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1 Introduction

This contribution proposes an SCCP/IP based protocol stack for the lower layers of control plane on the Iu interface.  SCCP/IP architecture is hybrid architecture based on best aspects of the two different proposals seen previously: the SCCP/MTP architecture (see Tdoc 98S1042 and the TCP/IP architecture see Tdoc 98S963).  The upper layers transported by the signalling transport are not discussed in this contribution.

All three proposals have been compared in terms of their strengths and weakness and this is summarised in section 2.  Some of the key requirements for the signalling transport bearer are also discussed in section 3.   It is proposed that the network entity addressing be based on IP Version 6 addressing which uses 128 bits for addressing.  It is also proposed that the IP v6 layer be used as a common transport layer for the control plane.

A description of the SCCP/IP based is given in section 4.  Section 5 discuses the impact of Handover to GSM from UMTS and vice versa on the signalling transport connections for the different architectures.

2 Comparison of the proposals
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FIGURE 1 – SCCP/MTP AND TCP/IP SIGNALLING TRANSPORT ARCHITECTURES
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FIGURE 2 - ALTERNATIVE SCCP/IP SIGNALLING TRANSPORT ARCHITECTURE
The proposed signalling transport architectures have been reviewed in terms of their strengths and weaknesses

2.1 SCCP over ATM based architecture 

· Advantages

· Robust  protocol

· Both Connection oriented and Connection less SCCP capability provided

· Simpler interworking with GSM 

· Disadvantages

· Very restrictive and inflexible  MTP (point code) based addressing

· MTP Point Code lengths different in USA and Europe

· SSCOP in SAAL not widely deployed

2.2 TCP/IP over ATM based architecture

· Advantages

· IP address enables flexible node addressing 

· IP address formats same in world-wide 

· Synergy with ongoing developments in the Packet Switched domain

· Disadvantages

· Interworking with GSM more challenging

· IP(v4) public address space almost exhausted

· Less experience of robust signalling systems based on IP

2.3 SCCP over IP based architecture 

· Advantages

· Robust  protocol

· Both Connection oriented and Connection less SCCP capability provided

· Simpler interworking with GSM 

· IP address enables flexible node addressing 

· IP address formats same in world-wide 

· Synergy with ongoing developments in the Packet Switched domain

· Disadvantages

· Adaptation layer between SCCP and IP v6 needs to be developed.

3 Signalling Transport Bearer Requirements

3.1 Addressing

The addressing scheme used in the signalling transport layer needs to be chosen with great care as this has a major impact on the flexibility of the overall signalling transport architecture.   UMTS will need to support powerful addressing capabilities within and between the Radio Access Network and the Core Network.   Ideally a common addressing scheme should be used to simplify the operation and management of UMTS networks compared to current GSM networks.  UMTS networks could contain several hundreds of network entities (Node Bs, RNCs, 3G MSCs, 3G SGSNs etc) and the means to allocate network addresses need to be simplified.  Experience gained in this area in operating other large IT networks e.g. Intranets, LANs etc to automate the allocation of network entity addresses could be beneficial to UMTS.

SCCP has the Global Title Translation capability to provide powerful network address translation functions, for example E.212/E.214 based at Location Update time and E.164 based at SMS handling time for  Mobile Number Portability.  IP also has powerful network translation functions based on the Domain Name System (DNS) translation capability, for example routing GPRS transactions.  It is important that the signalling transport bearer is able to support both these capabilities.

3.2 Flexibility

UMTS introduces many new features e.g. direct RNC to RNC communication, which require sophisticated and flexible addressing.  Addressing of signalling messages to various network nodes for example for handover will place challenging requirements on addressing.

Also new concepts of connecting BSCs to several MSC/VLRs are being considered in SMG12 e.g. the “turbo charger” concept (see 98S1007) which may require flexible routing of signalling messages based on e.g. TMSI.

It is therefore important that the signalling transport layer supports a flexible addressing capability.  

3.3 Common Approach for the Signalling Transport Layer

Signalling messages from the UE to the core network traverse several sub-systems before reaching the intended destination.  To transfer User information e.g. USSD, the current second-generation systems use various signalling transport layers e.g. between BTS-BSC, BSC-MSC/VLR, MSC/VLR-HLR, HLR-gsmSCF etc.  Limitations on one interface has impact to the whole system e.g. message length/segmentation limitations.

It is therefore important that a common signalling transport layer is used as far as possible within UMTS.  This should have sufficient capability to transport signalling messages with a variety of requirements e.g. message length, transfer delay etc.

Signalling services in the Core network e.g. between the SGSN and the HLR are used extensively to support GSM/GPRS mobility services, for example Location Update and Insert Subscriber Data procedures.  Current message length limitations in the Message Transfer Part (MTP) layer of 272 octets used in the signalling transport are imposing limitation and restrictions on the design of the GSM services.  These limitations could be removed in UMTS by the adoption of a better signalling transport layer within the whole system.  One possible way could be to also use the SCCP/IP architecture in the core network as shown in figure 3.
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FIGURE 3 – A potential core network control plane based on SCCP/IP transport architecture
3.4 Address Format

In the current generation systems significant differences exist which can lead to interworking difficulties.  For example, the Message Transfer Part (MTP) signalling protocol uses Point Code addressing and these are of different in different world regions.  Also Internet Protocol version 4 and version 6 have different length addresses, see Table 1 for details.

MTP-3B

SIGNALLING POINT CODE (OPC/DPC)

Q. 2140/Q704
MTP-3B

SIGNALLING POINT CODE (OPC/DPC)

ANSI T1.11
IP (v4)
IP (v6)

RFC 1883






14 bit
24 bit
32 bit
128 bit






TABLE 1 ADDRESS LENGTH COMPARISON

It is important that a common address field is used in UMTS to avoid problems common in second-generation systems.

It is proposed that 128 bit IP version 6 addresses be used to address individual network entities.

4 Lower Layer Protocols based on SCCP/IP for the Control Plane on the Iu interface

Figure 2 shows the proposed protocol stack for the lower layer protocols based on the SCCP/IP for the Control Plane on the Iu interface.

A brief description of each layer of the stack is given in the following sub sections.

4.1 Radio Access Network APPLICATION Part (RANAP)

This is the “application” making use of the signalling transport bearer.   This will support UMTS equivalent functions and procedures of GSM/GPRS i.e. BSSMAP, DTAP etc.

4.2 SCCP layer

This layer will support both SCCP Connection Oriented and Connection Less SCCP protocol used in GSM over the GSM A Interface.  This should be based on the latest the latest version used in GSM A interface e.g. ITU-T White Book SCCP.

SCCP Connection Oriented provides the capability to set up a supervised signalling session between the Radio Access Network and the Core Network, as currently used in GSM for BSSMAP, DTAP etc. signalling transactions.

SCCP Connectionless will provided connectionless service support as currently used in GSM e.g. for BSSMAP Paging procedures etc.

4.3 SCCP Adaptation Layer

This is a new functional capability to be developed for UMTS. It is recognised that the SCCP adaptation layer will need to be studied further.

The layer provides adaptation of the SCCP layer with the IP layer.  The SCCP adaptation layer is required to allow the re-use of the existing SCCP and IP protocols with minimum of changes.

Conventionally, the SCCP layer makes use of the services provided by the MTP layer. It is proposed that the MTP and lower layers functionality is provided instead by IP (version 6).

4.4 IP Layer

This layer is the Internet Protocol version 6 (IP v6).  This layer forms the core signalling transport layer.  This use of IP version 6 provides important benefits:

· Flexible addressing capability (128 bit address for IP v6)

· Long message length (alleviates the need for message segmentation/reassembly problems common in current MTP layer).  Consequently, better support can be provided for end user applications e.g. USSD, User to User Signalling services etc.

· Common IP protocol for Signalling and User Traffic (GPRS etc)

· Simplified network management for allocation of address to signalling nodes.

· Etc.

IP is a connectionless protocol. Connection oriented signalling services become possible when used in conjunction with SCCP Connection Oriented.

IP layer does not provided error correction / recovery capability.   When these service are required, these should be provided the lower layer supporting IP as the performance/throughput of these services is strongly linked to the transmission quality of the underlying link.

4.5 Service Specific  Connection Oriented Protocol (SS COP) Layer

If the transmission link is error free, the services of this layer are not needed.   

Assuming that ATM will be used as the transport bearer between the RNC and the Core Network and that transmission errors could occur on this link, error detection and correction services may need to be provided.   This services should be provided by a suitable link layer protocol.   

The Service Specific Connection Oriented Protocol (SS COP) could be a suitable candidate to provide this capability in an efficient way.

4.6 ATM Adaptation Layer

The ATM adaptation layer is the standard adaptation layer  specified between the SS COP layer and the underlying ATM layer.

4.7 ATM Layer

The ATM layer is the actual transmission bearer providing services to the upper protocol layers.

5 GSM – UMTS  INTERWORKING

The UMTS service requirements include the capability to Handover from UMTS to GSM and vice versa.  

The impact on the signalling transport bearer to support this capability is considered for the UMTS system using the proposed SCCP/IP architecture and the previously proposed TCP/IP architecture. Note that the SCCP/MTP  architecture is not discussed here as the interworking can be inferred from the above cases.   It is shown that the interworking for the control plane is simpler with the SCCP/IP based approach and the benefits of SCCP connected oriented are maintained through the use of SCCP relay.

5.1 SCCP/IP based protocol stack interworking

A possible interworking scenario is shown below in figure 4 below.  This is only an example where the UTRAN is connected to a GSM MSC via an interworking function.  Note that an almost similar scenario of both GSM BSS and UTRAN connected to the UMTS core network via an interworking function could be considered, but is not shown here.

FIGURE 4 UMTS – GSM Control Plane Interworking based on SCCP/IP Architecture
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The interworking of  “application layer – RANAP/BSSMAP” is an important subject in its own right, but is not considered in this paper as it not relevant for the purposes of the signalling transport bearer.  Only an example application layer is shown to help understanding of its relation to the lower layers.

The SCCP layer message are relayed TRANSPARENTLY through the interworking function and not considered further in any detail for the purpose of signalling transport bearer.  This is one of the key aspects of the proposal as it allows important network operation and management features in SCCP to continue to operate directly between the peer SCCP entities in different networks.  For example the sending of connection status supervision messages on Tiar/Tias SCCP timer expiry as part of the inactivity procedures.

The IP v6 layer on the UMTS Iu I/F side is TERMINATED in the interworking function. The MTP layer on the GSM A I/F side is TERMINATED in the interworking function.   Interworking is provided in the IWF which has to simply map the 128 bit IP v6 address into a 14 [24 in USA] bit MTP point code address and vice versa.  Thus the IWF has both an 128-bit IP address and a 14/24 bit MPT point code address for the purposes of interworking.  Two such addresses are needed  - one for the Originating Point Code (OPC) and one for Destination Point Code (DPC). Note that if IP v4 were used, then the IWF  has to instead simply map the 32 bit IP address into a 14 [24 in USA] bit MTP point code address and vice versa.

All other lower layers are TERMINATED in the interworking function.  No interworking is required for these lower layers.

5.2 TCP/IP based protocol stack interworking
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FIGURE 5 UMTS – GSM Control Plane Interworking based on TCP/IP Architecture
The interworking of  “application layer – RANAP/BSSMAP” is an important subject in its own right, but is not considered in this paper as it not relevant for the purposes of the signalling transport bearer.  Only an example application layer is shown to help understanding of its relation to the lower layers.

The TCP layer on the UMTS Iu I/F side is TERMINATED in the interworking function. The SCCP layer on the GSM A I/F side is TERMINATED in the interworking function.   Interworking is provided in the IWF.  This can be complex as two network layer protocols have to interwork as one single overall network protocol.  Some of the functionality may be lost in the process of interworking e.g. those features that rely on direct peer to peer communication for example network operation and management features in SCCP as part of the inactivity test procedures.

The IP layer on the UMTS Iu I/F side is TERMINATED in the interworking function. The MTP layer on the GSM A I/F side is TERMINATED in the interworking function. 

All other lower layers are TERMINATED in the interworking function.  No interworking is required for these lower layers.

6 CONCLUSION

An hybrid SCCP/IP signalling architecture based on best aspects of the SCCP/MTP and TCP/IP is proposed.  The feasibility of this approach has been discussed particularly with respect to interworking between the GSM and UMTS systems.  It should be noted that irrelevant of the solution chosen for the signalling architecture it must be clear how the GSM<->UMTS interworking is to be achieved.

The use of IP version 6 as the basic transport layer has many advantages related to flexibility of the architecture in terms of addressing capability as well as providing further evolution of the system to the IP domain.

It is proposed that the following working assumptions are adopted for the lower layers of the Control Plane on the Iu interface based on:

· The SCCP/IP protocol stack as shown in figure 2 above.

· IP version 6 transport using 128 bit addressing

It is proposed that:

· The text of section 4, along with (re-titled) Figure 2 is inserted into ETR 23.20 as the working assumption for the Iu interface control plane (working assumptions chapter).

· The GSM-UMTS Iu-A interface interworking  is included within 23.20 (Sub-Section 11?)

· The initial text of Section 5 and the text of Section 5.1 (and Figure 4) is included within 23.20 to illustrate how the signalling interworking is achieved between the UTRAN and the A interface.
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