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1 Introduction
UMTS FDD has been defined for 5MHz channel bandwidth deployments using a chip rate of 3.84 Mcps. However, in many cases the available frequency resources owned by operators worldwide cannot accommodate a 5MHz UMTS FDD. In particular, suboptimal spectrum usage may arise when the available contiguous spectrum is less than 5 MHz or not a multiple of 5MHz; especially for scenarios where frequency resources become available from displaced/re-farmed legacy systems.

To allow a more efficient spectrum allocation and usage for UMTS FDD, a suitable option would be to define a more flexible channel bandwidth, in particular allowing smaller carrier bandwidth values. A reduction in bandwidth will enable UMTS FDD in all those constrained spectrum scenarios where only portions of 5MHz bandwidth are available, either as multi-carrier UMTS FDD or as a standalone single-carrier UMTS FDD. A few deployment scenarios where flexible bandwidth usage of UMTS FDD could apply are described in [5].

In recent RAN1 meetings, a study item of UMTS with scalable bandwidth usage was proposed [1][2][3][4]. In this contribution, we present a candidate scheme for the scalable bandwidth usage of UMTS FDD referred to as Fractional UMTS (F-UMTS).
2 Concept of Fractional UMTS 
2.1 Chip Duration and Transmitter Filter for F-UMTS

The concept of Fractional UMTS (F-UMTS) was proposed in [2]. It applies the time dilated UMTS FDD waveform to spectrum in which a normal UMTS waveform does not fit. The time dilated waveform has similar frame structure as the normal waveform while occupying less bandwidth. In this sense, the time dilation is used as a means of achieving smaller bandwidth. 

To achieve the time dilation on the UMTS waveform, we expand the time duration of the UMTS chip by N times, where the time dilation factor N is a fundamental design parameter of an F-UMTS system. Thus chip duration for F-UMTS is Tc’=N*Tc, where Tc is the chip duration of UMTS system. So the F-UMTS waveform has a slower chip rate, which is 1/N of the UMTS chip rate of 3.84 Mcps. An example of N=2 F-UMTS chip sequence is shown in Figure 1. 
The F-UMTS transmitter still uses a root raised cosine filter with roll-off factor 0.22 as the pulse shaping filter, which is similar to UMTS FDD [6]. The impulse response of the filter is
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where the roll-off factor = 0.22. The double-sided bandwidth of the F-UMTS system is given by
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Thus a scalable and narrower bandwidth is achieved by controlling the time dilation factor N of the F-UMTS system. For example, we can deploy an F-UMTS system on a 2.5 MHz bandwidth channel with the chip rate reduced by a factor of 2 from 3.84 Mcps to 1.92 Mcps.
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Figure 1 Time dilation in F-UMTS

2.2 Physical Layer Specfications for F-UMTS

Aside from the changes to the chip rate and pulse shaping filter, to reuse the air interface of UMTS FDD as much as possible, F-UMTS maintains the same physical layer protocols and procedures such as radio frame structure, coding and multiplexing, physical channel mapping, spreading and modulation, etc.. Due to the slower chip rate, the slot duration for F-UMTS is N*2/3ms. The subframe duration, radio frame duration, TTI duration, and so on are scaled accordingly. Generally speaking, the time scale related physical layer parameters in F-UMTS are all scaled by N times (compared to a normal UMTS system). For example in Figure 2, the F-UMTS (N=2) radio frame duration is increased from 10ms to 20ms. Meanwhile, the physical layer of F-UMTS still uses the same spreading factors for the physical channels (P-CPICH SF= 256; HS-DSCH SF = 16, etc.) as UMTS. Figure 2 illustrates the radio frame structure of F-UMTS (N=2) system.
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Figure 2 F-UMTS Radio Frame Structure

3 Initial Simulation Results of F-UMTS

The candidate schemes of UMTS with scalable bandwidth usage should be studied thoroughly. The performance of the original UMTS system should be used as a baseline when the bandwidth is scalable. To make a fair comparion between schemes, we describe some simulation assumptions in [7]. The initial link level performance results and analysis of F-UMTS are presented in [8]. 

4 Conclusions

We present the concept of Fractional UMTS as a candidate scheme for UMTS FDD with scalable bandwidth usage in this contribution. The changes to the chip rate and transmitter filter in F-UMTS are described and impacts on physical layer specification are discussed. The merit of F-UMTS is obvious since it reuses most of the UMTS FDD physical layer design aspects while achieving the scalable bandwidth. The changes to the physical layer specifications are minimal. And the UMTS carrier operators could have a fast time to market for F-UMTS in their existing UMTS networks.
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