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1 Overview: evolution of GSM/UMTS packet data services

The original GPRS and EDGE specifications work, appearing initially in releases R97 and R99 respectively, added a best efforts user packet data service to the pre-existing GSM voice service.  Since GSM provided no notion of user packet data service at its inception, the original GPRS and EDGE offerings of R97/99 were designed to operate within an architectural environment optimised to the provision of voice service, which severely restricted the capabilities and extensibility of these services.  These restrictions were felt to be a reasonable compromise that allowed the introduction of a new service while reducing impact on the existing architecture and/or GSM legacy services.

The following diagram shows a simplified view, less signalling plane connections, of the fundamental GPRS/EDGE data plane system architecture as per Release 97/99.  The original domain was the Circuit Switched (CS) domain, over which GSM voice traffic is routed between the radio subsystem, represented by the Base Station Controller (BSC) and Base Transceiver Stations (BTS), and the Public Switched Telephone Network (PSTN) via the A interface to the Mobile Switching Centre (MSC). 
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The introduction of GPRS/EDGE created the Packet Switched (PS) domain, over which best effort user packet data are routed between the radio subsystem and the packet switched network via the Gb interface, [1,2].  The Protocol Control Unit (PCU) is a “convergence” component of sorts, and contains the Radio Link Controller (RLC) and Medium Access Control (MAC) layers, which reside logically just above the GSM physical layer.

With very few exceptions, e.g. some coordination of paging and Class A Dual Transfer Mode (DTM) [1,3,5], there is as little coordination as possible between the CS and PS domains.  In addition, the original R97/99 specifications do not support multiple packet data flows, real time data transfer and PS domain “true handover” between cells and/or network domains.

The next step in the evolution of wireless packet data for GSM was the introduction of the 3rd Generation (3G) Universal Mobile Telecommunication Service (UMTS), which was based on a GSM core network, but incorporated the concept of coexisting and coordinated PS and CS domain operation and advanced user packet data service for the support of multimedia applications within the concept of the Universal Terrestrial Radio Access Network (UTRA).  Therefore, from an application service point of view, the primary differences between R97/99 GPRS/EDGE and UMTS packet data service is the ability for UMTS to support real time Internet Protocol (IP) multimedia applications. 

The final step in the evolution of the current GSM/3G packet data service is the creation of the GPRS/EDGE Radio Access Network (GERAN).  In February 2000, the decision was made to evolve the GSM air interface to provide full support for 3G multimedia applications in the manner of UTRAN, [6].  Refer to the following diagram showing the basic system architecture for the data plane of both UMTS and GERAN.  The GERAN may be viewed as a 3G Radio Access Network (RAN)-like entity at the logical top, i.e. the interfaces toward the network, while retaining a GSM/GPRS/EDGE 200 KHz air interface abstraction at the logical bottom toward the Um interface.
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GERAN provides the following features and benefits beyond the original R97/99 GPRS: 

1) Infrastructure sharing between GSM and UMTS systems, as they both use the same core network components.

2) Multiple simultaneous radio bearers, each which may have differing QoS requirements.

3) Greater spectral efficiency, with physical layer optimised for Adaptive Multirate (AMR) speech and high-fidelity music encoding using Wideband AMR (W-AMR).

4) Support for real-time IP multimedia applications, including the four UMTS radio bearer classes over the packet switched domain:

a. Conversational

b. Streaming

c. Interactive

d. Background

5) Seamless interworking between GERAN and UTRAN transparent to the user.

6) Release 6 and beyond focuses on increased performance capabilities for better user experience and higher operator capacity, including:

a. Interference cancellation/advanced receivers

b. Statistical multiplexing

c. Diversity methods

Summary, GERAN is evolving as an answer to the requirements of the services provided by UMTS.  GERAN is a full 3G version of GSM, offering full 3G multimedia capabilities.  The primary limitations of GERAN as compared to UTRAN are its slower data rates and lower network capacity due to the underlying radio air interface technology and limitations to trunking efficiency in a 200 KHz bandwidth as opposed to 5 MHz for a UTRA system.   Nevertheless, GERAN is expected to fill two major voids: 

1) For operators in the Americas, who have insufficient spectrum in which UMTS may be deployed, GERAN is the favoured solution to their migration i) to GSM and ii) eventually to UMTS when spectrum is available.

2) For operators in Region 1 and 3, i.e. Europe and Far East, GERAN would be used to provide enhanced services for multimedia in areas of lower population density, viz. in those areas in which  it is more economical to deploy GERAN than to convert sites to UMTS.  In Europe, the GSM 900 MHz licenses expire beginning in 2009, which may be renewable for another 10 years, and GSM 1800 MHz licenses do not begin to expire until 2018.  GERAN is viewed as an economical method for continuing to extract revenues from their GSM systems, which are for the most part.

2 Reasonable approach to enhancements

Because the existing GPRS/EDGE protocol stack as specified in R97/99 would be used as a basis for certain GERAN enhancements particular to the Gb interface [7], any further work in this area must proceed with caution so as to avoid undue disruption of the existing architecture, if we are truly to obtain all possible leverage on previous work.  This includes the acceptance of certain limitations with regard to extensibility that are inherent to the existing R97/99 architecture.

There are nevertheless certain concepts that may be applied to the existing GPRS/EDGE architectural assumptions that may i) provide the operator with a commercially useful feature and ii) provide the network and mobile station manufacturing industry with a relatively low-risk, rapid method of the introduction of such a feature.  If a concept meets both of these criteria, it is likely to be treated as a serious possibility for standardization.

Consider the basic architecture for a typical GPRS/EDGE mobile station.  Since all elements of the protocol stack may reside on the same physical device, it provides a convenient example of explicit and implicit inter-component connections.
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In order for Gb interface enhancements to operate within the confines of this environment, it is necessary to restrict the amount of impact on the current architecture.  One such concept that may be applied would be to severely limit the impact of a new protocol feature to a very small localized area of the system architecture by partitioning any new service into a single component, possibly comprising other sub-components, and further limiting its logical connection to other components in the stack.  For the introduction of certain services, e.g. downlink streaming and/or multiple TBFs having differing QoS capabilities, may be to extend the existing architecture as per the following diagram:
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In this first extension to the GPRS/EDGE general architecture, a single new virtual bearer component, e.g. a virtual streaming bearer, is inserted between the Logical Link Controller (LLC) and Radio Link Controller (RLC) by way of two new interfaces.  In the network, this component would likely be confined to the Protocol Control Unit (PCU).

In the above architecture, whenever the services of the new component are used, the RLC would be operated in transparent mode.  Note that the placement of the new bearer component above RLC further reduces its impact on the existing components by re-using the TBF establishment logic in the RLC, i.e. even if the RLC is operated in transparent mode, it is still in charge of initiating the signalling required to start the and manage the TBF.  

This is achieved by the RLC sending notification to the GPRS Radio Resource management (GRR) layer that establishment is needed.  The GRR then notifies the RLC when it may begin sending radio blocks to the Medium Access Control (MAC) layer.  In addition, this architecture supports the transparent bypass of the new component, in which case the system would operate as if the new component were not present.

A second method of architectural evolution is demonstrated as per the next diagram, which is designed to handle multiple components coordinated by a common interface layer.  In this manner, any serialization and/or prioritisation of data may be achieved in addition to coordinating multiple radio bearers.  

An additional possibility for incorporating the conversational class, or real time bearer extension, is also suggested.  In the case of adding a real time bearer to the protocol, the functionality of RLC and MAC would both be completely bypassed, as the requirements for best efforts user data and real time data services are vastly different.  The RLC/MAC functionality customized for real time conversational services then replaced by the “real time bearer” extension, then “tunnelled” into the physical layer, possibly into a Flexible Layer One Concept (FLOC) component.

CAVEAT #1: If any virtual bearer operates on LLC frames transmitted in transparent mode, then the existing RLC transparent mode may be used.  If the virtual bearer operates on radio blocks, then it may be architecturally simpler to create a separate bearer component that would be introduced into the existing RLC component.

CAVEAT #2: The addition of any virtual bearer would likely have significant impact on the buffering of data between components within both the mobile and the network.  In the case of the network, backhaul capacity should be taken into consideration as well.

CAVEAT #3: Isolating the influence of a feature to a single component is generally a non-trivial task, and may not even be possible for certain types of features.  Part of the decision to utilize this type of architectural direction should be based on appropriateness.

Summary: The influence of virtual bearer features would be kept isolated as much as possible from existing components.  Enhancements introduced in the described manner may be far from optimal, but this lack of optimisation may be a reasonable trade-off between a large scale re-working of the specification, combined with development and testing cycles and a fairly rapid deployment and time to market.
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4 Summary
If the industry determines that certain small and rapidly deployable enhancements to the Gb interface are indeed consistent with future commercial requirements, confining certain of these enhancements to one or more components of an additional logical layer presents an attractive and low risk method of their introduction.  We have presented this conceptual approach to limiting the scope of enhancements to the A/Gb mode in hope that cautious consideration will be given regarding the architectural complexity of any proposed changes to the existing system.  

We welcome further comments from operators and other manufacturers on this matter.
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