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WRAN Multipath Channel Considerations

1 Channel multipath considerations

Communication systems having to operate in a mobile environment are faced with a high level of RF signal echoes, produced by signals bouncing of various surfaces surrounding the receiver and resulting in multipath conditions at the receiver.  In fact, RF reflections from terrain features and ground structures seem to be omnipresent at most frequencies (see section 1.2).

Multipath is less of a problem for systems using very directional receiving antennas, such as point-to-point systems, since the antenna discriminates among the various received RF paths.  This is also true, although to a lesser extent, for point-to-multipoint systems such as TV reception with roof-top mounted Yagi-type antennas.  This advantage is lost when one tries to receive TV signals using  “rabbit-ear” indoor antennas with the well-known appearance of ghosting on the picture.  

A multipath channel is rather difficult to deal with, especially when the direct path is not present (frequently leading to Rayleigh fading).  It typically produces frequency selective fading within the transmitted channel, reducing the received signal power and producing major signal distortion, which translates into inter-symbol interference (ISI) in the case of digital transmission.  Some variation of the multipath characteristic of the channel can also take place due to moving vehicles close to the terminals and wind which induces variation in signal paths reflexcted from trees and leaves.  This creates a spreading of the signal in the frequency domain.  This phenomenon is known as the Doppler spread of the channel.   Such time-varying distortion, although limited in the case of static operation, needs to be considered in the case of a point-to-multipoint operation.  Although the amplitude variation is limited, the channel signature can change completely in relative phase among the various echoes.

1.1 Multipath model

An extensive amount of work has been done to characterize the multipath, which occurs in the UHF range.  The main reference is the work done in Europe as part of the development of the GSM mobile radio system.  Although this work was done for mobile communication, some useful information could be extracted for fixed point-to-point operation by considering the somewhat limited directivity of the user terminal antennas (typically 60º in low UHF).  The GSM channel characterization work resulted in the following four mobile channel models, each representative of a different geographical environment, developed by the COST 207 committee on Digital Land Mobile Radio Communications [1]:
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Figure 1:  Multipath power delay profile for rural areas
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Figure 2:  Multipath power delay profile for urban areas
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Figure 3:  Multipath power delay profile for typical hilly terrain
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Figure 4:  Multipath power delay profile for bad case hilly terrain

Extensive field measurements were carried out in the US as part of the EIA/NRSC DAR effort in the 1992-1995 period [2] as well as in Canada, conducted by the CRC during the same time period [3].  All these results tended to confirm the validity of the COST 207 model, and similar models were used to derive the multipath parameters used to simulate typical channels in the EIA/NRSC DAR system tests [2].  Usually simulating a multipath channel is done using a number of discrete signal paths according to the above power delay profiles.  This is a good approximation of the real phenomenon appearing in the field and corresponds to a finite set of ‘specular’ reflections.  In reality, the transmission channel produces ‘specular’ as well as ‘diffused’ echoes and the total effect is a composite of these multiple echoes.

1.1.1 Multipath versus frequency

During the EIA-DAR laboratory tests, the question arose whether channel models similar to those used in COST 207 would be applicable to VHF and L-Band frequencies.

There is unquestionably a significant frequency dependence in terms of propagation losses – the attenuation resulting from diffraction around objects or penetration through them almost invariably increases with frequency.  Multipath, however, is a different matter.  One good indicator of the amount of multipath present on a channel is the “delay spread” parameter.  One authority (Lee [4]) concludes that “the data available show that the delay spread is independent of the operating frequency at frequencies above 30 MHz”.  The explanation for this is as follows: as the wavelength increases, the energy scattered off a given object tends to decrease (more absorption and diffraction), which would decrease the amplitude of the multipath reflections.  On the other hand, path loss decreases with increasing wavelength, and these two effects tend to balance each other, making delay spread roughly independent of frequency.

A similar conclusion is reached by Springer [5], who states that “there is support for the proposition that most of the important statistical parameters are relatively constant across the VHF and UHF bands”.  This proposition is also supported by measurements previously performed by CRC.  An extensive program of L-Band measurements in different parts of Canada showed that the multipath characteristics in this band were substantially similar to those in the COST 207 models [3,1].  In addition, measurements were performed in Montreal at VHF (85 MHz) and compared with those at the same receiving locations at L-Band (using the same transmission tower), and again considerable similarity in channel characteristics was found.  A report on the results tabled at one of the EIA DAR Subcommittee meetings [6] concludes: “Although differing considerably in detail in most cases, as one would expect, we find that the VHF and 1.5 GHz broadcast-to-mobile channels have the same basic characteristics.  Both frequently exhibit characteristics which can be well represented by Rayleigh models [i.e., those used in COST 207, and the frequency of occurrence increases with the complexity of the environment, which is certainly no surprise.  Perhaps more surprising is the fact that the predominant sources of multipath appear to often be the same in both bands, judging from the similarity of the scatter plots… the results to date support the thesis that multipath effects are relatively frequency-independent over a wide range in the VHF/UHF bands, and that Rayleigh channel models are a good representation of “real world” conditions in complex environments.”

1.1.2 Effect of echoes with large excess delay

Long-delay echoes are produced by the RF signal reflecting from large and distant structures such as neighboring mountains.  With light propagating at 300 m/(sec, an echo with a 20 (sec excess delay results from an RF signal having gone through a 6 km longer RF path than the direct path.  Because of the extra spreading loss and partial absorption of energy by the reflecting surface, this long echo is usually received at much lower power than the direct path.  A large body of field measurements exists to show that echoes beyond about 20 (sec are usually negligible for the coverage range expected for WRAN.  This is fortunate because they are the ones most difficult to correct.  For example, if the direct path is not available or is attenuated at the reception point, the presence of such a long echo will create inter-symbol interference unless an equalizer operating over such a large equalization window or the presence of a symbol guard interval (cyclic prefix) of that size included in a multi-carrier modulation can remove it.  

1.1.3 Effect of echoes with medium excess delay

Echoes with excess delays in the range between about 1 (sec and 10 (sec are the most prominent.  They are produced by reflective surfaces in the neighborhood of the receiver or transmitter.  They correspond to excess path lengths of 300 m to 3 km.  These echoes are clearly the most powerful and the most numerous, due to the probability of finding sizeable reflecting surfaces in this range.  Communication systems must compensate for these echoes.   For wideband signals, these echoes produce frequency selective fading within the transmission channel and create inter-symbol interference in typical transmissions, as illustrated in Figure 5.  This can be corrected by time equalization, or by discarding the ISI present in the symbol guard interval of a multi-carrier modulation.

1.1.4 Effect of echoes with small excess delay

Short echoes are produced by the RF signal being reflected by structures close to the receiver or the transmitter.  Because of the small excess distance traveled, the reflected signal may approach the power of the direct signal if the nearby surface is very reflective for RF signals.  As an example, a 0.3 (sec echo would be produced by a 90m extra length on the reflected path.  This could be produced by a reflector located some 45 m from the receiver.  These short echoes tend to create flat fading at the receiver, depending on the channel bandwidth.  Frequency diversity is also an effective means to counter the effect of short echoes, if sufficient bandwidth is available.   If flat fading is experienced over the whole channel bandwidth, then one has to resort to antenna diversity to recover the signal.  Fortunately, the occurrence of such short echoes seems to be less than that for echoes with medium excess delay in the case where outside antennas with some directivity are used.
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Figure 5:  Inter-symbol interference resulting from channel multipath

1.1.5 Effect of pre-echoes

It is possible that the main signal is received at a lower power level than the reflected signals.  In such case, the receiver will have to work in presence of pre-echoes and still synchronize, and either equalizing it or discard it.  Because of the geometry involved in these signal reflection, attenuation and blockage, the extend of such pre-echoes is typically less than the post-echoes.  A typical window for these pre-echoes is typically found to be around 5 μsec.

2 Channel bandwidth versus frequency selective fading performance

A modulation system that is capable of fully taking advantage of a multipath environment (i.e., operating on the power sum of all echoes) is able to fully correct the effect of frequency selective fading due to multipath.  However, in the case of echoes with very small excess delays, which would produce flat fading over the entire transmission channel bandwidth, this modulation system will unfortunately have no means to recover the signal during these fades.

The only means to reduce the occurrence of this defect is to use a wider channel bandwidth, thus limiting the range of short echoes that will bring the system in a flat fading situation.  The results of a field measurement program undertaken by the CRC were reported to the ITU-R in 1993 [7].  A wideband pseudo-noise signal was transmitted by a 1.5 GHz high power transmitter over the Ottawa region and was received by a spectrum analyzer with a range of IF filter bandwidths.  The statistics of flat fading occurrence were analyzed.  Figure 2 summarizes the findings.  These results were used to confirm the need for a minimum channel bandwidth to allow adequate frequency diversity to cover for short echoes in a typical channel.  The results showed that the channel bandwidth has a major impact on the possible reduction in transmitter power for a same service availability.

The information about the possible reduction in transmit power for a given service availability lies in the difference in decibels between the cumulative distribution curves of the different bandwidths, at specific percentages of service availability.  Figure 2 shows that significant reductions in required transmit power can be obtained by increasing the channel bandwidth to avoid flat fading due to close-in echoes.  These curves represent a different way of showing the probability of occurrence of these echoes in a way that is readily usable for system design consideration.  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 widest bandwidth measured (5 MHz). The criterion used to consistently locate the knee position is to find the point along the 99% service availability curve that corresponds to 1 dB transmit power increase as compared to the value obtained at 5 MHz.

This method of quantifying the effect of the bandwidth on the required transmit power was applied to different types of reception environments for an omni-directional antenna and the results are summarized in Table 1. This table shows the possible reduction in transmit power as the channel bandwidth is increased from 100 kHz to 5 MHz for service availability objectives of 90% and 99%.

Typically, the 90% service availability objective curves show a reduction in required transmit power in the order of 4 dB, from 100 kHz to the knee (1.1 to 1.9 MHz), and a reduction remaining below 0.7 dB from the knee to the 5 MHz bandwidth value whereas this reduction is in the order of 8 dB for 99% service availability.
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Figure 2:  Reduction in required transmit power resulting from a widening of the transmission channel bandwidth (Dense urban, Ottawa)

	Type of environment
	Knee position

MHz
	Typical reduction in required transmit power (dB)

	
	
	100kHz-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


Table 1:  Multipath fade margins for service availabilities of 90% and 99%

The minimum transmission channel bandwidth for WRAN should therefore be around 2 MHz for the types of channels and reception installation assumed. Below 2 MHz, the multipath fading due to micro-reflections increases rapidly.

3 Artificial multipath conditions created by single-frequency network

When on-channel repeaters are used to extend or improve a coverage area, the typical rules of the COST 207 model no longer apply.  The amplitude of the echoes no longer typically decreases monotonically with the excess delay.  In fact, the amplitude of these echoes becomes dependent on the location of the receiver relative to the various re-transmitters.  Delayed echoes may become more powerful than earlier echoes if the receiver gets closer to the re-transmitters emitting these delayed echoes.  This translates into a potential for a large amount of pre-echoes .  Furthermore, depending upon the distance between these on-channel repeaters, the echoes produced may have very large excess delays, well beyond those typically seen for passive echoes.  This creates more demanding conditions at the receiver than a typical multipath environment.

In the multi-transmitter case, different signals can reach the receiver with the same amplitude.  The equal power echoes create some especially difficult conditions at the receiver.  As an example, the channel tracking algorithm of most time equalizers cannot converge under these conditions.  Any receiver which relies on predictive algorithms for tracking channel conditions will not be able to acquire the signal properly, resulting in reception failure even though there is adequate signal power available.

4 Conclusions

As a result of the above transmission channel considerations, the WRAN system should be able to withstand the presence of multipath signals of up to 20 μsec excess delay and 5 μsec pre-echoes.  Such pre- and post echoes could be as powerful as the main signal or any other echo falling within this interval.  The minimum bandwidth that should be considered to minimize the effect of flat fading should be 2 MHz.

Finally, if on-channel repeaters are to be implemented as part of the WRAN deployment, a much larger window over which multipath signals will need to be corrected will be needed.  The extent of this window will depend on the physical distance among these on-channel repeaters and the base station.
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Contribution to the discussions that are to take place in the WRAN Channel Model Sub-group.
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