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1 Introduction
In recent RAN1 meetings, a study item of UMTS with scalable bandwidth usage was proposed [4]. A simple candidate scheme refered to as Fractional UMTS (F-UMTS) is described in [2]

 REF _Ref346182117 \r \h 
[5]. Essentially, we modify the chip rate and transmitter filter to support scalable bandwidth for UMTS FDD. In F-UMTS, the time duration of the UMTS chip is increased by N times, where the time dilation factor N is a fundamental design parameter of 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 has a slower chip rate, which is 1/N of the UMTS chip rate of 3.84 Mcps. 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]. But to achieve the scalable bandwidth, the impulse response of the filter is expanded by N times in the time domain. So the bandwidth of the F-UMTS system is 1/N of the UMTS FDD 5MHz bandwidth.
Besides the changes on chip rate and the transmit filter, F-UMTS reuses the fundamental physical layer specifications of UMTS FDD. The physical layer design such as spreading and modulation, physical channel formats, radio frame structure, coding and multiplexing, etc., are the same as UMTS FDD. Thus the time scale related physical layer parameters in F-UMTS are dilated by N times (compared to a normal UMTS system). For example, for F-UMTS (N=2) the radio frame duration is increased from 10ms to 20ms. The merit of F-UMTS is obvious since it reuses the UMTS FDD design aspects as much as possible while achieving scalable bandwidth. In this contribution, we perform an analysis of UE implementation complexity for F-UMTS.
2 UE Receiver
2.1 RF and Digital Front-end
Figure 1 illustrates examples of RF and digital front end receiver portions for both the baseline SC-HSDPA receiver diversity enabled UE.  As seen in these block diagrams, the RF processing impact is very minimal when migrating from the baseline SC-HSDPA receiver diversity enabled UE to a F-UMTS
· In both cases, a single local oscillator implementation is assumed for the purpose of RF down-conversion.

· The analog low pass filter (LPF) is now a narrower bandwidth (5/N MHz) when compared to the baseline case (5 MHz bandwidth).

· The ADC sampling rate decreases linearly in accordance with the analog LPF bandwidth.

· The complexity of the digital filter is 1/N to an FIR implementation of the UMTS FDD Square Root Raised Filter (roll-off factor = 0.22) 
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Figure 1: Baseline SC-HSDPA Receiver: RF/Front End Block Diagram

2.2 Base-band Detector

In this section, we examine the differences in base-band processing of the HS-PDSCH detector portion between the baseline and F-UMTS receiver structures. 

Since the baseline UE is capable of receiver diversity processing, it is required to estimate the channel impulse response on the two receiving branches. Also we assume that the baseline UE receiver uses a linear MMSE receiver operating in  the diversity mode as shown in Figure 2.

For the F-UMTS receiver also needs to perform search and channel estimation for the  two receiver branches. However, since the time duration of F-UMTS is dilated by N times, the length of the channel impulse response (CIR) in unit of chips is reduced to 1/N of the CIR length for the UMTS receiver. And also because the sampling rate of F-UMTS receiver is 1/N of the UMTS receiver. So the complexity of searcher and channel estimator is 1/N2 of the UMTS receiver.  
The complexity of the LMMSE processing block has been well documented in various technical contributions such as [6].  Based on the analysis in [6], the complexity of LMMSE processing is scaled with the CIR length and sampling rate. Follow the same logic as above, the length and sampling rate of the linear equalizer in F-UMTS receiver are both 1/N of the linear equalizer in UMTS receiver. So the complexity of LMMSE processing is also reduced to 1/N2 of the UMTS receiver. 
2.3 Base-band Decoder

As far as the base-band decode processing is concerned, since the data throughput and peak rate are expected to be 1/N of the UMTS FDD system, we expect the decoder complexity also reduced to 1/N of the UMTS decoder. Figure 3 illustrates a high level block diagram of the base-band decoding process for both the baseline SC-HSDPA. In the F-UMTS case, the IR buffer requirement is the same as UMTS but the Turbo decoder speed requirement is reduced to 1/N.
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Figure 2: Baseline SC-HSDPA Receiver: Base-band Detector Block Diagram
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Figure 3: Baseline SC-HSDPA Receiver: Base-band decoding

3 UE Transmitter

Since only chip rate and transmitter filter are modified in the UE transmitter for F-UMTS, a minimum amount of physical layer changes may be expected on the UL transmitter implementation as follows:

· Reduce the physical layer processing speed by 1/N 

· Reduce the digital pulse shaping filter sampling rate by 1/N 
· Reduce the analog filter bandwidth to 1/N of UMTS FDD sampling rate.

4 Conclusions

A detailed UE complexity analysis was performed to investigate the impact of F-UMTS on the UE complexity. For the purpose of comparison, the baseline UE was assumed to be a receiver diversity enabled SC-HSDPA UE. The analysis was performed on both the RF/Front-end portion as well as the base-band detector and decoder portions of the UE. The UE complexity comparison can be summarized in Table 1. 

Table 1: UE Complexity Comparison between Baseline and F-UMTS UE
	
	Baseline SC-HSDPA
	F-UMTS

	RF/Front End
	
	

	Number of Rx Antenna chains
	2
	2

	Number of RF Local Oscillators
	1
	1

	Number of RF down-conversion units
	2
	2

	Number of Analog LPF
	2
	2

	Analog LPF bandwidth
	5 MHz
	5/N MHz

	Normalized ADC Sampling Rate
	1
	1/N

	Number of Digital Oscillators
	0
	0

	Number of Digital FIR filters      
	2
	2

	Normalized input bandwidth to base-band detector
	1
	1/N

	Base-Band Detector
	
	

	Searcher and Channel Estimator
	1
	1/N2

	LMMSE Processing
	1
	1/N2

	Base-Band Decoder
	
	

	IR Soft Metric Buffer
	1
	1

	Turbo Decoder Speed
	1
	1/N


As seen in Table 1, for many of the sub-systems, the complexity impact is reduced to 1/N or more:

· For the Base-Band decoder sub-system, which constitutes a significant percentage of the UE implementation in terms of logic and memory, there is no impact at all. And the speed can be reduced to 1/N of UMTS decoder. 

· For the Base-Band detector portion, there is significant reduction of complexity. Due to both the shortened channel length and lower sampling rate, the complexity is 1/N2 instead of 1/N. 
· For the RF/Front-End portion, there is no additional increase in RF chains due to F-UMTS operation. The differences can be summarized as follows:

· Smaller Analog LPF bandwidth

· Slower ADC sampling rate

From this analysis, we conclude that F-UMTS UE terminal has much less complexity to that of a UMTS UE terminal. This proves that the implementation of F-UMTS UEs is highly feasible.
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