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TSG GERAN#1 and SMG2#36 approved a set of new Release 2000 Work Items [1] to define possible evolution strategies for the A Interface, including the full support of the Iu-cs Interface for providing Circuit Switched oriented services.

This document reviews possible evolution strategies for the GEARAN-CN Interfaces in line with the current vision for the GERAN System Architecture evolution.

This analysis shows that the support of an enhanced-A Interface based on the 3G Iu-cs Interface would provide significant benefits, with a minor incremental development effort, as soon as the BSS is upgraded to support the Iu-ps interface to deliver Real Time over Packet services.

1. Vision and Road Map of the GERAN System Architecture Evolution:

TSG-SA#8 reviewed and endorsed document SP-000337 [2] presenting a Road Map for the UMTS System Architecture Evolution. The following table proposes a similar Road Map in the scope of the GERAN Network Architecture. Most of the text in this table was extracted from SP-000337 and completed with few GERAN dedicated items.

The Road Map can be divided in 3 major steps (see Table 1):

-
The Short Term Vision corresponding to the existing Release 99 GERAN System Architecture made of a CS-Domain and a PS Domain connected to the Radio Network through the A and Gb Interfaces.

-
The Medium Term Vision based on the former Release 2000, now R4/R5, introducing the IP Multimedia Sub-system to deliver optimized Multimedia services including Real Time over Packet services using an Iu-ps interface between GERAN and the PS Domain. For GERAN, another key driver for the Medium Term Vision is the possibility to converge GSM and UMTS network architectures.

-
The Long Term Vision when the CS Domain is phased out. At this stage, the PS Domain is able to deliver all services previously delivered by the CS Domain and most subscribers have moved over to IP based services.

The following sections focus on the Medium Term Vision and on the options available for the evolution of the GERAN-CN Interfaces.

Table 1: Road Map and Vision for the GERAN System Architecture Evolution

	System Architecture
	Vision
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	Short Term Vision: Release 99:

-
The CS-Domain provides Circuit-Switched oriented services based on nodal MSCs through an A Interface with the GERAN.

-
The PS-Domain provides IP-connectivity between the mobiles and IP-networks, using GPRS through a Gb Interface with the GERAN

Corresponds to the existing GERAN System Architecture for Legacy GSM Networks.
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	Medium Term Vision: Release R4 or R5 (old Release 2000):
Drivers: Convergence with UMTS, Introduction of Optimized IP Multimedia services, Efficient support of Real Time (Voice) Services over Packet possibly not fully compatible with the traditional CS service and the associated supplementary services, Compatibility with GSM R99.

-
The CS-Domain is 100% compatible with the Release 1999 providing Circuit-Switched oriented services based on either:
>Nodal MSCs through an A Interface with the GERAN in an equivalent form to the Release 1999 architecture.
>MSC Servers and Media Gateways as defined in TR 23.821, through an A or an Enhanced-A Interface

-
The PS-Domain provides IP connectivity (GPRS). It is upgraded to support QoS for IP-Multimedia services and an Iu-ps Interface towards the GERAN.
The IP-Multimedia Sub-system is added. In the Medium Term this subsystem provides new IP multimedia services that complement the services provided by the CS-domain, including Real Time services over Packets. These services are not required to be aligned with the CS-Domain in the Medium Term.
The PS-Domain will continue to provide IP-connectivity between the mobiles and IP-networks, using GPRS through a Gb Interface with the GERAN, at least for support of legacy GPRS MS
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	Long Term Vision: Release Rxx?: 
Drivers: Widespread IP Multimedia service usage, large migration of subscribers on IP Multimedia services, maturity of IP Multimedia services.

-
The CS-Domain is phased out

-
The PS-Domain remains. It has enhanced to the point where it can provide all services previously provided by the CS Domain. The support of the Gb Interface could also be phased out.


2. GERAN-CN Interface Evolution

Based on the previous vision, the following options can be envisaged for the evolution of the GERAN-CN Interface after Release 99. Only a subset of all possible alternatives believed to be the most representative, are listed below and in Figure 1
.
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Figure 1: Road Map for GERAN-CN Interfaces Evolution

Option 0: The Interfaces (A and Gb) are kept unchanged (no change compared to the Existing GSM Network in Figure 1). The only limitation envisaged so far would relate to the impossibility to deliver Real Time over Packet services. This option is likely to be the preferred option for some time for a number of legacy GSM networks. It is not further analyzed in the following.

Option 1: For an operator who decides to introduce Real Time Services over Packet, the support of the Iu-ps interface becomes mandatory. This could be implemented at the network level or on a case per case basis depending on the area where Voice over Packet will be most often used. The system should continue to support the Gb interface to provide IP-connectivity for services other than Real Time services, but more importantly for the support of legacy GPRS terminals. While in the process of upgrading his network, an operator will most likely face a situation where SGSNs are connected to some upgraded BSSs through Iu-ps and Gb Interfaces and to other BSSs through conventional Gb Interfaces only. This scenario corresponds to the content of Release 2000 (or R4/R5) as agreed so far.

Option 2: In this option, an operator could select to upgrade not only his PS-Domain interface but also the CS-Domain interface for some selected BSSs. Providing that this option provides a more rationalized GERAN-CN Interfaces configuration, it is likely to be the preferred option for new entrants or new network operators whishing to continue to provide both CS and PS service types. However, it could also be preferable for existing GSM networks, especially when the operator owns a GSM and a UMTS license and would like to maximize the commonalities between the two networks or even be able to control two collocated Radio Access Networks (GERAN and UTRAN) from the same the Core Network.

The key drivers for the introduction of an enhanced-A Interface where discussed during SMG2#36 when the new work item was proposed and approved. They can be summarized as follow:

1.
Added flexibility on the Transport Network Layer with the possibility to better support High Data Rate. For example, the Iu Interface Transport Network Layer is based on ATM and compatible with a large number of Layer 1 alternatives as defined in 3G TS 25.411 (UTRAN Iu Interface Layer). On the other end the only standardized Layer 1 option in the GSM 08.04 (or GSM 48.004) is the G.705 E1 Links at 2.048 Mbits/s or the North American equivalent T1 at 1.544 Mbit/s as defined in the T1.102.

2.
Independence of Radio Network Layer and Transport Network Layer. This is related to the previous item.

3.
Separation of the Control Plane and User Plane and independence from the Domain used to deliver the service (CS or PS). This means that the same system and functional architecture is used whichever domain is used to deliver the service. A typical example of diverging architectures for Real Time services in Option 1 is related to the location of the Transcoders. The TRAU are part of the BSS in a traditional GSM system, but they will be part of the Non Access Stratum (in the Media Gateway), if they are involved at all, when Real Time Services are provided over Packet using an Iu-ps Interface. An operator should have the possibility to rationalize his network architecture and be able to fully benefit from the trunking efficiency resulting from the concentration of all Transcoders at the same location. Note that the same issue exists for an operator having a dual mode GSM/3G network. An Enhanced-A Interface with the same functional split as UMTS would allow regrouping and efficiently managing all Transcoders as shown in the figure below.
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Figure 2: Transcoders Location in dual mode networks

4.
Maximum convergence and commonalities between GERAN and UTRAN Interfaces to optimize dual mode networks (GERAN/UTRAN) and be able to use identical components (MSC/SGSN) to control both Radio Networks.

5.
Complete service synergy between GERAN and UTRAN. To be fully beneficial some new features like Transcoder Free Operation (TrFO) will require to be widely used inside and across networks. Having the possibility to use these features in GERAN is key to their future success.

Another key driver for an Enhanced-A Interface is that it should not have any impact of the MS. The MS should not be aware that the CS services are provided through an A or Enhanced-A Interface.

All these elements are supporting the introduction of an Iu-based Enhanced A Interface, possibility different from the UMTS Iu-cs interface.

3. Protocol Structure Comparison between Interfaces A, Iu-cs and Iu-ps.

Since the support of an Iu-based Enhanced-A Interface would only be relevant for BSS upgraded to support the Iu-ps interface, it is interesting to review the key differences between Iu-ps and Iu-cs on one side and the differences between Iu-cs and A Interface on the other and evaluate the additional complexity involved to introduced this Enhanced-A Interface.

Figures 3 and 4 present the Iu-ps and Iu-cs Protocol Structures. The only differences are related to the introduction of the Transport Network Control Plan and a simplified Transport Network User Plan for the User information (User Plan). Note that the Protocols used on the Radio Network Layer are identical (Control Plan and User Plan). Interestingly also, the SS7-based Transport Network Protocol Structure for the Iur interface is identical to the Transport Network Protocol Structure for the Iu-cs interface as shown in Figure 5.

A simple conclusion from this simple analysis is that supporting Iu-cs and Iu-ps Interfaces is not more demanding than supporting Iu-ps interface only, especially if the GERAN Iur-g’ Interface is derived from the Iur interface.
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Figure 3: Iu –Interface Protocol Structure towards PS Domain (Iu-ps)
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Figure 4: Iu –Interface Protocol Structure towards CS Domain (Iu-cs)
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Figure 5: Iur Interface Protocol Structure

Figure 6 shows the Protocol Structure of the A Interface presented in a similar format as the Iu-cs Protocol structure in Figure 4.
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Figure 6: A Interface Protocol Structure

The key differences between Iu-cs and A are:

-
Introduction of ATM in the Iu-cs

-
use of RANAP instead of BSSAP for the Radio Network Layer

-
New User Plan Protocol Structure and Transcoders located in the Core Network in the Iu-cs

From a functional point of view, Iu-cs and A interface are equivalent with the exception of the Transport Layer and Transcoder location. However, as seen above, it could be beneficial to adopt the same Transcoder location for Real Time services whichever Domain is used to deliver them. This strongly supports relocating the Transcoders in the Core Network for an enhanced-A Interface and adopting the full Iu User Plan Protocol Structure.

Additionally, since the support of the Iu-ps Interface was approved by GERAN, it is now mandatory for any GSM network upgraded to support Real Time services over Packet to support:

-
BSSAP for A influenced Protocols and the support of Legacy R99 and older Terminals and

-
RANAP for the support of R00 Terminals.

Consequently, we could consider the following two options for the Radio Network Layer of the Control Plan for an Iu-based Enhanced-A Interface as shown in Figure 7:

Option 1: Joint support of BSSAP and RANAP

Option 2: Full Iu-cs Interface

The first option is likely to require a minimum development effort and a high level of compatibility with the installed based since the existing CS protocol is used for the Enhanced-A Interface. BSSAP would be used for Legacy R99 Terminals while RANAP could possibly be used for R4/R5 Terminals. With this option, an enhanced-A Interface could replace an A Interface without consequences for the support of Legacy Terminals.

In the second option, the same Radio Network Layer Protocol (RANAP) is used for CS and PS Domain and RANAP will already be introduced in GERAN to support the Iu-ps Interface. On the other hand, a detailed review of RANAP is required to establish what enhancements would be required for GERAN CS domain support and compatibility with Legacy Air Interface Protocols (RR as in 04.18).
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Figure 7: Proposed Iu-based Enhanced-A Interface Protocol Structure

4. Recommendations:

Based on the previous analysis, it is recommended to:

-
Introduce an Enhanced-A Interface in GERAN Release 2000 (or R4/R5)

-
To use to Iu-cs Interface as the basis for the Enhanced-A Interface

-
To support both BSSAP and RANAP on the Enhanced-A Interface. BSSAP would be used for Legacy Terminals while RANAP would be used for new Terminals

-
To include in the GERAN Stage 2 a CS Protocol Structure based on the previous decisions

References:

1.
Work Item Description for GERAN/UTRAN interface evolution, Tdoc GP-000478, TSG-GERAN#1

2.
Vision and Road-Map for UMTS Evolution, Drafting Group during TSG-SA#8. Tdoc SP-000337.

3.
3G TR 23 821 Version 1.0.0: Architecture Principles for Release 2000

4.
3G TR 25.410 Version 3.2.0: UTRAN Iu Interface: General Aspects and Principles

5.
3G TR 25.420 Version 3.1.0: UTRAN Iur Interface General Aspects and Principles

� Note: In the Figure 1, ‘2G-SGSN’ is used to indicate an SGSN providing IP-Connectivity through a Gb interface while ‘3G-SGSN’ is used to indicate an SGSN providing IP-Connectivity through an Iu-ps Interface. Similarly, a 2G MSC provides CS services through an A Interface assuming a 2G functional split, while a 3G-MSC provides CS services assuming a 3G like functional split.
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