September 2006

doc.: IEEE 802.22-06/0158r3

IEEE P802.22
Wireless RANs

	Initial signal processing of captured DTV signals for evaluation of detection algorithms

	Date:  2006-09-06

	Author(s):

	Name
	Company
	Address
	Phone
	email

	Suhas Mathur
	Qualcomm
	5775 Morehouse Drive, San Diego, CA 92121
	(858)-651-4845
	smathur@qualcomm.com

	Rahul Tandra
	Qualcomm 
	5775 Morehouse Drive, San Diego, CA 92121
	(858)-845-1970
	rtandra@qualcomm.com

	 Steve Shellhammer
	Qualcomm
	5775 Morehouse Drive, San Diego, CA 92121
	(858) 658-1874
	shellhammer@ieee.org

	Monisha Ghosh
	Philips
	345 Scarborough Road, Briarcliff Manor, NY 10510
	(914) 945-6415
	monisha.ghosh@philips.com





Revision History

	Rev
	Date
	Description

	R0
	August 15, 2006
	Initial document, giving a list of steps required to process the RF captures and MATLAB code for performing the processing


	R1
	August 23, 2006
	Included MATLAB code for a square root raised cosine filter. Corrected some errors.

	R2
	August 29, 2006
	Made an edit to step 2 in section 1 regarding the use of only a ‘brick wall’ filter.
Added a section on the choice of filter.

Edited the MATLAB code to remove provision for the use of a Square Root Raised Cosine filter.

Deleted the MATLAB code for a Square Root Raised Cosine filter.

	R3
	September 6, 2006
	Edited the document such that it is no longer mandatory to use a ‘brick wall ‘ filter. Instead, the signal in the 6 Mhz band will be used for measuring signal power and for scaling the signal appropriately to meet the target SNR, receiver noise added and the signal + Noise filtered through a filter of the evaluators choice. The filter must, however, meet certain specs regarding the rejection of signal outside the 6 Mhz band. The use of a practical filter with bounds on out of band attenuation and ripple is recommended.
In section 2, specifications for a practical filter have been proposed (TBR).

MATLAB code was edited to reflect these changes. 

Code for the practical filter to be used has not been included




1. Steps involved in processing DTV signal files
The following describes a sequence of steps for processing captured DTV signals. The method used for encoding the RF captures (reproduced here for convenience) has been described in [1] as
The recorded DTV channels were sampled at 21.524476 Msamples/sec and down converted to a low central IF frequency of 5.381119 MHz (one fourth the sampling rate). The analog-to-digital conversion of the RF signal used a 10-bit or a 12-bit A/D. Each sample was encoded into a 2-byte word (signed int16 with a two’s complement format). To encode a field ensemble of 25 seconds, 1.05 G Bytes were needed. An 8 MHz bandwidth IF filter was used when capturing the signals.
Steps 1-3 are performed once for each DTV signal.  Steps 4-6 are performed multiple times so as to be able to produce multiple realizations of the noise.

	
	

	Step 1: 

	Read an appropriate number of samples from one of the DTV signal files.


	Step 2:
	Measure the signal power in the 6 Mhz band. (DTV signal files contain signal filtered through an 8 Mhz wide filter)


	Step 3:
	Generate white noise sampled at 21.524476 MHz. The noise power used is the receiver noise power.

	
	

	Step 4:
	Use the measured signal power in the 6 Mhz band and the noise power in the same band to scale the signal appropriately to meet the desired signal to noise ratio.

	
	

	Step 5:
	Add the noise and the scaled signal.


	Step 6:
	Filter the signal + noise using a practical filter with a specified ripple and attenuation outside the 6 Mhz band.


NOTE: The length of signal samples from a DTV capture that is used for estimation of the signal power should be significantly larger to get an accurate estimate of the signal power. The length of the sample sequence required for the actual detection algorithm might be smaller. 
2. Choice of type of filter to use

The use of a practical filter with specification on the out of band attenuation and ripple is recommended. This is to ensure that out of band signal power is not relied upon by a detection algorithm for the purpose of DTV signal detection. 

fIF = Center frequency (in Mhz) for the 6 Mhz DTV signal capture available

x (Filter cutoff width in Mhz) = 6.5 Mhz (TBR)
y (Attenuation at filter cutoff frequency in dB) = 40 dB (TBR)

Attenuation at (fIF + x/2) and (fIF – x/2) Mhz = y dB
r (maximum in band ripple) = 0.5 dB (TBR)

Note, however that for the purpose of determining how to scale the signal before adding noise in order to meet a target SNR, we consider only the signal power (and noise power) in the 6 Mhz band. This is equivalent to considering the signal and noise to be filtered through an ideal brick wall filter of width 6 Mhz, only for the purpose of measuring their respective in-band powers.
3. MATLAB Code
Main signal processing block – takes as input the signal read from the DTV signal file, target SNR and type of filter to by used for filtering (brick wall or square root raised cosine). Produces as output, the signal + noise sequence.
	function [signal_plus_noise_at_passband] = standard_block(target_SNR, signal);
%declaring constants:
filter_bandwidth = 6 ; % in Mhz
sampling_freq = (684/286)*9; ; % in Mhz
filter_center_freq = sampling_freq/4; % in Mhz
ThermalNoise = -174; % dBm/Hz
NoiseFigure = 11; % dB
%Computing the noise power:
NoisePSD = ThermalNoise + NoiseFigure; % dBm
Bandwidth = sampling_freq * 10^6; %white noise at sampling rate of 21.52 Mhz
NoisePower = NoisePSD + TodB(Bandwidth); % in dBm
noise_scale_factor = sqrt(FromdB(NoisePower)); % Variance of the noise to be used
%Genrating noise with the noise power computed above:
generated_noise = noise_scale_factor * randn(1, length(signal));
%filtering the signal and the noise:
%Arguments passed to the filter are: (signal to be filtered, passband width of filter (in %Mhz),center frequency of filter (in Mhz), sampling rate in MHz)
    filtered_signal = passband_brickwall(signal, filter_bandwidth, filter_center_freq , sampling_freq );
    filtered_noise = passband_brickwall(generated_noise, filter_bandwidth, filter_center_freq , sampling_freq);
%scaling the signal to meet target_SNR:
noise_power_of_filtered_noise =  TodB(norm(filtered_noise)^2 /length(filtered_noise)); % in dBm
power_in_filtered_signal = TodB(norm(filtered_signal)^2 / length(filtered_signal)); %in dBm
required_signal_power = target_SNR + noise_power_of_filtered_noise; %in dBm
signal_to_be_scaled_up_by = required_signal_power - power_in_filtered_signal; % in dB
scaled_signal = sqrt(FromdB(signal_to_be_scaled_up_by)) * signal; %scaled signal 
%Adding filtered noise to scaled, filtered signal:
signal_plus_noise_at_passband = scaled_signal + generated_noise;
%Filtering the signal + noise through a practical filter
filtered_signal_plus_noise = practical_filter(;signal_plus_noise_at_passband);




MATLAB function implementing a brick wall filter. Takes as input, the signal sequence to be filtered, the center frequency, the width of the filter and the sampling rate. Produces as output, the filtered signal.

	function [filter_output] = passband_brickwall(signal, baseband_filter_width, f_center, f_s)
signal_fft = fft(signal);
fir = 10000; %length of filter impulse response = 2 * fir + 1
f_cutoff = baseband_filter_width / 2; %cutoff freq of the equivalent LPF
f_shift=f_center; % center freq of the passband filter
W_c = 2*pi*(f_cutoff)/(f_s); 
n = [-1*fir: fir];
h_lpf_left = sin( W_c*[-1*fir:-1]) ./ (pi*[-1*fir:-1]);
h_lpf = [h_lpf_left W_c/pi fliplr(h_lpf_left)];
h_lpf_passband = 2* (h_lpf.*cos(2*pi*(f_shift)/(f_s) *n));
H = fft(h_lpf_passband, length(signal));
filter_output = ifft(H .* signal_fft);



MATLAB function ‘TodB’ used in the function ‘standard_block’ above
	function PdB = TodB(P)
% Converts from Linear scale to dB Scale
PdB = 10*log10(P);


MATLAB function ‘FromdB’ used in the function ‘standard_block’ above
	function P = FromdB(PdB)

% Converts from Linear scale to dB Scale
P = 10^(PdB/10);
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Abstract


This document describes a method to process the captured ATSC DTV signals for the purpose of using the captured data for the purpose of evaluating detection schemes. This is important to ensure all evaluations are compared with respect to a common basis.  In particular, by using this process the signal-to-noise ratio (SNR) is calculated the same way for all simulations.





Some detection schemes may require knowledge of the pilot frequency. A separate estimator for the pilot frequency (not covered here) may be used for this purpose. 











Submission
page 1
Suhas Mathur, Qualcomm Inc.

