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1 Introduction

The pulse shaping definition is now in the scope of the RAN Working Group 4 [1]. The subject was before treated within the Working Group 1 and Nortel Networks submitted a contribution ([2]) on that subject at the  WG1 meeting  #2 (Yokohama 22-25, February 1999).

At the last Working Group 4 meeting (Tokyo 29-31,March 1999), Nortel Networks proposed a new filter for the baseband modulation[3]. The impulse response of that filter is the frequency square root of the sinc function multiplied by a Kaiser-Bessel window. [3] compares this new Kaiser-Bessel pulse against the actual root-raised cosine filter and the "gaussian" modulation submitted in WG1 [2].

This document is a revision of [3]. It is a proposal for the replacement of the root-raised cosine filter by a Kaiser-Bessel pulse with parameters  et  slightly modified compared to the proposal in [3]. Paragraph 3.2 has been added : it addresses the compliance of that new modulation with the FCC part 24 (24.238 Emission limits).

The aim of this proposal is to reduced the delay spread of the impulse response while keeping spectral characteristics similar to the root-raised cosine filter.

2 Definition

2.1 Impulse response

The impulse response q(t) of the pulse shaping filter is given by the following relations :

p(t) = q(t)*q(t)  where * denotes the convolution with 
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is the Kaiser-Bessel window given by 
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· I0 is the zero-order modified Bessel function of the first kind.

· sinc is the function 

.

For our application 
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When a matched filter is used in the receiver, the resulting impulse response in static propagation conditions is p(t) which satisfies the Nyquist criterion. Figure 1 shows the normalised pulse q(t).
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Figure 1 – Kaiser-Bessel impulse response

2.2 Spectrum

The Fourier transform of p(t), is proportional to P(f) :
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q(t) can also be seen as the inverse Fourier Transform of 

. 

The power density spectrum of q(t) is 

. It is displayed on Figure 2 as well as the root raised cosine modulation power spectrum.
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Figure 2 – Power density spectrum comparison

3 Performance

3.1 Adjacent Channel Protection

Figure 3 is the plot for both pulses of the adjacent channel protection ACP versus pulse length.

The ACP is evaluated using the following formula :
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,  where

· H(f) is the fourier transform of the truncated pulse g(t)

· Fa is the frequency offset : Figure 3 is plotted with Fa = 5 MHz

· Fc is the chip rate, 4.096 MHz

This characterises either the ACLR for the transmitter or the ACS for the receiver. Considering a 12bit quantization and an ACP value of 60 dB, the time spread can be reduced from 26 chip periods for the RRC 0.22 to 15 for the Kaiser-Bessel pulse.

[image: image10.emf]5 7 9 11 13 15 17 19 21 23 25 27 29

40

45

50

55

60

65

70

75

Time (Tchip)

dB

RRC 0.22     

Kaiser-Bessel


Figure 3 – TX-ACLR or RX-ACS performances

3.2 FCC Part 24 compliance

The paragraph above shows the advantages of the Kaiser-Bessel pulse when considering the number of coefficients needed to cope with a 60dB value ACP. The aim of this section is to evaluate the margin for the FFC part 24 compliance with the typical values from the paragraph above.

The relevant section of the FCC part 24 can be found in Annex A.

3.2.1 Adjacent 1MHz bandwidth

 The measurement bandwidth for that part of the spectrum shall be more than 1% of the 26dB bandwidth of the signal.

This is roughly equal to 50kHz, for both RRC and Kaiser Bessel. 

The Figure 4 shows the ratio of the power transmitted in 5MHz on the power measured in 50kHz filter. X-axis is the frequency offset from the carrier the filter is centred on.

Delay spread is 15 for the Kaiser-Bessel, 26 for the Root raised cosine pulse. Number of bits is 12 for both.

The performance of the Kaiser-Bessel pulse is similar to the RRC pulse.
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Figure 4 : 1 MHz band immediately outside

3.2.2 Frequency above 1MHz

At 3.5MHz, the power measured in a 1MHz  bandwidth filter is around 80dB below the transmitted power, for both RRC and Kaiser-Bessel. Hence, there is no risk of non compliance in that part of the spectrum.

3.3 Peak to average ratio

Peak to average ratio is an important parameter when defining a modulation since it has a direct impact and the Power Amplifier of the transmitter. The higher the peak to average ratio is, the more linear the power amplifier should be, the more its efficiency decreases.

Figure 5 below gives the cumulative distribution function of the amplitudes of the modulated signal. It could be noted that both modulations have equal performance with respect to this characteristic.
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Figure 5 - Cumulative distribution function of the amplitude of the modulated signal

4 Conclusion

This document proposes a new pulse (referred as 'Kaiser-Bessel' pulse) to define the modulation for UTRA. This pulse has been compared to the Root raised cosine (Roll-off 0.22).

The two impulse responses under consideration meet the same requirements with respect to

· bandwidth efficiency and FCC compliance

· adjacent channel protection

· amplitude distribution

But with its shorter time support the Kaiser-Bessel pulse will reduce the computational expense for generating the modulated signal as well as the receiver complexity. Therefore we propose this pulse as pulse shaping filter for the both FDD and TDD mode of UTRA, as a replacement for the root raised cosine 0.22 in the document S4.01(FDD) and S4.02(TDD).
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Annex A : FCC part 24

§ 24.238 Emission limits.

(a) On any frequency outside a licensee’s frequency block, the power of any emission shall be attenuated below the transmitter power (P) by at least 43 +10 log (P) dB.

(b) Compliance with these provisions is based on the use of measurement instrumentation employing a resolution bandwidth of 1 MHz or greater. However, in the 1 MHz bands immediately outside and adjacent to the frequency block a resolution bandwidth of at least one percent of the emission bandwidth of the fundamental emission of the transmitter may be employed. The emission bandwidth is defined as the width of the signal between two points, one below the carrier center frequency and one above the carrier center fre-quency, outside of which all emissions are attenuated at least 26 dB below the transmitter power.

(c) When measuring the emission limits, the nominal carrier frequency shall be adjusted as close to the licensee’s frequency block edges, both upper and lower, as the design permits.

(d) The measurements of emission power can be expressed in peak or average values, provided they are expressed in the same parameters as the transmitter power.

(e) When an emission outside of the authorized bandwidth causes harmful interference, the Commission may, at its discretion, require greater attenuation than specified in this section.
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