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1. Introduction

GSM Release 1999 (R99) offers a wide range of services using two distinct core network architectures. The existing services provided by GSM R99 include a) the support for speech services and real-time and non real-time data via circuit switched core network and b) support for data services using GPRS and EGPRS. 

This document presents Nokia view on GERAN architecture evolution.

2. Motivation

There are several observations that motivate further evolution of R99 networks:

· IP Service Support - a need to support new IP based services, including real-time services over GSM/EDGE RAN (GERAN) in particular IP telephony, as well as enhance the performance of wireless data access; 

· Operator role is changing from traditional telephony provider to an operator which is service oriented requiring a rapid service creation environment. Further, future operators will benefit from a platform that provides service independence from access technology;

· Network Convergence - a need for one common core network that would support different radio access technologies like GSM/EDGE and WCDMA;

· New emerging services like WAP, multimedia streaming, interactive online games, etc., will generate traffic patterns that will challenge existing architecture, especially in coping with true multiservice environment. 

An increasing demand for carrying packet, IP based data traffic and the foreseen demand for IP telephony and multimedia service suggest that the evolution towards one common network will follow the IP path leading to an All-IP network. The All-IP network is expected to provide saving for the operator, especially in the network operation and maintenance, as well as a platform for introduction of new services for different access networks.

3. GERAN ArchiTecture principles and services

GERAN architecture for R2000 should comply with the following main principles:

· Backwards compatibility with the services offered by R99 standard;

· Provide services with increased (or at least same) quality compared to R99 networks; 

· Flexibility for providing new, revolutionary services, while ensuring smooth network evolution and service continuity;

· Design of GERAN architecture should support the functionality split between RAN and CN in such a way that would enable access independent principle for providing services;

· Efficient support for range of new services including real-time IP based services, such as IP Telephony;

· Design of GERAN architecture should provide scalability to support various operator scenarios; In addition design of GERAN should support a true multivendor environment;

· GERAN R2000 should comply with the principle of separation of the radio related and radio un-related functionalties between the R2000 core network and the radio access network. In addition GERAN R2000 should support separation of the user plane and control plane protocol stacks in the radio access networks. An effort should be put towards alignment of GERAN with UTRAN architecture;

· Support for same radio access bearers, QoS mechanisms, as in UTRAN.

4. Proposed Architecture for GERAN R2000

The following Figure 1 illustrates the architecture for GERAN R2000. 
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Figure 1. GERAN Architecture for R2000

4.1 Interfaces

4.1.1 A/Iu-cs

The interface towards the circuit switched domain should be maintained for the following reasons:

- Support for existing CS terminals;

- Support for potential enhanced CS based services.

GSM BSS utilizes the A interface, however the Iu-cs interface could be considered for GSM/EDGE RAN as well.

One potential enhancement is support for WB AMR, as well as speech over 8-PSK modulated channels. It is believed that the gain from speech over E-TCHs (8-PSK modulated traffic channels) is manyfold and could lead to:

· High quality speech service using wideband speech codec 

· Possible increase on the overall system capacity

· Possibility to use Half Rate channels with FR speech, as well as Quarter Rate channels

· Enable fast power control for speech services

· Allow seamless GSM-UMTS interworking, at least for speech services 

4.1.2 Gb

Gb-interface is used today in GSM/GPRS networks. The interface as specified today does not fulfill the basic principles that are necessary for network convergence. However, to comply with backward compatibility requirement, the Gb interface should continue to be supported by GERAN. Gb interface is not designed to support real-time services in a large scale. Further evolution of Gb towards real-time requirements, parallel to Iu-ps is not desirable, since this would lead to diverging rather than converging standards.

One possible enhancement for Gb in R2000 could be support for IP transport, in addition to Frame Relay. The solution should have no impact on the functionality split between SGSN and BSC.

4.1.3 Iu-ps

Iu based interface should be the choice for fulfilling most of the requirements and principles for GERAN R2000. Iu, as currently agreed by 3GPP, already complies with the principle of a clear separation between the access network and the core network. This principle allows the Iu to act as a reference point between core network and different types of radio access networks, minimizes the effect of different radio technologies to core network and allows radio interface independent development of the core network. 

In addition Iu supports IP, both in u-plane and c-plane, which can provide end-to-end routing and addressing between network nodes using IP principle and supports real-time capabilities. Additional enhancements to Iu-ps are expected, especially in terms of evolved procedures for real-time IP services, 

Transport in Iu-ps interface should be based on IP and should provide QoS guaranties. Layer 2 and 1 technology in R99 of Iu-ps is based on AAL/ATM technology that provides QoS guaranties. However, for R2000 additional L2/L1 technologies should be specified. This is important for standardizing Iu-ps as an efficient multivendor interface. Possible L2/L1 technologies to be specified in the standards could include Ethernet, IP over SDH, etc. 

4.1.4 Iur

In UTRAN, Iur is used for support for soft handover. In GERAN, this interface may not be needed, although its feasibility should be assessed, especially benefits that could be achieved with increase in handover performance and other inter GERAN traffic (e.g. radio interface timing information for LCS).  

4.1.5 Abis2000

Standardization of Abis interface for R2000 should allow for a flexible functional split, especially with respect to the location of PDCP, RLC and MAC functionalities. To cope with the multiservice traffic it is desirable to support IP transmission on Abis interface. This will provide cost effective transmission option for operators. However, it is very important to ensure that strict QoS requirements are fulfilled.

4.2 Functionality split between 3G Core Network and GERAN

The functional split between 3G core network of R2000 and GSM/EDGE radio access network should follow the UMTS functional split between core network and UTRAN. For GSM/EDGE RAN this means that a part of SGSN functionalities should be moved to RAN. The following is a list of the functions that are needed in GERAN:

· Handover support for real-time IP services is needed in RAN. 

· Ciphering is needed in GERAN, (E)GPRS performs ciphering in SGSN.

· Header adaptation is a new functionality that should be supported by RAN. The header compression in (E)GPRS is done in SGSN.

· Radio resource handling in RAN

· Support for Iu bearer service, Iu link and U-plane management is needed in GERAN.

· Support for same radio access bearers as in UMTS.

· Support for enhanced QoS mechanism in RAN.

· Serving Mobile Location Center (SMLC) functionality needed to support Location Services (LCS) is in RAN (proposed Location Services architecture in GERAN is elaborated in tdoc 2G00-011).

· Location Management

5. Interoperability with other systems

The operational environment for GERAN will certainly require support for  inter system service continuity. This may result into interoperation between different radio access systems. The radio access system interoperation must be also supported within a single 3G core network, if more than one radio access type is provided (e.g., both UTRAN and GERAN). Thus, the GERAN must support functions that would allow efficient interoperation between UTRAN, GSM and IS-136 radio access systems. Most important issues that need to be solved in order to efficiently proceed with standardization are the handover scenarios. More detailed elaboration on the handover scenarios is presented in tdoc 2G00-010.

6. Standardization of GERAN R2000

A lot of the discussion has been going on during past SMG2 meetings on GERAN issues. Last SMG2 meeting agreed on the timeplan that includes main goals for GERAN R2000:

· IP Multimedia (real-time end-to-end IP)

· Alignment with UMTS/UTRAN architecture, bearer services and QoS handling

· Spectrum efficiency and performance improvements (multiplexing scenario 1-2 as described in the system concept document)

· Specification flexibility for future enhancements

The progress has been slow so far, and one of the main obstacles has been lack of agreement on the architecture for GERAN R2000. Therefore, it is crucial to have an agreement on the architecture as soon as possible in order to proceed with the standardization and meet already demanding R2000 time schedule.

7. Conclusion

GERAN architecture for R2000 as presented in this document provides a full backward compatibility, while allowing support for new IP based real-time services. Additional interface based on the Iu-ps R99 evolution is proposed. Iu-ps interface is already used to connect UTRAN to a 3G core network, and it should be used in GERAN, too. This is seen as a step towards network convergence. In addition, IP based transport is proposed for all relevant interfaces for GERAN. 

Timely agreement on architecture together with a reasonable set of features to be standardized will ensure that GERAN R2000 will be completed within the target schedule.

