTP associations.
2 Problem description and proposed solution
One of the requirements on the transport layer protocol for S1 and X2 signalling transport was handling of redundancy without compromising simplicity. SCTP provides the network-level fault tolerance through supporting of multi-homing at either or both ends of SCTP association, see ‎[6]. It should be noted that any SCTP implementation compliant to ‎[6] (or ‎[5]) supports multi-homing in the remote end. Therefore the increased complexity due to introduction of network level redundancy does not burden highly optimised nodes in the access networks, e.g. femto-/pico-eNB-s. 

In order to further improve the availability of signalling bearers during e.g. network/node maintenance, the standard SCTP functionality could be enhanced by dynamic addition/removal of IP addresses to/from SCTP association according to ‎[7].
If the application protocols and/or the corresponding network elements require higher degree of redundancy (than SCTP could provide), the additional redundancy mechanisms are typically provided by the protocols below the application layer. In case of IP based signalling networks this functionality is provided by M3UA/SCTP, see ‎[8], by e.g. multiple Application Server Processes. However, during the evaluation of different protocol stacks, the additional functionality/benefits provided by M3UA/SCTP were outweighed by increase in complexity not suitable for nodes in access network.
Alternatively redundancy could be handled on application layer, as suggested in e.g. ‎[4]. However, such a solution does not necessarily guarantee assured data transmission and in-sequence delivery in case of failure without duplicating transport layer functionality on application layer protocol (S1-AP/X2-AP)
. At the same time SCTP with multi-homing provides assured data transmission and in-sequence delivery even in failure scenarios without impact on the application. 

Considering the selected protocol stack, network redundancy functionality provided by SCTP and the limitations of application layer redundancy, eNB and MME shall be required to support only one SCTP association per eNB-MME pair. Similarly eNB shall be required to support only one SCTP association per eNB-eNB pair.

3 Conclusion and proposal
Based on discussion in chapter ‎2, we hereby propose that:
a) SCTP with multi-homing at either or both ends of SCTP association is the redundancy mechanism used on S1-C and X2-C if network redundancy is required;

b) Therefore single SCTP association is required per eNB-MME pair (i.e. S1 interface instance) and eNB-eNB pair (i.e. X2 interface instance);

c) Dynamic addition/removal of IP addresses to/from SCTP association according to ‎[7] could be used to further improve the availability of signalling bearers during e.g. network/node maintenance.

Detailed text proposal for S1-C ‎[2] and X2-C ‎[9] are available in change requests ‎[10] and ‎[11] respectively.
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� Unless the functionality similar to M3UA is included on the application layer
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