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Introduction

As the industry trend moves from Voice over TDM to Voice over IP, it is clear that the majority of the networks (fixed telephony, enterprise, IMS) are moving towards SIP-based signalling.  The purpose of this document is to fully identify the benefits of providing a SIP-based Nc interface as an alternative protocol to the existing BICC implementation in the Bearer Independent Circuit-Switched Core Network.  
The intent is to agree a Release 7 Work Item to progress the definition of a SIP-based Nc Interface in order to provide enhanced voice quality, provide network interconnect simplification and product commonality between fixed and mobile implementations. 
Description
In 3GPP specifications the Nc interface (MSC-S to MSC-S for call control) is defined in 3GPP TS 23.205 as "any suitable call control protocol (e.g. BICC)".  The specifications only define a BICC implementation in 3GPP TS 29.205, but it is clear that other suitable call control protocols are acceptable.  Figure 1 shows the current 3GPP BICC-based circuit-switched network interworking with an ISUP-based PSTN.
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Whilst BICC performs the functions required of the Nc interface perfectly well, it is clear that the majority of the industry (fixed telephony, enterprise, IMS) is moving towards SIP.  Figure 2, shows the interworking scenario between a 3GPP BICC-based circuit-switched network and a SIP-I based PSTN replacement.  
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As highlighted in the figure, the interworking interface between the GMSC-S and the PSTN replacement is not defined.  Additionally there is currently no specification defined for BICC to SIP-I interworking within the 3GPP BICN, although this is clearly a valid interworking scenario.  There are two approaches that may be considered to resolve this:-
Approach 1:  Define an interworking function for BICC to SIP-I.  
An interworking function to perform BICC to SIP-I conversion could be defined.  The question with this approach is which network owns the interworking function, the operator of the PSTN Replacement or the operator of the 3GPP BICN?  Whoever takes ownership, this approach leads to additional CAPEX in order to purchase the interworking function and additional OPEX in order to operate it.
The conversion from BICC to SIP-I is quite intensive and includes an intermediate step to revert back to ISUP signalling.  In fact it is more a BICC to ISUP to SIP-I conversion, and vice-versa.

Furthermore, the problems with a heavyweight interworking function become more apparent when considering the use of a SIP-I Based transit network as shown in Figure 3. 
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At each hop between a 3GPP BICC-based core network and a SIP-I based transit network, an interworking function is required.  The interworking function would be used to de-encapsulate the ISUP signalling within the BICC messages and encapsulate these into a SIP-I messages, and vice versa.  This process adds latency to the overall call setup and has implications on the quality of the voice path and the functionality that can be used between mobile operators.    It also means that there is no ability for OoBTC to be supported end-to-end for mobile to mobile calls that traverse a transit network.
This issue is compounded if we consider indirect interworking with multiple network hops and conversions between BICC-ISUP-SIP.

Advantages:
· Little change to core network.  Interworking can take place at edge of core network.

Disadvantages:

· Requires a node for BICC to ISUP to SIP-I conversion (heavyweight interworking)

· Ownership of interworking node is unclear (fixed line operator, mobile operator)

· Increase of OPEX and CAPEX for operator that takes ownership of node.
· Mobile operators create "BICC Islands" that need to be interworked to SIP-I for interconnection, implications on voice quality and functionality between mobile operators.

Approach 2:  Simplify the technical interconnect with SIP-I on Nc Interface.  
This approach proposes to add SIP-I as an alternative interface to BICC on the Nc interface.  This removes the need for a heavyweight interworking function and thus reduces the CAPEX and OPEX as opposed to approach 1.  There may still be a lightweight interworking function to cater for differences in wireless and wireline requirements, but this is viewed as being minimal.
Note that the use of SIP-I on Nc is not restricted according to 23.205, but the definition of SIP-I on Nc should be standardised to promote interoperability.  The standardisation of SIP-I on the Nc interface should provide all of the functional capability that is currently provided by the standardised BICC implementation.
Standardisation of SIP-I on the Nc interface eases interworking issues for IP Interconnect and provides commonality of product implementation between wireless and wireline.  See Figure 4.
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Furthermore, this would also mean that a SIP-I based transit network could be used to interconnect two mobile operators with a consistent call control protocol.  Quality of the voice path and functionality that can be used between mobile operators is improved.  See Figure 5.
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SIP Selection:

SIP-I (or SIP profile C) is the SIP profile defined by ITU for telephonic services and is included in Q.1912.5, which is based on IETF defined SIP and SDP. Since SIP does not have the extensive headers that are used in BICC/ISUP, Q.1912.5 specifies the encapsulation/de-encapsulation of certain messages in the SIP body.  SIP-I has been chosen to be used since this is the profile used by the fixed line industry to control their soft switch architecture.  Using SIP-I in mobile will facilitate IP-based interconnection without the need for interworking functions.
Other Considerations:

Preliminary analysis of SIP-I versus BICC pointed out that the existing SIP-I specifications do not define how to perform end-to-end codec negotiation, modification, re-negotiation for multirate codecs. As a result, all 3GPP features that may involve out-of-band codec negotiation on the Nc interface, such as OoBTC/TrFO (3GPP TS 23.153) and SCUDIF (3GPP TS 23.172), at the moment are not supported by SIP-I.  However there are currently IETF drafts that address the requirements of codec negotiation, modification and re-negotiation.  The intention is to adopt the work produced by IETF in order to provide the same level of functional capability that is currently provided by BICC.   This would also make the support of OoBTC much easier for a transit provider to implement since it would simply pass transparently through the SIP-interface.
Advantages:
· No heavyweight interworking function required.  Reduction in OPEX and CAPEX compared to approach 1.

· Commonality of products between wireless and wireline.

· Ease interworking issues for IP Interconnect.  Convergence of SIP-I signalling in industry.
· Standardised 3GPP SIP-I for interoperability.  Protocol is currently allowed but not defined.

· Improvement in voice quality and functionality between mobile operators.

Disadvantages:

· Requires operator vendors to support SIP-I on MSC-S (change within Core Network).
· No defined support of added BICC functionality (end-to-end codec negotiation, modification, re-negotiation).  Requires adoption of ongoing work in IETF.

Proposal
Through the description of the two approaches above that has outlined the advantages/disadvantages, the proposal is to standardise the use of SIP-I on the Nc Interface.  A new Release 7 Work Item C4-060582 is proposed for Approval by 3GPP CT4 and a new draft TS C4-060583 is proposed to be used as a basis for further work.
Figure 2.  3GPP BICC Interworking with SIP-I based PSTN Replacement
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Figure 1.  3GPP BICC Interworking with ISUP-based PSTN
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Figure 4.  3GPP SIP-I Interworking with SIP-I based PSTN Replacement
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Figure 5.  3GPP SIP-I to 3GPP SIP-I via SIP-I Transit Network
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Figure 3.  3GPP BICC to 3GPP BICC via SIP-I Transit Network
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PSTN Replacement – IP based SIP-I Signalling
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