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1. Summary

Wireless network operators and service providers face many challenges as they respond to surging demand for mobile communications services, including:

· Proliferation of equipment (terminal and infrastructure) and service platforms in order to support competing and often incompatible standards, modes, and frequencies

· Growing demand for wireless Internet and information services

· Introduction and growth of 2.5G and 3G services (nearly 10% of >1B subscribers in 2003)

· Continued competition, driving lower price structures, rapid time-to-market, new ways to develop services and create value, and more efficient and flexible use of network resources

· Increasing cost and scarcity of wireless spectrum

The move in 3GPP Release 2000 towards supporting complex services will substantially increase equipment and service management challenges from purely voice network concerns to include:

· Multimedia

· Data services

· Value added services

· Terminal and host applications

· Subscription provisioning and management

· Terminal provisioning, management, repair, maintenance, upgrade

For 3G, telematics, and other advanced mobile services, terminals can become very expensive, hence the notion that the terminal is a disposable commodity may no longer be valid.  Furthermore, as 3G service concepts become more sophisticated, some service features can be more effectively managed from the terminal (USIM) side rather than the network side.  Another aspect to consider is that due to the rapid progress of IT, the speed of the network evolution may place an increasing burden on the network operator to maintain the terminal backward compatibility for a longer period of time.  In this light, including the terminals in the management network becomes pre-requisite for success in the 3G world.

A terminal management system allows user equipment to be managed remotely.  It is able to track various information relating to the terminal and UICC (e.g. make, model, software, version number, etc.).  The system should also be able to download new software to the user equipment either initiated by the user or by the network/ service provider.  The system manages the user equipment and is able to take steps to ensure that the user equipment functions optimally.

Software defined radio (SDR) addresses the above challenges by enabling flexible operation across a range of existing voice and data services, along with the ability to adapt to new voice and data services as they are adopted and launched.  SDR also allows the development of a new generation of mobile devices that can managed, upgraded and enhanced in the field using software downloads, including over-the-air software downloads.  The Software Defined Radio (SDR) Forum (SDRF) has been studying technology for flexible, multi-standard and multi-service infrastructure and terminals. The SDRF recommends that 3GPP-MExE adopt SDR extensions to existing MExE classmarks to address the above challenges.

2. Definition of SDR

SDR is a collection of implementation technologies that enable greater flexibility in wireless products and services. The common bond among all SDR technologies is the practical ability to reprogram, or reconfigure, a given radio function after the point of manufacture.

These concepts encompass a combination of technologies that include multi-band antennas and RF conversion, wideband analog-to-digital and digital-to-analog conversion (ADC/ DAC), and the implementation of IF, baseband and bitstream processing functions in software- and hardware-based programmable processors. In practical realizations, these processors are designed to be as efficient as possible (in terms of size, weight and power consumption) for the set of standards, services and applications of interest.

SDR extends the evolution of programmable hardware to the overall radio architecture and functionality. SDR is an evolving concept that enables dynamic standards compatibility and technology insertion, promising infrastructure and terminals that are as future-proof as possible. SDR squarely addresses the compelling economic challenges of today's highly dynamic and competitive personal communications marketplace.

3. Scope of Proposed SDR Enhancements to MExE TS

The scope of the proposed SDR enhancements to existing MExE Technical Specifications is shown in Figure 1.
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Figure 1. Proposed SDR enhancements to MExE technical specifications.

The scope of the proposed download process is shown in Figure 2. Based upon these concepts, and subject to incremental extensions of MExE Technical Specifications, the radio- or physical-layer processing becomes another MExE application. This concept will be more fully developed through interactions between infrastructure/ user terminal OEMs and wireless network operators/ service providers.
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Figure 2. Accommodating radio-specific software in MExE

4. Example Benefits of SDR

The result of implementing SDR is a hardware reconfigurable, software programmable end-to-end wireless system solution that:

· Provides operators with the ability to quickly develop and customize new services and solutions.  

· Meets growing capacity demands by providing scalability to higher data rates and user densities

· Meets changing service demands by easily adapting to different service mixes.  

· Reduces time-to-market for new services

· Reduces the number of platforms that must be developed and maintained 

· Can support all wireless technology standards on the same platform with significantly less complexity than a hardware-based solution

· Provides subscribers with much greater freedom in tailoring services to meet their needs.  
Examples of general capabilities enabled by SDR and corresponding use cases being developed within the SDR Forum Software Download Task Group include the following:

· Universal roaming: e.g., between WCDMA and IS2000-based networks

· New services and applications: e.g., geolocation

· System capacity optimization: e.g., adaptive antennas

· Variable/ on-demand services: e.g., adaptive detection

5. Business and Financial Benefits of SDR Extensions to MExE

Potential benefits of SDR technology as an extension to MExE include the following:

· Enables practical multi-standard, multi-function terminals and infrastructure

· “Future-proofs” infrastructure and terminals by enabling application, service and technology upgrades. These upgrades can be applied remotely, e.g., over-the-air and/or over-the-network 

· Enables remote control, monitoring, test and measurement, and fault detection of terminals, including embedded terminals, e.g., in vending machines, utility meters etc.

· Optimizes system capacity (and resulting revenue) via fine-tuning of user services, bandwidth etc.

· Enables variable and on-demand services that promise to increase service revenue
6. Potential Areas for Further Collaboration/ Standardization

In addition to proposing SDRF extensions to specific sections of the MExE Technical Specifications, the SDRF recommends further study in the following areas:

· Java sandbox, Java APIs: SDR extensions

· MExE Classmarks: SDR extensions

· Security, especially suitability of Public Key Infrastructure for SDR software download

· Software download and terminal management protocols

· Proof-of-concept: testbeds, demonstrations etc.
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