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1 Introduction 
Working assumption was taken on RAN3 #53 that SCTP is used as the transport layer protocol
 for transport of S1-C and X2-C protocol messages.  TR 25.912 defines S1-C and X2-C RNL protocol functionality. In the present contribution we analyse the requirements on addressing on S1-C and X2-C, discuss alternatives considering the working assumption taken in the previous RAN3 meeting and propose the addressing method that fulfils requirements and introduces the least complexity. Addressing needs for transport of S1-C and X2-C messages for both common and dedicated procedures are considered. 
2 Requirements of S1-C and X2-C signalling transport bearers
The following aspects on should be considered while the S1 and X2 signalling transport bearer is defined:

a) Timing characteristics (signalling transport bearer establishment and message transfer delays);

b) SAE/LTE node complexity including practical implementation constraints;

c) Transport efficiency;

d) Security aspects;

e) Dependence on evolution of non-3GPP protocols.
3 S1-C and X2-C addressing options

3.1 SCTP association based addressing
3.1.1 Common messages

At least one (semi-) permanent SCTP association is required for each S1-C and X2-C interface instance for transport of respective common messages. The association is established at interface activation according to ‎[1]. In this case it is sufficient to use the SCTP association identifiers - [(Source IP Address, Source SCTP Port); (Destination IP Address, Destination SCTP Port)] – to identify particular interface instance.
SCTP port numbers allocated for S1-C and X2-C common associations could be defined by the operator via O&M interface in the respective nodes. 
Additionally 2 streams on the association have to be established in order to support bi-directional signalling transport for S1-C and X2-C common procedures.

As separate SCTP associations are used for common and dedicated S1-C/X2-C procedures S1-C/X2-C protocol must indicate if common or dedicated signalling transport bearer is used for the procedure.
3.1.2 Dedicated messages
As discussed in ‎[2], one SCTP association is established for each Ue specific S1-C/X2-C signalling transport bearer. Hence the SCTP association identifies both the S1-C/X2-C interface instance and the Ue. In this case the SCTP ports should be allocated dynamically outside the “well-known” port ranges. Each of those dynamically established associations 2 streams have to be established in order to support bi-directional signalling transport for S1-C and X2-C dedicated procedures.
As separate SCTP associations are used for common and dedicated S1-C/X2-C procedures, S1-C/X2-C protocol must indicate if common or dedicated signalling transport bearer is used for the procedure.

3.1.3 Benefits and drawbacks

The described method for addressing/signalling transport has the following benefits:

1) reuse of TNL identifiers;

2) flow control every signalling transport bearer separately;

3) in-sequence delivery for each signalling transport bearer.
However, the method also has number of drawbacks:

1) high signalling load due to signalling transport bearer handling (4 messages have to be exchanged for each signalling transport bearer while only the last 2 can contain piggybacked S1-C/X2-C messages);
2) even though 64k (minus assignment of well-known ports) ports could be used in theory between each node, practical implementation limitations set significantly different limitations as each such signalling transport bearer requires standalone transmit/receive message buffers and maintenance of associated state machines;

3) opening up large number of ports is generally considered to increase system vulnerability to external attacks;

4) time required to establish an SCTP association contributes (relative to the targets set to LTE\SAE);

5) signalling message intensities on each association are typically so low that the associations can not be efficiently flow/congestion controlled by the mechanisms provided by SCTP and hence leads to lower transport efficiency;
6) chunk bundling can only provide within association, hence the SCTP provided mechanism to increase transport efficiency can not be used.

3.2 SCTP stream based addressing
3.2.1 Common messages

It is sufficient to use one (semi-) permanent SCTP association for each S1-C and X2-C interface instance for transport of respective common and dedicated messages. The association is established at interface activation according to ‎[1]. In this case it is sufficient to use SCTP association identifiers to distinguish the S1-C/X2-C interface instance and 2 (because of bidirectional signalling transport) stream id-s to identify common messages for particular S1-C/X2-C instance. 

SCTP port numbers allocated for S1-C and X2-C associations could be defined by the operator via O&M interface in the respective nodes. Allocation of stream id-s for common procedures may be allocated dynamically, e.g. the first 2 id-s allocated could be reserved for common procedures, and hence do not have to be configured via O&M interface.
As separate set of SCTP streams are used for common and dedicated S1-C/X2-C procedures, S1-C/X2-C protocol must indicate if common or dedicated signalling transport bearer is used for the procedure.

3.2.2 Dedicated messages

Provided that the same SCTP association is used for dedicated procedures on particular S1-C/X2-C instance as for common procedures, no additional SCTP association is needed. Two (because of bidirectional signalling transport) stream id-s are used to identify particular Ue. 
3.2.3 Benefits and drawbacks

The described method for addressing/signalling transport has the following benefits:

1) reuse of TNL identifiers;

2) in-sequence delivery for each signalling transport bearer;
3) no TNL signalling for S1-C/X2-C dedicated signalling transport bearer establishment;

4) the number of open SCTP ports can be kept to the minimum;

5) effective S1-C/X2-C traffic flow/congestion control could be achieved as the flow/congestion control is applied to the aggregate traffic of particular S1-C/X2-C instance;

6) chunk bundling could be used to increase transport efficiency.

However, the method also has some drawbacks:

1) even though 64k uni-directional streams could be used in theory in each node, practical implementation limitations set significantly different limitations as each such signalling transport bearer requires standalone transmit/receive message buffers in order to support (in sequence delivery for each  stream) and maintenance of associated state machines;

3.3 Addressing based on other identifiers in the SCTP header 
3.3.1 Common messages

It is sufficient to use one (semi-) permanent SCTP association for each S1-C and X2-C interface instance for transport of respective common and dedicated messages. The association is established at interface activation according to ‎[1]. In this case it is sufficient to use SCTP association identifiers to distinguish the S1-C/X2-C interface instance. SCTP port numbers allocated for S1-C and X2-C associations could be defined by the operator via O&M interface in the respective nodes.

As discussed in ‎[3], 32 bit Payload Protocol Identifier included in the SCTP header while the usage of it is not standardised by SCTP (‎[1] and associated RFC-s). Hence two options could be considered to distinguish common messages from dedicated messages:

1) two specific stream id-s are allocated for common procedures while PPI is not used at all (set to all zero);

2) specific PPI value is allocated for S1-C/X2-C that is then preferably registered with IANA. 

As separate set of SCTP streams or specific PPI is used for common S1-C/X2-C procedures, S1-C/X2-C protocol must indicate if common or dedicated signalling transport bearer is used for the procedure.

3.3.2 Dedicated messages

It is sufficient to use common (semi-) permanent SCTP association for each S1-C and X2-C interface instance for transport of respective common and dedicated messages. The same set of streams as for common procedures could be used for dedicated procedures provided that specific PPI is used for common procedures. Otherwise two separate streams have to be used for dedicated procedures.
As discussed in ‎[3], 32 bit PPI field in the SCTP header is used to carry the identifier of the particular dedicated signalling transport bearer. The identifier is kept unique per signalling transport bearer and hence is allocated by the node that initiates the establishment of the particular signalling transport bearer. The standardised set of PPI, see ‎[4], shall be excluded from the dynamic allocation of identifiers for signalling transport bearers. 

3.3.3 Benefits and drawbacks

The described method for addressing/signalling transport has the following benefits:

1) reuse of TNL identifiers;

2) in line with practical limitations in regards to the number of transmit/receive buffers and associated state machines in SAE/LTE nodes;
3) no TNL signalling for S1-C/X2-C dedicated signalling transport bearer establishment;

4) the number of open SCTP ports can be kept to the minimum;

5) effective S1-C/X2-C traffic flow/congestion control could be achieved as the flow/congestion control is applied to the aggregate traffic of particular S1-C/X2-C instance;

6) chunk bundling could be used to increase transport efficiency.

However, the method also has some drawbacks:

1) as in sequence delivery is provided per stream, loss of message for some signalling transport bearer could delay delivery of messages to other signalling transport bearers;

2) even if non standardised PPI values are used by dedicate signalling transport bearers, the usable value-range could be impacted by other standards that request allocation of specific PPI value, see ‎[4];
3) the identifiers can not be allocated independently in each node for particular signalling transport bearer.

3.4 Identifiers in the S1-C/X2-C protocol messages
3.4.1 Common messages

It is sufficient to use one (semi-) permanent SCTP association for each S1-C and X2-C interface instance for transport of respective common and dedicated messages. The association is established at interface activation according to ‎[1]. In this case it is sufficient to use SCTP association identifiers to distinguish the S1-C/X2-C interface instance. SCTP port numbers allocated for S1-C and X2-C associations could be defined by the operator via O&M interface in the respective nodes.

Two options could be considered to distinguish common messages from dedicated messages:

1) two specific stream id-s are allocated for common procedures;

2) common set pf streams are used for both common and dedicated procedures while the common messages do not include any identifier. 

In case separate set of SCTP streams is used for common S1-C/X2-C procedures, S1-C/X2-C protocol must indicate if common or dedicated signalling transport bearer is used for the procedure.

3.4.2 Dedicated messages

It is sufficient to use common (semi-) permanent SCTP association for each S1-C and X2-C interface instance for transport of respective common and dedicated messages. The same set of streams as for common procedures could be used for dedicated procedures. Alternatively two separate streams could be used for dedicated procedures.

Dedicated signalling transport bearers are distinguished from each other by inclusion of communication context identifiers in the S1-C/X2-C respective protocol messages. Locally allocated communication context identifiers could be used as follows:

1) on S1-C

a. MME communication context identifier;

b. eNB communication context identifier.

2) On X2-C

a. source-eNB communication context identifier;

b. target-eNB communication context identifier.
3.4.3 Benefits and drawbacks

The described method for addressing/signalling transport has the following benefits:

1) no TNL signalling for S1-C/X2-C dedicated signalling transport bearer establishment;

2) in line with practical limitations in regards to the number of transmit/receive buffers and associated state machines in SAE/LTE nodes;

3) the number of open SCTP ports can be kept to the minimum;

4) effective S1-C/X2-C traffic flow/congestion control could be achieved as the flow/congestion control is applied to the aggregate traffic of particular S1-C/X2-C instance;

5) chunk bundling could be used to increase transport efficiency;
6) S1-C/X2-C is not dependent on the possible future usage SCTP protocol fields by other standards;
7) Independent allocation of signalling transport bearer identifiers in the terminating nodes.

However, the method also has some drawbacks:

1) as in sequence delivery is provided per stream, loss of message for some signalling transport bearer could delay delivery of messages to other signalling transport bearers;

2) additional transport overhead.

4 Conclusion and proposal

Considering the benefits and drawbacks of the four solution analysed above, we find that the usage of the identifiers in the S1-C/X2-C protocol messages provides the least complex addressing method that 

a) is independent of the evolution of other (non-3GPP) standards;

b) considers practical limitations of transport layer protocol implementations;

c) provides good signaling transfer performance; and 

d) has minimum impact on over all procedure execution times.
Therefore we propose the following addressing and signaling transport scheme:

1) use single SCTP association per S1-C/X2-C interface instance;

2) use specific pair of stream identifiers for S1-C/X2-C common procedures on one S1-C/X2-C interface instance;

3) use specific pair of stream identifiers for S1-C/X2-C dedicated procedures on one S1-C/X2-C interface instance;

4) use MME communication context identifier that is assigned by MME for S1-C dedicated procedures to distinguish signaling transport bearers;

5) use eNB communication context identifier that is assigned by eNB for S1-C dedicated procedures to distinguish signaling transport bearers;

6) use source-eNB communication context identifier that is assigned by source-eNB for X2-C dedicated procedures to distinguish signaling transport bearers;

7) use target-eNB communication context identifier that is assigned by target-eNB for X2-C dedicated procedures to distinguish signaling transport bearers.
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