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Introduction

The current 3GPP UTAN architecture is built on a flexible framework intended to provide a service agnostic bearer bit pipe capable of supporting a wide range of Quality of Service requirements.  UTRAN supports high QoS Conversational and Streaming services at high bit rates and at the same time support best effort web browsing type of services.   This makes it possible to support a wide range of applications like circuit switched voice and data, downloading, web surfing, VoIP, and broadcast data and adapt to supporting new services that are created with minimal or new changes to the basic architecture.

The incorporation of HSPDA allowed even higher downlink throughput and lower latency.  It also relaxes the QoS requirements on transport network and helps reduce the transport network costs especially over the last mile.  The introduction of the distributed scheduling in HSDPA also marked the move from the RNC centric architecture towards a more distributed and decentralized network architecture.

While the incorporation of HSDPA removed the downlink bottleneck, stretching the system to exploit its full potential brought forth other limitations on the uplink and code limitation.  Both of these are being addressed by ongoing work items like EUDCH and Fractional DPCH.

However, discussions on carrying VoIP for example showed the inefficiencies and limitations of the UTRAN and the wireless network in general.   The requirements of some of more recent and future IP based applications can be expected to stretch the UTRAN beyond its current capabilities and we look what these requirements are likely to be and the evolution path facing the UTRAN over the coming years.

Requirements

The now omnipresent IP network lays the foundation for new applications being developed.  Applications are being introduced in the IP domain including VoIP, streaming video, and network gaming imposes new demands on bandwidth and latency.  We expect to see more convergence of the fixed and wireless networks with applications being access technology agnostic and End-users expecting the same application space and the look and feel irrespective of the access media.  This introduces new challenges for the wireless access technologies in keeping up with the fixed network in terms of bandwidth, latency and always-on connectivity while working with the vagaries of the wireless media and within the constraints of form factor and battery life of the terminal.   It should meet these different requirements, while at the same time making the most efficient use of the limited spectrum 

Resources.

 However flexible UTRAN is, it needs to be enhanced to meet the needs and providing quality-of-service (QoS) guarantees for the variety of new applications.   Almost all of additional traffic can be assumed to be IP.  We believe that with the increase in the IP traffic and next generation of applications, the networks should support an order-of-magnitude increase in peak rates and throughput.  Network gaming applications for example demand lower latency and end-to-end delay.  With the increasing popularity of 802.x network hotspots, seamless inter-working between these different technologies becomes more essential.  In introducing these enhancements, every effort should be made to keep the increase in overall system complexity to a minimum.  Each of these is discussed in more detail below.

Higher Peak rate and Throughput

The range of desired data rates will probably require a flexible channel bandwidth, say 10-20 MHz .The dominant impairment on such a channel is likely to be the self-interference caused by irresolvable multipath, at least in pedestrian or moderate-speed vehicular environments (arguably, these are the environments where the higher data rates are likely to be used). As is well known, multi-carrier modulation techniques such as orthogonal frequency division multiplexing (OFDM) are well suited to handle this impairment with reasonable complexity. However, the benefit of a completely new air interface based on OFDM vs. WCDMA is only obvious in a higher bandwidth such as 10 or 20MHz. 

HSDPA Rel5 allowed shared resources and enhanced throughput. With some enhancements to HSDPA like some form of fast cell selection it would become more efficient and possible to use HSDPA to provide all the services traditionally provided on dedicated channels.  This could be another interesting area to look at for short term enhancement in RAN.  

MIMO is another technique for effectively achieving high peak rates and high link spectral efficiency and it would become more required when OFDM is introduced. 

Reduce Delay

Reduction of latency is a very important issue in wireless networks and highlighted by network gaming applications.  Building on the high data rates provided by the physical layer, the MAC layer should simultaneously provide a variety of services with different latency and data rate requirements to a variety of users with different mobility and power characteristics. The indeterminism introduced by highly variable channel conditions introduces jitter. This imposes more demands on scheduling and control stream formats. Thus all layers in the system should work coherently and possibly with the knowledge of the overall QoS requirements to reduce the latency in wireless networks.

Delay issues are not confined to the bearer plane.  UMTS is signaling intensive and the delays in call and bearer set up imposes restrictions on the service quality.  For example bearer set up time for Push-to-talk-over Cellular  (PoC) is critical.  Reduction in set up times may require some radical re-thinking of the UTRAN architectural principles.

Convergence with other networks

It is envisioned that future wireless networks should in fact be viewed as integrated networks of multiple smaller networks providing the mobile terminals with a variety of connection capabilities.  It is our view that the current trend of having multiple chip sets and multiple wireless technologies integrated in a single device will undoubtedly continue, and is in fact only expected to expand over the next decade, thereby allowing mobile terminals to establish a connection at any time, anywhere, and from any device that they may be using.   The need for seamless handover and service continuity is a service requirement for hiding the underlying access technology from the end user.   Trigger events are required to allow a mobile terminal to optimize detection of a useable attachment to a network and for the handover between the technologies while power requirements for trigger detection should be minimized.  Security should be maintained across these handovers.   Increasing adoption of fixed network technologies even closer to the radio interface can be foreseen over the coming years.

Transport network cost

While a lot of emphasis is placed on radio interface optimization, the transport network cost is often overlooked.  This could be significant to an operator.  The stringent QoS requirement over UTRAN links to support soft handover is major contributor to this cost particularly over the last mile.  With the expected increase in data rates and delay requirements, this cost can only be expected to escalate.  Alternatives that can provide similar performance without the need for the delay sensitive multiple legs should be considered.   Enhanced HSDPA will go some way towards this.   

Limit additional Complexity
The price for a flexible and highly adaptable UTRAN is its complexity.  A hugely complex UTRAN or UMTS network brings with it additional development and operational costs in terms of inter-operability testing, deployment, debugging, training etc.  The challenge in introducing new features in UTRAN is to keep the increased complexity manageable.  This can be compounded, as new features should be considered over all the interfaces.  Minimising feature interaction can control what could otherwise result in an exponential increase in complexity.    Introduction of new standardised interfaces should be carefully weighed against the additional complexity that it could bring.

Summary and Conclusion
The demands of the future applications and fixed and wireless convergence driven by the user expectations of access independence will require enhancements to the existing UTRAN.   Increased data rates coupled with flexible and high bandwidth of up to 20Mhz makes OFDM an attractive choice for higher bandwidth channels.  However, the benefit of a completely new air interface based on OFDM vs. WCDMA is only obvious in a higher bandwidth.  

The increase in data rates should be matched with a reduction in latency in terms of end of end delay and call and bearer set up time.    Tighter integration with other networks will be required.  These issues and call for reduced transport costs endorse a distributed processing architecture and motivates a move away from dedicated channels towards shared channels like HSDPA on the whole carrier and the reuse of technology from the fixed world closer to the radio interface.   The challenge in using shared channels lies in ensuring that it meets the QoS requirements of applications like VoIP while being spectrum efficient.   UTRAN should evolve and adapt to meet the ever increasing demands while keeping the complexity manageable.
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