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1. Introduction

In [1] Nortel introduced an example reference OFDM configuration as a framework for the evaluation of potential OFDM physical layer proposals. Some of the proposed OFDM signal parameters, such as the guard time period and the useful OFDM symbol duration, as well as the frequency guard bands, are fundamental for the definition of the standard, and therefore require considerations starting also from a different premise.

The parameters from [1] result in the sampling frequency for the OFDM signal that is not compatible with the UTRAN clock rates. However, such compatibility is of crucial importance for the implementation of dual-mode UE’s (receiving both a WCDMA carrier and an OFDM carrier), where it is desirable to use common clocks in both modes. The importance of compatible clock rates seems to us high enough to justify a possible increase of FFT implementation complexity.

Therefore in this paper we derive another set of OFDM parameters that allow compatibility with WCDMA clock rates. Such an OFDM signal can be generated and processed at twice the WCDMA-chip rate. In the next Section we present a complete design process of the WCDMA compatible OFDM signal parameters. In Section 3 we illustrate some effects of the proposed OFDM signal parameters. In Section 4 some conclusions are summarised.

2. Design of WCDMA-compatible OFDM signal parameters

Similar to the reasoning in [1], the design of the OFDM signal starts by establishing that the frame and TTI durations are the same as for the HS-DSCH in WCDMA, i.e., the frame duration is 10ms and the TTI duration 
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ms. Then, the total length of an OFDM symbol 
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 is chosen, by taking into account three criteria:

1. An integer number of OFDM symbols in a TTI: 
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 where k is an integer.

2. Robustness to high Doppler frequencies. The OFDM symbol length must be much shorter than the channel coherence time 
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 is the Doppler frequency: 
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3. Robustness to multipath. The insertion of the cyclic prefix, a guard-time that is discarded in the receiver, provides this immunity. On the other hand, to reduce overhead, the OFDM symbol length must be much longer than the channel delay spread
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Following [1], the choice 
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ms (k=12 OFDM symbols per 2ms TTI) is a good choice with respect to these three criteria. An OFDM symbol can now be represented mathematically as 
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where 
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 are the complex symbols taken from a QAM constellation and where 
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. Here Tcp is the duration of cyclic prefix and Ts is the duration of the useful OFDM symbol. Typically, the above OFDM symbol is implemented using the DFT, where the useful OFDM symbol of duration 
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 consists of N samples and the cyclic prefix of duration 
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 consists of L samples. Given the sampling rate of the DFT, there are not many design choices of the useful OFDM duration 
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 (and as a consequence the length of the cyclic prefix 
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) that yield relevant, feasible solutions with N and L samples.

Having introduced the above notation, we now proceed with establishing that the sample rate in the DFT is twice the WCDMA chiprate, 7.68MHz. Then, because 
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 samples and we propose to choose 
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. Consequently we propose the values 
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s. Our choice of N and L balances the complexity of the DFT and the overhead introduced by the cyclic prefix. Compare for instance the alternative choice of 
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 point DFT. This choice yields 
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. Here, the duration (overhead) of the cyclic prefix is 20% of the total OFDM symbol duration and, in our view, too long.

Table 1 and Table 2 summarize the above set of design parameters along with the parameters presented in [1], each specifying the above OFDM symbol differently, that is, with different choice of the parameters. The two parameter-sets have in common that one TTI is 2ms in duration and consists of 12 OFDM symbols. The key difference lies in the choice of the parameters 
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 (and hence also in the subcarrier spacing 
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Table 1: Specification of OFDM signal.

	Parameter
	Design 1
	Design 2, see [1]

	TTI duration
	2 ms

	# of OFDM symbols per TTI 
	12

	Total OFDM symbol duration (
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)
	166.67 (s (2/12 ms)

	Useful symbol, cyclic prefix (
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,
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	156.25(s, 10.42 (s
	161.62(s, 5.05 (s

	Subcarrier separation (
[image: image32.wmf]S

T

/

1

)
	6400 Hz (1/156.25(s)
	6187.5 Hz

	# of subcarriers (
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	750
	729

	Signal bandwidth
	4.8MHz (750x6400)
	4.511MHz (729x6187)

	Raw symbol rate of air interface
	4.5 Msymbols/s

(6000x750)
	4.374 Msymbols/s

(6000x729)


Table 2 lists parameters, characterizing a possible implementation of the OFDM signal. The key advantage of the parameters in Design 1 is that the signal can be generated with a WCDMA-compatible sample rate – twice the chiprate. This is a desirable property if UEs are to be designed for dual-mode operation. A disadvantage, at a first glance, is the need for a 1200-point DFT at both ends of the communication link, bringing more complexity than the 1024-point DFT in Design 2. As illustrated in the next section, this complexity increase turns out to only be very moderate.

Table 2: Parameters of possible implementation.

	Parameter
	Design 1
	Design 2, see [1]

	FFT size
	1200
	1024

	OFDM sampling rate
	7.68 MHz (2x3.84MHz)
	6.336 MHz (33/20x3.84MHz)

	Useful symbol + cyclic prefix
	1280 = 1200 + 80 samples
	1056 = 1024 + 32 samples

	# of samples in TTI
	12*1280 = 15360
	12*1056 = 12672

	# of nulled DFT inputs
	450 (of 1200)
	295 (of 1024)


In summary, the two design strategies differ by their respective basic conditions. In [1] it is assumed a priori that the number of samples per useful OFDM symbol is 1024. From requirements on cyclic prefix duration and the relation between the cyclic prefix duration and the number of samples per OFDM symbol the sampling frequency is obtained to be 6.336MHz. In our design, instead, we first fix the sample rate and then derive the other parameters.

The performance (in terms of throughput of information bits) of a system based on the OFDM signal defined in Table 1 is now to a large extent determined by the length of the cyclic prefix and the intercarrier spacing. The choice of about 10(s cyclic prefix in Design 1 provides immunity for path-length differences of more than 3 km. This is about twice the length of the cyclic prefix in Design 2. This feature of the system carries the potential throughput-improvement over current HSDPA in multipath channels. The choice of 6.4 kHz intercarrier frequency spacing provides robustness for Doppler frequencies up to at least 300 Hz (more than 150 km/h).

3. The effects of proposed OFDM signal parameters

3.1. The number of useful subcarriers versus the spectrum mask

The number of potentially available subcarriers with the above implementations is 1200 (covering 7.68MHz) in Design 1 and 1024 (covering 6.336MHz) in Design 2. As we assume the OFDM carrier is being applied in the 5MHz paired FDD-band of WCDMA, the spectral mask requirements of [2] apply.

The number of useful subcarriers is then typically chosen so as to align with these spectral requirements. Table 1 illustrates the number of useful subcarriers and the associated bandwidth of the OFDM signal. Up to 750 subcarriers (covering 4.8MHz) may be used without exceeding the out-of-band emission requirements.
Figure 1 illustrates the spectrum of the OFDM signal in design 1. Here, the OFDM signal was generated using a 2400-point DFT (using the DFT as an interpolator) and a root-raised-cosine filter with roll-of factor 0.11 and a cut-off frequency 2.5 MHz was employed. Clearly, the signal with 750 used subcarriers has the potential to satisfy the spectral requirements. On both sides 200 kHz frequency guard bands appear. Whether this property still holds when RF processing is taken into account is an item for the SI [3].
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Figure 1: Spectrum of OFDM signal and BS maximum output power.

3.2. Raw aggregate throughput

The raw aggregate throughput offered by the OFDM radio link is (750 subcarriers x 12 OFDM symbols x 500 TTIs) 4.5 Msymbols per second. For a fair comparison with HSDPA, we assume that only a fraction of 15/16 can be used for data (reserving the other resources for control channels and pilot symbols) and that we use 16QAM on all the subcarriers. This yields an aggregate throughput of about 16.875 Mbit/s, an increase of 17% compared with HSDPA’s peak aggregate throughput (14.4Mb/s).
3.3. The effect of the DFT-size on the implementation complexity

The complexity of an N-point DFT can be reduced significantly when the number of points N has many factors (note here that 1024=210 and 1200=24x3x52. In [4] it is shown that if N has 
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complex multiplications, where 
[image: image38.wmf](

)

i

N

m

 denotes the number of multiplications of an Ni-point DFT. Therefore, we get for the two abovementioned implementations
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where we use implementations of the constituting 2-,3-,and 5-point DFTs with 
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. The complexity of a 1200-point FFT in terms of complex multiplications increases about 50% compared to a 1024-point FFT.

In Matlab (version 6.5.0 release 13), using the built-in ‘fft’-function, the computation time of the 1200-point DFT was 38% more than that of the 1024-point DFT.

3.4. The effect of Doppler and multipath on the raw symbol-error rate

Figure 2 illustrates the raw symbol-error rate for the proposed signal design. Note that for quasi-static channel conditions and for the Case1 channel the performance of the OFDM system approaches that of the flat-fading channel, whose theoretical (high-SNR) asymptotic error-rate is shown, too. Note also that for the Case2 channel the curve shows an error-floor due to multipath, because the cyclic prefix does not provide immunity to the channel tap with lag 20 s. For the curves of case3 and case4 the error floor appears because of Doppler effects. Speeds of 120 km/h and 250 km/h clearly have effect on the error rate. Finally coded bit-error rate and throughput are more important parameters of interest. It is likely that the above behaviour appears in these quality measures, too.
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Figure 2: Symbol error rate for QPSK-modulated subcarriers.

4. Conclusion

In this contribution we emphasize the importance of the clock rate compatibility and propose a set of parameters that should serve as a working assumption for the OFDM physical layer. This set of parameters define an OFDM signal that has desirable properties with respect to clock rate, DFT-implementation, cyclic prefix and Doppler robustness.
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