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APPENDIX X
PROPAGATION EXPERIMENTS AND SIMULATIONS

X.1 Measurement of the channel propagation characteristics at 1.5 GHz carried out in Canada

The Canadian Broadcasting Corporation (CBC), the Canadian Association of Broadcasters (CAB), the Department of Communications (DOC) and its Communications Research Centre (CRC) jointly carried out some studies and field tests to evaluate the properties of L band (frequencies in the 1 500 MHz range) as a suitable frequency band for a terrestrial digital sound broadcasting service.

Propagation tests were performed in Ottawa and Montreal from June to August 1991.  A 1 497 MHz unmodulated carrier was used to perform coverage measurements and a flat spectrum 7 MHz bandwidth RF signal generated by a pseudo-random bit sequence (PRBS) was used to assess the impact of channel bandwidth on selective fading.  These signals were transmitted at an effective radiated power (e.r.p.) of 8 kilowatts.  The transmitting effective height above average terrain (HAAT) was 68 m in Ottawa and 230 m in Montreal.  Coverage assessment, channel bandwidth effects on frequency selective fading as well as indoor reception measurements were done using an experimental omnidirectional 1.5 GHz receive antenna (vertical monopole).  Indoor measurements were performed with a field strength meter whereas fixed and mobile outdoor measurements were carried out with a special mini-van equipped with a sophisticated measurements system that automatically sampled and recorded the field strength every eighth of a wavelength (i.e., 2.5 cm).  This high sampling rate facilitated the characterization of selective fading.

As an aid to test planning, coverage predictions were made using a CRC VHF/UHF propagation software program (PREDICT) which is based on a combination of various prediction models and adjustment factors, and uses terrain topography data.  Measurement routes were selected in various environments (i.e., dense urban, urban, suburban and rural areas) including particular possible trouble spots such as predicted coverage gaps, suspected gaps, underpasses, tunnels as well as measurements at the anticipated limit of coverage.  In total, 1 680 eight-hundred-metre sections consisting of about 53 million measurement points were recorded.  In designing the test and analysis procedure, the expected performance of current digital sound broadcasting systems was considered.

X.1.1 Effect of channel bandwidth

The information about the improvement of service availability lies in the distance in decibels between the cumulative distribution curves of the different bandwidths, at specific percentages of service availability.  These distances (see Fig. X.1) show the increasing multipath fade margin as the channel bandwidth is increased from 100 kHz to 5 MHz in the different multipath environments.  The fade margin can be interpreted as the possible saving in transmit power relative to that needed for a 100 kHz channel bandwidth system, for an equivalent service availability objective.

Figure X.1 shows that for service availability objectives lower than 50%, the improvement in fade margin remains in the order of 1.5 dB for a dense urban area.  Significant improvement is observed for service availability objectives of 90% or greater.  Each curve can be divided into two sections, the first part being from 100 kHz to a bandwidth value that corresponds to a knee in the curve, the second part being from the knee position to the 5 MHz bandwidth value.  The criterion used to consistently locate the knee position is to find the point along the 99% service availability curve that corresponds to a 1 dB reduction of the fade margin value obtained at 5 MHz.

FIGURE  X.1

Improvement in multipath fade margin, dense urban environment
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FIGURE A.1

Improvement in multipath fade margin, dense urban environment
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This method of quantifying the effect of the bandwidth on the multipath fade margin was applied to the eleven zones and the results are summarized in Table X.1.  This table shows the improvement in multipath fade margins as the channel bandwidth is increased from 100 kHz to 5 MHz for service availability objectives of 90% and 99%.

TABLE  X.1

Multipath fade margins for service availabilities of 90% and 99%

	Type of environment
	Knee
position
	Typical improvements in fade margin
(dB)

	
	(MHz)
	100 kHz-to-knee
	Knee-to-5 MHz

	
	
	90%
	99%
	90%
	99%

	Dense urban
	1.8
	5.4
	8.6
	0.5
	1.0

	Urban
	1.6
	4.5
	7.0
	0.6
	1.0

	Suburban
	1.9
	4.1
	8.1
	0.6
	1.0

	Rural, forest
	1.7
	3.7
	6.0
	0.7
	1.0

	Rural, open
	1.1
	1.2
	1.8
	0.7
	1.0


Typically, the 90% service availability objective curves show an improvement in the order of 4 dB, from 100 kHz to the knee (1.1 to 1.9 MHz), and an improvement remaining below 0.7 dB, from the knee to the 5 MHz bandwidth value.

It appears that an appropriate choice for a channel bandwidth is a value around 2 MHz.  Below 2 MHz, the multipath fading increases abruptly while above 2 MHz the improvement in fade margin is generally not very significant.

The same results were also analyzed from a different direction.  In this case, the analysis of the data was made to identify the effect of the signal bandwidth on the variability of the received signal field strength for different environments (rural, suburban and urban), both in small and large areas, in order to give more insight on the amount of additional power required to increase the location coverage percentage from 50% to 99% as suggested in §8.1.4 for the 1.5 GHz band.

It is noted that the terrain where these measurements were made (i.e., city of Ottawa) is relatively smooth and does not correspond to a degree of terrain irregularity (h of 50 m as assumed in the former Recommendation ITU-R PN.370, thus resulting in less variability than what is reported in that Recommendation.

Large areas are represented by 800 metre long routes, corresponding to 4 000 (, whereas small areas are represented by 12.5 metre routes, corresponding to 62 (.  A large area is characterized by the presence of shadowing which is due to terrain features and man-made obstructions.  In a small area, the effect of shadowing is relatively constant, and the dominant cause of field strength variation is multipath.

A mobile receiver is exposed to fading from both shadowing and multipath.  A narrow-band signal is greatly affected by multipath, and the resulting large variations of the field strength non-negligible when estimating the service availability to the mobile receiver.  A wideband signal, however, is less affected by multipath fading.  In the context of a DSB service to vehicular receivers, it is useful to study both factors contributing to the signal variations (i.e., shadowing and multipath).

An example of the data used is shown in Fig. X.2, which depicts a CW signal seen by a mobile receiver in an urban area.  The relative field strength (normalized to the mean) is shown as a function of the receiver location along the measurement route.  It can be seen in the large area that multipath causes fast and very deep fades, while a rather slow variation of the envelope of the signal reveals the presence of shadowing due to tall buildings.

FIGURE  X.2

Relative signal variation (dB) of a CW signal as seen in a large area and a small area by the mobile unit, with the corresponding cumulative distribution function
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FIGURE A.2

Relative signal variation (dB) of a CW signal as seen in a large area and a small area

by the mobile unit, with the corresponding cumulative distribution fonction
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A magnified view of the received signal as a function of location, presented as the small area, shows that multipath causes large signal variations resulting from signal cancellation between the various scattered signal components.  This variation of the resulting signal field strength usually corresponds to a Rayleigh distribution.

The effect of the signal bandwidth is illustrated in Figs. X.2 and X.3.  These show the variation of a received signal in an urban environment, as seen over a large area, and also as seen in a small segment of this large area.  The corresponding cumulative distribution functions (CDF) are also presented, where the dotted line shown as reference is the theoretical cumulative Gaussian distribution function, and the solid line represents the cumulative distribution of the measured signal levels.  The results for a CW signal are shown in Fig. X.2, while Fig. X.3 shows the results for a signal with a bandwidth of 1.47 MHz.

As can be seen from these figures, the 1.47 MHz bandwidth signal exhibits much less multipath fading than the CW signal, and the wideband signal’s CDF is closer to the reference Gaussian CDF than that of the CW signal’s CDF.

FIGURE  X.3

Relative signal variation (dB) of a 1.47 MHz signal as seen in a large area and a small area by the mobile unit, with the corresponding cumulative distribution function
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FIGURE A.3

Relative signal variation (dB) of a 1.47 MHz signal as seen in a large area and a small area

by the mobile unit, with the corresponding cumulative distribution fonction
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Another measure of the impact of the bandwidth is the standard deviation (SD) of the received signal levels.  Table X.2 presents values of SD for various signal bandwidths and environments, as determined for small area measurements.

The difference in SD between the CW signal and the 1.47 MHz wide signal is around 4 dB for urban environments, and in the order of 3 dB for suburban and rural.  Measurements with CW signals were not available to verify this last value but the general trend suggests that it is a reasonable estimate.  These results show that a CW signal in a small area is not Gaussian distributed (or log normal when the field strength is expressed in linear units) and that by widening the signal bandwidth, the Rayleigh component due to multipath is progressively eliminated so that the resulting signal approaches the Gaussian distribution.  Statistics of field strength variations in small areas are useful for planning the local service availability for vehicular receivers, but they cannot be used for planning the overall coverage.

TABLE  X.2

Standard deviation (SD) in small area, for different environments
and signal bandwidths

	Environment
	Narrowband
	Wideband

	
	CW
	30 kHz
	1.47 MHz
	3.00 MHz

	Urban
	5.4 dB
	4.3 dB
	1.6 dB
	1.3 dB

	Suburban
	N/A
	3.6 dB
	1.7 dB
	1.4 dB

	Rural
	N/A
	3.4 dB
	1.3 dB
	1.3 dB


Table X.3 illustrates the impact of signal bandwidth on the SD in a large area.  The narrowband signals are still very much affected by multipath and their SD values are in the order of 3 dB higher than that of the wideband signals.  The SDs of the wideband signals are more representative of the shadowing component than the multipath component, as was the case for small area.  This is supported by the good matching of the theoretical and measured large area CDF curves in Fig. X.3.

TABLE  X.3

Standard deviation (SD) in large area, for different environments
and signal bandwidths

	Environment
	Narrowband
	Wideband

	
	CW
	30 kHz
	1.47 MHz
	3.00 MHz

	Urban
	6.2 dB
	5.3 dB
	3.2 dB
	3.1 dB

	Suburban
	N/A
	6.2 dB
	4.6 dB
	4.3 dB

	Rural
	N/A
	5.8 dB
	4.6 dB
	4.2  dB


It can be concluded that, in the case of vehicular and portable reception, in addition to the shadowing component, multipath fading contributes to an increase of the signal variation, making the standard deviation larger than without the presence of multipath.  Increasing the signal bandwidth to 1.47 MHz helps to diminish the impact of multipath, therefore bringing the standard deviation of the received signal over a large area closer to what is predicted by Recommendation ITU-R P.1546 which is based on narrow-band received levels averaged over small areas.
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Abstract


This document is an Appendix to an ITU-R Handbook on Digital Sound Broadcasting.  It contains results of field measurements undertaken by CRC in the 1990’s to establish a link between the fading of a signal and its bandwidth.  The expected variability of a signal in a frequency selective channel can therefore be predicted as a function of its bandwidth.














� Rec. ITU-R PN.370 has since been superseded by Rec. ITU-R P.1546
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