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1. Background 

In 1989, Canadian broadcasters serving on a feder­
al government advisory commit tee on broadcast 
technical research projects began to p romote the 
concept of a national strategic plan to foster the 
convers ion of our radio broadcast ing system from 
the current analogue m o d e to digital. A key ele­
ment of this plan included obtaining full t r i - la teral 
cooperat ion involving the public and private 
broadcast ing sectors, as well as federal govern­
ment depar tments and agencies . 

This jo in t p lanning and research proposal dove­
tailed with work already being done on Digital Ra­
dio Broadcas t ing (DRB) within the Canadian 
Broadcas t ing Corporat ion (national publ ic radio) , 
the Canadian Associa t ion of Broadcasters (repre­
senting private broadcasters) , and the former De­
par tment of Communica t ions (now part of Indus­
try Canada) . The basic idea was accepted in 
principle by all part ies and an a d - h o c organizing 
group was created. 

While digital sound broadcasting tends 
to be regarded as a European interest, 
much valuable work is being done in 
other countries, and in Canada in 
particular. 

The present article presents the 
wide-ranging collaborative study 
programme under way in Canada. 

The results will be of interest in 
Europe, too, since thestudies include 
detailed consideraion of the 1500 MHz 
band, which has so far received 
relatively little attention elsewhere, at 
least in comparison to the research 
effort deployed at frequencies near 
200 MHz. 

Observing developments in D R B technology in 
Europe , the group decided to sponsor live D A B 
demonstra t ions in Canada as a means of stimulat­
ing interest. This first close look at digital radio in 
Canada was carried out in 1990, with the coopera­
tion of the Eureka 147/DAB Project. It involved 
installations in four cities that permit ted test t rans­
miss ions and demonstra t ions at 800 M H z . 

Early in the preparat ions, it was decided to c o n c e n ­

trate first on the terrestrial services, to be fol lowed 
by the satellite services some t ime in the fututre 
when a sufficient number of receivers became 
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available. This article thus focusses on the terres­
trial D R B . 

1.1. Planning organization 

The high degree of enthusiasm for D R B that was 
generated by this project led to the eventual cre­
ation of a p lanning organization consist ing of three 
au tonomous but closely coordinated groups. 
These are the Task Force on the Introduction of 
Digital Radio, the Digital Radio Coordinat ing 
Group of the Joint Technical Commi t t ee on Ad­
vanced Broadcast ing ( JTCAB) , and Digital Radio 
Research Inc. (DRRI) . 

The Task Force was created in 1992 by the federal 
minister responsible for communica t ions and is an 
umbrel la advisory body on all matters concerning 
D R B . In reality, it is Canada ' s "Platform G r o u p " 
on D R B and deals with the h igh- leve l policy and 
regulatory issues. 

J T C A B is a technical advisory group, providing 
expert advice on all facets of new broadcast 
technology. It conducts all the D R B engineer ing 
tests and evaluat ions now being undertaken. 

D R R I is a private D R B research company, joint ly 
owned by the Canadian Broadcast ing Corporat ion 
and several large private radio broadcast ing com­
panies . It owns and operates all of the country ' s ex­
per imental D R B hardware and conducts public 
demonstra t ions of the technology. In short, it is the 
"operat ing a rm" of the publ ic /pr ivate /government 
cooperat ive. Financing for D R R F s work comes di­
rectly from the owner groups and from govern­
ment research grants . 

1.2. Experimentation to date 

Immedia te ly prior to W A R C - 9 2 , the J T C A B con­
ducted the first field tests of L - b a n d D R B , using 
Eureka 147/DAB hardware . This was undertaken 
to generate technical support for Canada ' s 
W A R C - 9 2 posit ion, which r ecommended a new 
allocation of spectrum for D R B in the region of 
1450 M H z . Our D R B vision calls for the establish­
ment of a mixed system, whereby both satellite and 
terrestrial services would co -ex i s t in the same 
band. 

Fol lowing the successful results of W A R C - 9 2 , 
where 40 M H z of new D R B spectrum was allo­
cated on a w o r l d - w i d e basis , Canada m o v e d force­
fully ahead with its plan to refine its strategy. To 
date, D R R I has constructed exper imental L - b a n d 
D R B transmitters in our two largest radio markets , 

covering 2 5 % of the country ' s total populat ion. 
Two additional cities are under considerat ion for 
1995. Local stations are part icipating actively in 
both promot ion and technical experimentat ion at 
each D R B site. 

1.3. Canada's DRB rationale 

Historically, Canada has been a follower rather 
than a leader with respect to the deve lopment and 
utilization of new broadcast technologies . Being a 
leader has its risks, but remaining a follower means 
giving up a significant degree of control over the 
future of one ' s industry. In the present case, our 
broadcasters wanted to take the lead and thus en­
sure that a full range of technical options could be 
pursued for radio in the next century. 

Canada ' s aggressive posit ion on D R B originates 
from a concern that Europe has developed an ele­
gant technology, but that its initial implementa t ion 
plans were considered to be unsuited to North 
America . On the other hand, the U S concept of im­
plement ing D R B in the present A M / F M bands 
would place unacceptable constraints on these new 
services. In particular, Canada considers that nar­
r o w - b a n d D R B would severely limit the potential 
of this new technology to do all the things neces­
sary to rejuvenate radio in the 1990s and beyond. 

The key factors leading radio broadcasters to con­
clude that a convers ion to digital t ransmission is 
vital are as follows: 

- Broadcast ing is part of Canada ' s national elec­
tronic communica t ion infrastructure, which is 
convert ing rapidly to the digital mode . 

- Ana logue A M / F M delivery cannot provide the 
quality that the public has come to expect , due 
to the increasingly widespread use of CDs and 
other digital audio devices. 

- Digital techniques permit much more reliable 
off-air service to a major audience component 
- the portable and mobi le listener. 

- Radio studios are moving to digital for opera­
tional reasons and it makes sense to deliver this 
high quality all the way to the listener. 

- Digital t ransmission permits "pay r ad io" and 
has extra capacity for auxiliary data t ransmis­
sion, thus providing potential new revenue 
sources for broadcasters . 

- Cable operators are poised to deliver h i g h -
quality, very reliable digital signals to local ra­
dio audiences . 

To ease the transition to D R B for both the public 
and the broadcasters , the fol lowing general policy 
principles have been advocated: 
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- Digital radio services should be designed pri­
marily as replacements for existing local terres­
trial A M / F M services and not as a new "t ier" of 
radio service. 

- Exist ing local A M / F M services should each be 
provided with a new transmission channel for a 
parallel digital service. Simulcasts may have to 
cont inue for 10 -15 years. 

- Terrestrial D R B service areas should closely 
approximate the principal market areas of exist­
ing A M / F M stations. 

- Adequa te capacity for auxiliary data services 
should be included within the data mult iplex. 

- A future satellite componen t should be p lanned 
for during the implementa t ion of the terrestrial 
component . 

- A w i d e - b a n d t ransmission technology should 
be utilized, so as to ensure C D quality, h igh sig­
nal reliability, and m a x i m u m spectrum efficien­
cy. 

- N e w wideband digital t ransmissions should be 
implemented in the L - b a n d spectrum 
( 1 4 5 2 - 1 4 9 2 M H z ) that was allocated for digital 
audio broadcast ing virtually wor ldwide at 
W A R C - 9 2 . 

The latter two proposals are very controversial , es­
pecially internationally, and require some explana­
tion. Canadian broadcasters have supported the 
choice of a w i d e - b a n d D R B service, using L - b a n d 
spect rum exclusively, because of the following 
considerat ions: 

- It permits signals with much wider bandwidth , 
thus providing superior audio quality overall , 
much improved reception reliability, and virtu­
al immuni ty to mult ipath. 

- It ensures that new digital services cannot possi­
bly interfere with current A M / F M services dur­
ing the transition period. 

- It permits a terrestrial, satellite, or mixed ser­
vices approach by any country and provides for 
economical , sha red-cos t implementa t ions . 

- It uses less power (per service) than F M , and 
permits extensive control over the shape of cov­
erage areas. 

- It has the capabili ty of providing considerable 
auxiliary data capacity, which will al low radio 
broadcasters to be part of the future " informa­
tion h ighway" , providing a robust p o i n t - t o -
mult ipoint data distribution system especially 
suited for data services requiring mobi le and 
portable reception. 

- L - b a n d appears to be the only c o m m o n denom­
inator with respect to D R B implementa t ion in 
all countries (except the U S A ) , thus ensuring 
that receivers that will tune to this band will be 
produced in large quantit ies. 

The Task Force accepted these principles, and has 
developed a series of recommendat ions to the fed­
eral government as to how best to achieve them. 
Key among these is the requi rement to provide 
each existing A M and F M licensee with the L -
band D R B channels required for the migrat ion of 
its services over an extended period. Other impor­
tant r ecommenda t ions concern the specific ar­
rangements for "dupl ica t ing" A M and F M cover­
age and certain l icensing matters , such as the issue 
of control when shared transmitters are used. 

These principles are being used in the preparat ion 
of the al lotment plan which is descr ibed in Section 
4. Before starting the planning process , however , 
system specifications and performance had to be 
identified and analysed through simulation activi­
ties and field measurements and trials. These are 
descr ibed in the following two sections. 

2. Canadian studies on 
system performances 

W h e n Canadian broadcasters examined the char­
acteristics of the Euraka /147 D A B system, it be­
came clear to them that it held the potential to meet 
many of their requirements and expectat ions for a 
terrestrial/satellite sound broadcast system of the 
future. The system was then tested in the field and 
in the laboratory. The laboratory tests included a 
series of s imulat ions designed to acertain op t imum 
values for a number of system parameters . 

2.1. Parametric study of the 
COFDM emission scheme 

Some prel iminary results of a parametr ic study on 
the C O F D M emiss ion scheme which has been per­
formed by computer simulation are presented 
here, leading to the parameter values best suited 
for implementa t ion of a mixed terrestrial/satellite 
service at 1.5 GHz . 

2.1.1. Computer simulation model 

General model 

A block d iagram of the model used for the analysis 
and simulation of the C O F D M scheme is shown in 
Fig. 1. The data source generates a pseudorandom 
binary sequence. The information bits are then er­
ror protected by means of a convolut ional encoder. 
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After being lime and frequency interleaved, the 
bits are paired into d i -b i t s and phase encoded dif­
ferentially. The O F D M modula t ion is finally per­
formed by means of an inverse fast Fourier trans­
form (IFFT). After being processed through the 
mobi le channel , the received O F D M signal is first 
demodula ted with an FFT. The information on 
each subcarrier is then differentially phase de­
coded and de- in te r leaved in frequency and in t ime. 
The output of the de- in ter leaver is quant ized be­
fore being fed to the Viterbi decoder. 

Perfect synchronizat ion and perfect (br ick-wal l ) 
filtering were assumed in the simulat ions reported 
here. Effects of automatic gain control , phase noise 
generated in receiver local oscillators as well as 
non- l inear i t ies in transmit or receive equipment 
have not been considered. As the model so far rep­
resents a perfect implementa t ion of the C O F D M 
transmitter and receiver, the results represent the 
best possible performance for the given channel 
distort ions. 

Mobile channel models 

Both terrestrial and satellite mobi le channels have 
been simulated. The model of the terrestrial mobi le 
channel consists of approximately 40 paths each 
having a fixed delay t[, a fixed Dopple r shiftf\ and 
equal relative attenuation which corresponds to a 
given mult ipath power delay profile. Fol lowing 
the fading process , whi te noise is added to the sig­
nal prior to demodula t ion. 

The model of the mobi le satellite channel is essen­
tially a Rician fading process which includes a di­
rect path and a Rayleigh fading path with a fading 
rate that can be set to different values. In addit ion 
to the mult ipath channel characterist ic, addit ive 
white noise is combined with the signal after the 
fading process . 

2.1.2. Simulation discussion and 
results 

The C O F D M parameters investigated were the 
t ime interleaving depth, the number of soft deci­
sion quantizat ion levels, the constraint length of 
the convolut ional code and the performance of 
M o d e III in mobi le satellite channels . 

Time interleaving depth 

The purpose of this first series of simulat ions is to 
determine the optimal t ime interleaving depth val­
ue. Simulat ions were performed with M o d e III in 
both typical urban (TU) and rural area (RA) mobi le 
terrestrial channels at vehicle speeds of 18 and 
145 km/h . The E^/N,, values required to achieve a 
bit error rate (BER) of 10~ 4 were determined as a 
function of the t ime interleaving depth. This latter 
parameter was varied from 48 to 768 ms. The re­
sults show small degradat ions (at most 1 dB in the 
R A channel) as the t ime interleaving depth is re­
duced from 768 to 384 ms . Be low 384 ms , the deg­
radation increases rapidly in both channels . A t ime 
interleaving depth value of 384 ms is thus a good 
compromise be tween delay and performance. 

Soft decision quantization levels 

This series of s imulat ions is des igned to assess the 
degradat ions in performance result ing from a re­
duction in the number of levels used to quant ize the 
input to the Viterbi decoder. This parameter has an 
impact on the complexi ty of the Viterbi decoder. 
Eight quantizat ion levels is the opt imal choice in 
the addit ive whi te Gaussian noise (AWGN) chan­
nel, but may not be sufficient in a mobi le channel . 
In order to provide some answers to this quest ion, 
s imulat ions were performed in both the T U and 
R A mobi le channels as well as the A W G N chan­
nel. A vehicle speed of 72 km/h was used in the 
mobi le channels . The total symbol duration was 
156.25 ms (Mode III) and the t ime interleaving 
depth had a value of 384ms . The E t / N 0 values re­
quired to achieve a B E R of 10~ 4 were determined 

Figure 1 
Genera l mode l of the 

D R B s y s t e m . 
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as a function of the number of quantizat ion levels. 
This latter parameter was varied from 2 (1 bi t /sam­
ple, hard decision) to 32 (5 bi ts /sample) . The re­
sults show no significant increase in the value of 
E t / N 0 as the number of quantizat ion levels is re­
duced d o w n to 8 in the A W G N channel and down 
to 16 in both T U and R A channels . Be low these 
two values, the degradat ion increases rapidly. Sim­
ilar results were obtained at higher vehicle speeds. 
A quantizer with 16 levels (4 bi ts /sample) is thus 
opt imal in mobi le channels . A quantizer with a 
higher resolution is required in mobi le channels 
(as compared to the A W G N channel) to retain the 
information contained in the large fluctuations of 
the received signal envelope. 

Convolutional code constraint length 

In this series of s imulat ions, the effect of reducing 
the constraint length of the convolut ional code 
from the proposed value of 7 was determined. The 
complexi ty of the Viterbi decoder g rows exponen­
tially with the constraint length value. The curves 
of B E R versus E t / N 0 were measured in both the 
T U and R A mobi le channels at vehicle speeds of 
18 and 200 km/h and for constraint length values 
of 5 and 7. The total symbol duration was 156.25 
ms (Mode III) and the t ime interleaving depth had 
a value of 384 ms. Results for the T U channel indi­
cate that reducing the constraint length from 7 to 
5 causes a degradat ion of approximately 1.5 dB at 
a B E R of 10~ 4 and a vehicle speed of 18 km/h . The 
degradat ion reaches approximately 2 dB at a speed 
of 200 km/h for the same B E R value. Similar re­
sults were obtained in the R A channel . 

Performance of mode III in mobile satellite 
channels 

The purpose of this s imulat ion was to assess the 
performance of the M o d e III parameters in mobi le 
satellite channels . The B E R vs E i / N 0 curves were 
measured in Rician channels with A-factor values 
of - 1 0 and - 5 d B . The vehicle speed was set to 72 
km/h so that the m a x i m u m Doppler spread 
associated with the Rayleigh fading was fmax = 
100 Hz. A Dopple r shift (f a ) of 0 Hz (correspond­
ing to a satellite elevation angle of 90°) and 50 Hz 
(corresponding to a vehicle mov ing at 72 km/h to­
wards a satellite at an elevation angle of 60°) was 
applied respectively to the direct path. The results 
indicate that with a A-fac tor o f - 1 0 d B , the E b / N D 

value needed to achieve a B E R of 1 0 " 4 is 8 dB for 
a satellite elevation of 90° and 8.5 dB for an eleva­
tion of 60° . These values increase to approximate­
ly 13.3 and 14.5 dB respectively when the A-fac tor 
is increased to - 5 dB. 

2.2. Transmission mode 

The transmission mode to use at 1.5 G H z is very 
important in Canada ' s studies of the op t imum 
D R B system parameters . The modes in the Eureka 
147/DAB system were decided upon prior to 
W A R C - 9 2 and hence were not opt imised for op­
eration at 1.5 GHz . N o w that the W A R C - 9 2 has al­
located the 1.5 G H z band for D R B essentially on 
a w o r l d - w i d e basis, it would be very beneficial, 
and possibly even necessary, to opt imize the trans­
mission m o d e for operation at 1.5 G H z in order to 
achieve world wide acceptance of the Eureka 
147/DAB standard. 

The choice of the op t imum transmission m o d e at 
1.5 G H z is based on the t rade-off be tween the 
probabil i ty of the service being affected by the 
Dopple r spread of the channel at high vehicle 
speed when the symbol per iod is long (due to the 
close proximity of the carriers in the frequency do­
main) , versus the disadvantage of a short guard in­
terval in the t ime domain which would restrict the 
use of on -channe l repeaters to shorter separation 
distances, thus requiring more on -channe l trans­
mitters to achieve a given coverage. This t rade-off 
be tween the high availability of service for ve­
hicles moving at high speed and the cost of imple­
ment ing a D R B transmitter network, is very com­
plex. The conclusions that are developed here are 
based on our exper ience in the field with the opera­
tion of the Eureka 147/DAB system at 1.5 GHz , on 
measurements on the equipment using a hardware 
channel simulator, as well as extensive computer 
s imulat ions. 

The use of single frequency networks (SFN) has 
long been recognised as a key feature of the new 
modulat ion scheme (i.e. C O F D M ) proposed in the 
Eureka 147/DAB system. This important feature 
was clearly identified in the case of V H F use, and 
to a lesser extent in the case of the higher U H F 
bands . Since W A R C - 9 2 has allocated the 1.5 G H z 
band, a lmost wor ldwide for D R B , this band has be­
c a m e the focus of the D R B work in Canada . The 
search for this op t imum mode of operat ion in­
volved striking a suitable ba lance be tween system 
failure caused by channel impairment in the fre­
quency domain (Doppler spread), and failure due 
to temporal channel impairment (echo spread in­
cluding presence of widely separated active 
echoes in S F N operat ion) . Fur thermore , in our cur­
rent approach for p lanning D S B at 1.5 GHz , S F N 
operat ion has b e c o m e a critical e lement in meet ing 
the requirements . 

Our findings, so far, indicate that, for 50 km trans­
mitter separat ions in an SFN, even though a guard 
interval duration of 166.7 \xs is required if three 
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transmitters are to be included within the guard in­
terval zone, values as small as 90 u,s may be suffi­
cient to min imize the i n t r a -SFN interference li­
mitat ions, depending on the envi ronment and the 
type of terrain. The suitable balance be tween guard 
interval duration and Doppler spread limitation 
would then tend to fall somewhere be tween M o d e 
II, as proposed in the draft ESTI specification, and 
a new "Mode 1.5" which is a logical extension of 
M o d e I with half its symbol durat ion. This new ref­
erence " M o d e 1.5" is easily defined as fitting ex­
actly be tween the current Modes I and II in the geo­
metrical progression of the currently proposed 
three system modes . The guard interval for this 
M o d e 1.5 would be about 125 sec, double that of 
the current M o d e II. 

Our findings are that the desired m o d e falls close 
to either M o d e II or the new M o d e 1.5 respectively, 
depending on whether the emphas is is on the avail­
ability of the service to vehicles moving at high 
speed, or on the m i n i m u m cost and m a x i m u m flex­
ibility in implement ing a S F N transmitter network. 
Even though the op t imum operat ing point for 50 
km transmitter separation is somewhere be tween 
this new M o d e 1.5 and the current M o d e II, it may 
be easier from a practical point of view to simply 
include M o d e 1.5 as part of the emiss ion system. 
If only Modes II and 1.5 could be provided, the 
choice of m o d e could be made by the system oper­
ator depending on whether the broadcasters need 
reliable S F N operation with fewer transmitters or 
sustained service availability at high vehicle 
speed. 

2.3. Technical evidence for choice 
of transmission modes 

• 2.3.1. Guard interval considerations 

Computer simulations 

When the transmitter separation is too large for the 
guard interval provided, certain zones within the 
service area b e c o m e affected by i n t r a - S F N inter­
ference. This interference is due to the excessive 
delays of some of the received S F N signals which 
then have a destructive effect rather than providing 
network gain. The topography of the service area 
determines to a great extent the probabili ty and the 
size of the zones affected by i n t r a - S F N interfer­
ence . In order to appreciate the severity of the 
problem, computer s imulat ions were conducted 
with three- t ransmit ter S F N systems in six Cana­
dian cities characterised by their varied topograph­
ic features. In each case, the transmitter separation 
was about 50 km. The simulat ions were also con­
ducted for a reference case using augmented pre-

diction curves from ITU Recommenda t ion 370 as­
suming a flat terrain with a 50 metre terrain 
roughness factor. 

Fig. 2 shows the results of this exercise. The ordi­
nate values represent the carrier to i n t r a - S F N in­
terference ratio that is exceeded for more than 9 0 % 
of the locations within the service area, for differ­
ent values of guard interval. One of the curves is 
the reference case obtained with the curves of Rec­
ommenda t ion 370, assuming flat terrain and a 
roughness factor h= 50m, while the second curve 
gives the average and the standard deviat ion val­
ues (a ) obtained by using the specific terrain eleva­
tion data in the field strength predict ions for the six 
cities. These curves show that for 50 k m spacing, 
larger guard interval values provide a significant 
increase in interference margin to mit igate i n t r a -
S F N interference. For example , a 17 dB difference 
is noted be tween 62.5 [is and 125 u,s on the s ix-c i ty 
average curve. As is to be expected, the C/I values 
tend to infinity for guard interval values of 166 [AS 
and beyond since the signals from all t ransmitters 
then fall within the guard interval zone. 

These results of computer s imulat ions show that 
there would be considerable benefits to be gained 
in terms of improved coverage and consequent ly 
reduct ion in E R P requirements from an increase of 
the guard interval beyond that provided by M o d e 
II. 

Field measurements 

Based on limited coverage tests performed on the 
Bar r ie -Toronto 82 k m SFN, and more recently on 

Figure 2 
Rela t ive level of 

in ter ference c a u s e d by 
S F N ne tworks , as a 

func t ion of the guard 
in terva l . 
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Figure '3 
Resu l ts of s tudy of 
Dopp le r sp read in an 
u rban channe l . 

the M o n t r e a l - R i g a u d - L a c Echo (53 km) SFN, it 
was found that the occurrence of outages caused by 
interference resulting from active echoes from 
widely spaced adjacent transmitters , arriving out­
side the guard interval with sufficient relative 
power to cause outage, was very dependent on the 
width of the guard interval. Al though it is expected 
that these outage occurrences can, in some cases, 
be corrected by opt imizing the S F N parameters 
(e.g., ERP, EHAAT, the relative signal delays, the 
use of t ransmit antennas with directional radiation 
pattern or the addit ion of l o w - p o w e r local gap fill­
ers), it is found that a l imited guard interval can 
place significant engineer ing constraints in imple­
ment ing large area SFNs and achieving high cov­
erage availability. For example in the B a r r i e -
Toronto field tests, which used 2nd-genera t ion 

Eureka 147 receivers employing a 32 u.s (Mode III) 
guard interval, it was est imated that the number of 
measured outages result ing from insufficient 
guard interval would have been reduced by 7 0 % by 
using a 64 \is guard interval. Indications are that a 
larger guard interval than M o d e II would greatly 
improve the coverage without having to require 
special engineer ing measures such as indicated 
above with the resultant savings in capital and op­
erating costs. 

To summarize , the use of a larger guard interval 
minimizes the design constraints for S F N imple­
mentat ion, improves the efficiency of S F N opera­
tion at 1.5 GHz , maximizes the flexibility in locat­
ing the transmitters in SFNs and reduces the need 
for additional on -channe l transmitters to provide 
the required service availability. In the case of the 
use of coverage extenders , where the signal is 
p icked up off-air, the width of the guard interval is 
even more important since the interference-free 
distance be tween omni-d i rec t iona l re - t ransmi t ­
ters is half that needed in SFNs . 

2.3.2. Doppler spread considera Hons 

An increase of the guard interval duration will, 
however, tend to make the system less immune to 
the effects of channel Doppler spread effects and 
equipment frequency stability. 

Computer simulations 

Compute r s imulat ions were carried out, based on 
the parameters of M o d e II and the new M o d e 1.5, 
and the results are given in Fig. 3a and 4a for the 
T U and R A cases respectively. In all cases, Ray­
leigh fading (classical U - s h a p e d Doppler spec­
trum) was used on all paths . Because of the Ray­
leigh fading and the fact that there is no 
l ine -of - s igh t path, this actually represents a diffi­
cult condit ion for the rural channel . The signal am­
pli tude on each of the paths was defined according 
to the C O S T 207 model and actual field measure­
ment results. As indicated on the graphs, these re­
sults correspond to B E R values of 10~ 3 and 1 0 " 4 . 
It is felt however , that the level of audio quality 
produced by the decoder at a B E R = 1 0 - 3 would, 
except for very critical audio material , be suffi­
cient in a moving vehicle because of the increase 
in ambient noise at high vehicle speed. Since the 
factor of 2 in m a x i m u m vehicular speed was found 
to apply be tween Modes II and 1.5, the results for 
M o d e I were simply extrapolated by a factor of 2 
from those obtained for M o d e 1.5. 

Hardware measurements 

Measurements were conducted on actual 3 r d -
generat ion Eureka 147 hardware for Modes I and 
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II through a channel s imulator (HP 11759C), to 
confirm the validity of the results. The results for 
two urban models are shown in Fig. 3b. Both 
models are based upon the C O S T 207 "typical 
u rban" recommenda t ion for 6 -pa th U H F channel 
simulation. In one version, the first two paths are 
Rayleigh fading (classical U - s h a p e d Dopple r 
spectrum), whereas the remaining four have dis­
crete Doppler components which approximate the 
Gaussian spectrum recommended in the T U 
model . In the second version, all six paths are Ray­
leigh faded with U - s h a p e d Doppler spectrum, 
which produces very difficult reception condi­
tions. This latter model is similar to the one used in 
the computer s imulat ions. In both cases, and espe­
cially in the case of the fully Rayleigh case, the 
measured performance is somewhat worse than 
that predicted through simulation. Another effect 
also seems to appear in the case of M o d e I which 
tends to make the measurement worse ; that is the 
effect of the residual phase noise in the system 
which will tend to make the system fail at lower 
speed. 

The results for the rural models are shown in 
Fig. 4b. One of the models is based upon the C O S T 
207 "rural a rea" recommenda t ion ; it includes a 
first path with a Rician distribution, and the re­
maining paths are Rayleigh. The Rician A-fac tor 
for the case shown was about 2 d B . The other mod­
el is based upon a wideband channel measurement 
performed in a rural area near Tro is -Riv ieres , 
Quebec ; in this case, all six paths were model led as 
Rayleigh fading ( U - s h a p e d Doppler spectrum), 
producing a " w o r s t - c a s e " scenario. This latter 
model is similar to the one used in the computer 
s imulat ions. This is confirmed by the close corre­
spondence be tween the speeds for which the sys­
tem fails completely in both s imulated and mea­
sured cases for both Modes I and II. As expected, 
the failure m o d e measured in the case of the C O S T 
207 model with the Rician componen t occurs at 
much higher speed. This Rician propagat ion mod­
el will be typical of most cases of recept ion condi­
tions in rural environment , especially in the case of 
h ighway reception where local clutter is min imi­
zed. 

Field measurements 

Results of actual field measurements conducted in 
the Montreal area are shown as dots on Figs. 3 
and 4. The findings, from field measurements us­
ing the 3 rd-genera t ion hardware operat ing in 
Modes I and II, tend to indicate that, in the urban 
case, the results are very consistent with the results 
measured in laboratory, thus support ing the validi­
ty of the models used on the hardware simulator. 

The only clear difference is that the system seemed 
to need a m i n i m u m 15 dB of Eb /No to operate in 
the field, probably due to hardware implementa­
tion and possibly due to calibration error. W h a t is 
important , however, is the shape of the curve and 
not its absolute posit ion on the vertical axis. Again, 
the results for M o d e I were found to be slightly 
more severe than expected, likely due to the effect 
of equipment phase noise that caused a reduct ion 
in the margin. Because of the excessive speeds re­
quired, only a few significant data points indicat-

( a ) S imu la t ions a n d f ie ld m e a s u r e m e n t s . 

F igure 4 
Resu l ts of s tudy of 

Dopp le r s p r e a d in a 
rural channe l . 

BER = 10~4 

BER - 10~3 

Measurements - Mode I (BER = 10~3) 
Measurements - Mode II (BER = 10~3) 
Highway measurements - Mode I (BER = tO"3) 
SFN, 2 Rician channels - Mode II (BER = 10~3) 

(6) Labora to ry and f ie ld m e a s u r e m e n t s . 

Rician + Rayleigh (BER = 10-4) 
Rayleigh - Trois Rivieres (BER = 10~3) 
Measurements - Mode I (BER = 10~3) 
Measurements - Mode II (BER = 10~3) 
Highway measurements - Mode I (BER = 10~~3) 
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ing the effect of Doppler spread could be obtained 
on h ighways with the system operat ing in M o d e II. 
This showed in pract ice the comfortable headroom 
that M o d e II offers at 1.5 G H z against Dopple r 
spread. 

In the rural case, the field results for M o d e I opera­
tion indicate a better situation than predicted, even 
though the data points have a relatively large dis­
persion, indicat ing the variability of the phenome­
non. Clearly, line of sight reception (Rician chan­
nel) is a major factor in rural coverage. The 
anticipated service deterioration at 1.5 G H z due to 
Doppler spread effects for M o d e I was found to be 
not as severe as previously expected because most 
of the t ime, line of sight reception exists which re­
duces the effect of Doppler spread with the receiv­
er tracking the Dopple r shift of the main signal (Ri­
cian case) . In fact, if the m a x i m u m speeds found 
for h ighway envi ronments for M o d e I were to be 
doubled to provide an est imate of the sys tem per­
formance for M o d e 1.5, the m a x i m u m vehicle 
speed would be no less than 90 km/h . 

The effect of recept ion in a S F N environment 
needs to be looked at carefully since a worse chan­
nel situation can be created by the presence on a 
number of active echoes of equivalent power, all 
being affected by different Doppler shifts caused 
by the vehicle displacement . In such a case, in the 
rural environment , a benign Rician channel can be 
translated into a more difficult Rayle igh channel 
due to the presence of these active echoes . The ex­
tent of locat ions where the reception of these active 
echoes at relatively equal power will occur is how­
ever somewhat l imited. This has to be considered 
in establishing the probabil i ty of the service being 
affected by this phenomenon . 

Discussion 

Since the key element , in the context of the D o p ­
pler spread, is the speed of the vehicle, the level of 
audio quality produced by the decoder at B E R = 
1 0 " 3 is expected to be sufficient, except for the 
most critical audio material for a moving vehicle 
because of the increase in ambient noise at h igher 
speed. The point of failure due to Doppler spread 
should therefore be considered for B E R = 10~ 3 . It 
was found that M o d e II gives a solid performance 
in all practical field situations. On the other hand, 
M o d e I is clearly insufficient for operat ion at 
1.5 G H z since the system fails at speeds as low as 
40 km/h. However , the new M o d e 1.5 would pro­
vide adequate service for mos t situations of mov­
ing vehicles (system breaking at 8 0 - 1 0 0 km/h in 
both urban and rural envi ronments with no strong 
l ine -o f - s igh t component ) , a l though not securing 

the solid headroom that is observed with M o d e II. 
Because of the obvious speed l imitation in 
obstructed urban areas and the l ikelihood of larger 
margin due to the probable presence of higher 
f ie ld-s t rengths close to transmitters , the urban 
case is not seen as constraining. 

In the case of rural reception, it is expected that the 
channel type will be Rician in most of the cases, es­
pecially on h ighways where the vehicles can m o v e 
at high speed since these h ighways are usually ele­
vated relative to the surrounding terrain and have 
l imited clutter in the immedia te environment . The 
cases depicted in Fig. 4a for the rural channel are 
therefore clearly the worst case since they repre­
sent the fully obstructed Rayleigh channel with no 
direct path. In practice, it is expected that M o d e 1.5 
will allow vehicle speeds markedly higher on 
h ighways than shown in the Figure . In the case of 
reception in a S F N environment , the channel mod­
el for rural recept ion tends to become closer to a 
Rayleigh channel when a number of active echoes 
is received at equivalent power. This results in a 
more severe constraint on the a l lowable vehicle 
speed and corresponds closely to the obstructed 
Rayleigh case described above as can be seen on 
Fig. 4a. In such a case, the presence of a number 
of active echoes will tend to improve the reception 
quality except that at high vehicle speed, the re­
cept ion will b e c o m e impaired by the effect of the 
Rayle igh channel , thus reducing the improvement 
due to the ne twork gain. The extent of the actual re­
duction of service availability in such a c i rcum­
stance is hard to establish since it depends on a lot 
of statistical variables. 

One e lement that should be considered in estab­
lishing this t rade-off be tween the point of failure 
due to Dopple r spread and the use of large geo­
graphical separations in a S F N is that the probabi l i ­
ty of failure due to Dopple r spread is based on the 
jo in t probabil i t ies of a vehicle travelling at high 
speed, moving through a difficult reception envi­
ronment , and with signal reception near threshold. 
The conjunction of these three events makes it less 
probable and should be taken into considerat ion in 
selecting the m o d e of operation based on practical 
condi t ions. Al lowing the use of this M o d e 1.5 
would give the broadcaster the possibili ty to verify 
the extent of failure in the case of high speed ve­
hicles and use the best m o d e for the specific broad­
casters ' operat ion. 

• 2.3.3. Effect of carrier phase noise 

Concern had been raised that manufacturers may 
have difficulty meet ing tighter tolerances especial­
ly on the receiver local oscillator if a longer symbol 
period at 1.5 G H z was employed . S o m e measure-
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merits were therefore made on actual 3 rd -genera -
tion equ ipment and the results are presented in 
Fig. 5. It was found that the tolerances were not as 
tight as expected and in fact, the current prototype 
implementa t ion of the 1.5 G H z R F front end meets 
the requi rement even for M o d e I. This explains 
why reliable measurements using M o d e I could be 
done in the field with this equipment . It is therefore 
expected that the phase noise tolerance for a new 
M o d e 1.5 would be currently achievable . Further­
more it is anticipated that vo lume product ion of re­
ceivers , capable of meet ing the requirements to op­
erate in M o d e 1.5 at 1.5 G H z , will be technically 
feasible within five years. It is therefore concluded 
that this should not be a constraining factor in the 
decision to include a n e w M o d e 1.5 in the emiss ion 
standard. 

• 2.3.4. Conclusion regarding mode 

Consider ing the impor tance of be ing able to pro­
vide efficient and flexible large area S F N opera­
tion at 1.5 GHz , it is bel ieved that operat ion with 
a larger guard interval than offered by M o d e II 
(62.5 \is) would be advantageous . Whi le M o d e II 
was found to work well , through compute r s imula­
tion, with wide transmit ter separation in a S F N for 
smooth terrain envi ronment , it is expected that 
specific engineer ing measures will be needed to 
operate with such large transmit ter separat ions in 
a less uniform environment . The introduct ion of 
M o d e 1.5 would greatly facilitate the implementa­
tion of S F N with large transmitter separations and 
thus would provide more flexibility in the localiza­
tion of these transmit ters . 

l igible. At the receiving antenna, a t rade-off exists 
be tween the polar izat ion purity of a circularly po ­
larized receiving antenna with inherent losses 
associated with increased complexi ty of the feed 
structure, and the use of a s impler linearly polar­
ized antenna with the 3 dB loss from recept ion of 
only half the power. Improved frequency r e - u s e 
based on or thogonal polar izat ion is not anticipated 
for this service. In the case of the terrestrial seg­
ment , vertical polar izat ion is assumed since verti­
cal a l ignment can be mainta ined in most cases. 

It is further assumed in this study that if a technolo­
gy like Eureka 147 (i.e. that makes construct ive 
use of the signal reflections) is used, there is no ad­
vantage in using a uni -d i rec t ional receiving anten­
na, since the advantage of using reflections from 
various directions to sustain a proper received 
power would be lost. 

Depend ing on the type of satellite orbit used for the 
service, the receiving antenna requirements could 
be somewha t different. In the case of geostat ionary 
satellites, the signal would be received at a specific 
elevation angle depending on the lati tude and the 
longi tude difference be tween the satellite at the re­
ceiving location. A fixed antenna which can be 
a imed at the satellite could be directional while a 
car antenna would have to be omnidirect ional in 
the horizontal p lane but could be opt imized for 
m a x i m u m gain at the given elevation angle . In the 
case of a highly elliptical orbit (e.g. Molnya orbits) 
having its apogee at local zenith, the receiving an­
tenna for vehicular applicat ion could be opt imized 
for m a x i m u m gain towards the zenith. 

Figure 5 
Phase no ise 
to le rance of 

3 r d - g e n e r a t i o n 
E u r e k a - 1 4 7 D A B 

equ ipmen t . 

2.4. Receiving antenna 
characteristics for mixed 
terrestrial/satellite sound 
broadcasting 

A critical e lement in developing the mixed concept 
is a receiving antenna which al lows recept ion from 
both terrestrial and satellite t ransmissions in the 
same frequency band. Resul ts of early studies in­
vestigating the technical feasibility of such anten­
nas are reported in this section. 

2.4.1. System assumptions 

It is a ssumed that the polarizat ion used for the sat­
ellite segment would be circular because polar iza­
tion a l ignment at the receiver in the case of vehicu­
lar and portable recept ion would be difficult to 
maintain. Fur thermore , Faraday rotat ion in the fre­
quency range considered for the service is not neg-

Mode I (channel errors) 
Mode I (audio failure 
Mode II (channel errors) 
Mode II (audio failure) 
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• 2.4.2. Types of antenna for mixed 
satellite/terrestrial service 

Receiving antennas should be able to receive from 
both satellite and terrestrial t ransmitters without 
need for physical reconfiguration. The antennas 
would need to be of relatively small size and mini­
m u m complexi ty for low cost implementat ion. 
The best radiation pattern for the receiving antenna 
in the context of a mixed service using a geosta­
tionary satellite would be a near -hemispher ica l 
pattern with a m a x i m u m gain at the m i d - r a n g e of 
the elevation angle at which the satellite is received 
over the whole service area (e.g. 5 dBic (copolar 
gain relative to isotropic)) and still enough gain to­
wards the horizontal direction to al low for terres­
trial reception (e.g. 0 dBi) . Three generic types of 
antennas could be used to al low reception of satel­
lite and terrestrial t ransmissions in the same fre­
quency band: 

Fixed pattern 

Antenna structure which provides adequate gain 
towards both satellite and terrestrial t ransmitters . 
Typically, such an antenna would be of t u n e d - w i r e 
structure or microstr ip structure with complemen­
tary ground plane to produce a c i rcu la r ly -symmet­
rical pattern in the horizontal plane. Some imple­
menta t ions can give up to 6 dBic at a given 
elevation angle whi le still maintaining a 0 dBi gain 
in the horizontal direction. 

Switchable pattern 

Integrated double antenna structure which al lows 
separate and better opt imizat ion of the satellite and 
terrestrial coverage. The antenna feed would be re­
motely switched with the channel selection on the 
receiver. T u n e d - w i r e or microstr ip structures 
could be used for the satellite reception and a 1/4 
vertical monopole or 0 -o rde r mode microstr ip 
patch would be used for terrestrial reception, both 
producing a c i rcu lar ly-symmetr ica l pattern in the 
horizontal plane. This could produce a gain of 5 
dBic in the satellite direction while providing 
some 6 dBi in the horizontal plane. 

Electronically-steerable pattern 

More complex structures based on phased arrays 
providing higher o n - a x i s gain (e.g. 15 dBic for 4 0 
x 60 beamwid th) which could be steered automat i ­
cally at satellite or terrestrial t ransmissions or even 
towards a predominant echo. The tracking system 
would automatical ly adjust for the mixed terres­
trial/satellite service. The tracking sys tem would 
need to maximize the amount of power present in 

the selected channel , thus the receiver IF section 
would need to be included in the optimizat ion 
loop. These features would probably only be avail­
able on receivers in the higher price range. Also, 
the size of the active phased array is likely to be 
larger. 

• 2.4.3. Active antennas 

Passive antennas, either mast type (helix design) or 
low profile type (printed microstr ip type) and in 
the case of phased arrays, all suffer the prob lem of 
bulkiness. Latest deve lopments in active antennas 
show promises for a reduct ion in size through the 
use of integrated active amplifying and phase 
shifting e lements . These active e lements provide 
more flexibility in pattern shaping, size reduction 
(as m u c h as 50%) and smaller substrate thickness. 
Al though initially more complex , it is possible that 
through vo lume product ion, these techniques can 
be used even for consumer type receiving installa­
tions. 

2.5. Receiver front end for the 
mixed terrestrial/satellite 
concept 

The applicabili ty of the mixed concept depends on, 
a m o n g other things, the feasibility of a receiver 
front end capable of receiving radio broadcasts 
from satellite, as well as from terrestrial t ransmit­
ters. Research work was undertaken to first estab­
lish the receiver front end architecture and key 
componen t s performance specifications such as 
compress ion point, dynamic range, selectivity, 
synthesizer frequency steps, etc. Then a compute r 
s imulat ion p rogram was used to study the perfor­
mance of the front end and to do parametr ic studies 
to further refine the design. 

2.5.1. Receiver front end architecture 

Several conflicting requirements must be ad­
dressed in the design of the receiver. First, the de­
sire to have a front end filter which excludes all un­
wanted dominant signals in the neighbour ing 
bands , but which passes all D R B signals, as the 
first e lement of the receiver mus t be considered in 
light of the equally important desire to establish a 
low noise figure by having a low noise amplifier as 
the first e lement after the antenna. Second, the de­
sire to provide significant gain with the low noise 
amplifier must be considered in light of the high 
dynamic range requi rement on all componen t s 
preceding the D R B channel (1.5 M H z block) 
selection filter. Third, the desire to locate the D R B 
channel selection filter before down convers ion 
(where it mus t be tunable, of high Q and subse­
quently lossy and costly) so unwanted R F signals 
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are at tenuated before exposure to the mixer, must 
be considered in light of its simplicity if located af­
ter the down conversion (where it is fixed in fre­
quency, of low Q and loss), even though the mixer 
is now exposed to more saturation. Several scenar­
ios were considered for the front end architecture 
and one was retained for further investigation. It 
interleaves low noise amplifiers and front end fil­
ters in order to suppress strong o u t - o f - b a n d inter­
ference, while establishing a good noise figure and 
avoiding compress ion before conversion. Given 
the relatively low gain of the first L N A (about 14 
dB) , a very high compress ion point is achieved 
thus al lowing many strong terrestrial D R B adja­
cent channels with minimal effect on the weak sat­
ellite signal. Further, after down conversion, it in­
terleaves amplifiers and D R B channel selection 
filters to suppress the strong adjacent channels . 
Then the A G C takes care of the large variat ions in 
signal strength with three cascaded variable gain 
amplifiers. 

• 2.5.2. Computer simulations 

The front end architecture descr ibed above was 
implemented in a specialised software p rogram 
that al lows a designer to evaluate the performance 
of an R F system based on the parameters of the in­
dividual circuit components . Tests include effects 
of cascaded gain, noise figure, l d B compress ion 
point, filters, etc. Since wideband D R B signals 
could not be s imulated with this software, C W sig­
nals were used instead. Resul ts of these simula­
tions show that in the case of C W on adjacent chan­
nels, signals can be treated adequately even in a 
situation where the receiver is tuned to a weak sat­
ellite channel adjacent to a strong terrestrial chan­
nel. A rejection of 116 dB is possible with a desired 
signal o f - 1 0 3 dBm, 1.538 M H z away from a - 3 0 
d B m unwanted signal. The s imulated sys tem has 
a dynamic range of 74 dB with a noise figure of 1.7 
d B . This conclusion is only valid for C W signals. 

3. Canadian field trials 

3.1. Objectives of the DRB field 
trial projects 

W h e n starting up a broadcast ing service which is 
based on a new encoding/modula t ion scheme, us­
ing a frequency band which is unfamiliar to broad­
casters, new territory is being charted. It is there­
fore necessary to acquire empir ical data to verify 
theoretical project ions and supposi t ions. A pr ima­
ry objective of the D R B field trials is to put the 
proper programs or mechan isms into place to ob­
tain the necessary support information. 

In the technical area, in order to plan effectively, 
information is clearly needed on many aspects of 
propagat ion at L - b a n d . We need to know how far 
L - b a n d signals carry over a variety of terrain 
condit ions, using various combinat ions of antenna 
height and power. The percentage of locat ions and 
t ime the signals are available at a receive antenna 
height of 1.5 m. are required in order to develop 
and verify an appropriate propagat ion model . The 
at tenuating effect of various kinds of bui ldings and 
ground clutter including tree foliage are also es­
sential e lements in developing planning criteria for 
D R B . F r o m an interference perspect ive, l o n g -
term propagat ion measurements (seasonal and 
daily variations) characterist ics are needed to es­
tablish D R B interference criteria and coordinat ion 
procedures with systems of the Fixed Service. 

In addit ion to propagat ion factors, we need to dem­
onstrate the feasibility and evaluate various trans­
mitter ne twork configurations such as single trans­
mitter with on -channe l coverage extenders and 
gap-f i l lers , l imited and la rge-a rea SFNs , in order 
to ascertain op t imum system parameters at L -
band. Exper ience with L - b a n d D R B receiving and 
t ransmission hardware (antennas, L N A , filters 
etc.) would be beneficial for evaluat ing the cover­
age/power/cost relat ionship. 

In the non- techn ica l area there is a need to famil­
iarize the publ ic , government and broadcast ing in­
dustry in Canada with D R B in order to establish 
the overall objectives for the new service. 

These objectives can best be met by carrying out 
p rog ramming trials, demonstra t ions and surveys, 
as well as digital audio ne tworking and p re -ope ra -
tional exper iments . 

3.2. Coverage measurements at 
L-band 

i 3.2.1. Ottawa and Montreal 
measurements 

Propagat ion measurements were performed in Ot­
tawa (Ontario) and Montrea l (Quebec) in the 
J u n e - A u g u s t 1991 t ime frame. An unmodula ted 
carrier at 1497 M H z was transmit ted at an effective 
radiated power (ERP) of 8 kW. The transmit t ing 
effective height above average terrain (EHAAT) 
was 61 meters in Ot tawa and 230 meters in M o n ­
treal. The receiving antenna employed was an ex­
per imental omnidirect ional 1.5 G H z vertical 1/4 
monopole . 

Before the tests, coverage predict ions were made 
using V H F / U H F propagat ion software p rogram 
(PREDICT) developed by the Communica t ion 
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Research Centre (CRC) . This software uses a com­
binat ion of various propagat ion models and adjust­
ment factors based on measurements , and can use 
terrain topography data including ground clutter. 
Measurement routes were selected in various envi­
ronments (i.e dense urban, urban, suburban and ru­
ral areas) including potential t rouble spots identi­
fied by PREDICT, suspected gaps, underpasses , 
tunnels as well as measurements at the predicted 
limit of coverage. In total 1680 e i g h t - hundred me­
ter sections consist ing of close to 53 mill ion mea­
surement points were recorded and analyzed. In 
designing the test and analysis procedure , the ex­
pected performance of the most developed D R B 
system was considered (i.e. Eureka 147/DAB sys­
tem). 

The fol lowing observat ions were reached from 
these prel iminary measurements : 

- Generally, L - b a n d propagat ion was found to be 
similar to propagat ion exper ience in the U H F 
television band. Measurements correlated fa­
vourably with the P R E D I C T software with re­
spect to location of coverage gaps and identifi­
cation of coverage limits, however there were 
insufficient data to de termine whether P R E ­
D I C T was capable of est imating coverage 
availabili ty to the level and accuracy required 
for D R B planning. 

- The most significant at tenuation due to tree fo­
liage occurred in areas near the transmitter 
where the signal strength was high. Recept ion 
under br idges , in underpasses and tunnels was 
not found to be more of a p rob lem than experi­
enced in the V H F / U H F bands ; 

- The received signal was found to be composed 
of two major componen ts , a direct path signal 
including some strong reflected signals, and a 
l o w - p o w e r composi te mult ipath (LPCM) sig­
nal (made up of the several l ow- leve l signals 
created by scattering and mult iple reflections) 
arriving at the receive antenna from several 
directions within varying delays. Within the 
coverage area, the average level of the L P C M 
signal was often above the D R B receiver 
threshold, thus providing for service continuity 
even when the direct signal componen t was 
strongly at tenuated or blocked. Because the 
L P C M is composed of signals from several 
directions, it is not affected nearly as much by 
major obstruct ions and tree foliage as is the case 
for the direct signal path; 

- In Ot tawa, a coverage radius of approximately 
3 5 - 4 0 k m was achieved, whi le in Montrea l a 

range of 4 5 - 6 0 km was achieved at the higher 
EHAAT. 

3.2.2. Barrie measurements 

Addit ional coverage measurements were carried 
out in Barrie (Ontario) in late 1992/early 1993. The 
terrain surrounding the Barr ie site was more irreg­
ular than average ( h 80 m) and the site a l lowed the 
transmit antenna height to be varied. F i e l d -
strength measurements of the Barrie t ransmissions 
at different transmit heights and along radials with 
varied terrain topography were made and 
compared with predict ions derived from the so­
phist icated P R E D I C T propagat ion model . 

It was concluded that it is possible to provide cov­
erage at L - b a n d with high availability, to areas 
with a radius up to approximately 45 km, even un­
der difficult terrain condit ions, using a single 
transmitter with E R P s comparable to those used in 
the V H F band. For example , with an E R P of 6 k W 
at 230 meters above ground level, 9 0 % coverage 
availability was achieved up to 50 km, while with 
an E R P of 17 k W at 97 meters , the coverage 
reached approximately 45 km. 

• 3.2.3. Trois-Rivieres measurements 

In the summer/fal l of 1993, another test t ransmis­
sion facility was establ ished in Tro is -Riv ie res , 
Quebec to further study the propagat ion and cover­
age characterist ics at L - b a n d . The Tro is -Riv ie res 
site a l lowed evaluat ions using different terrain 
condit ions and transmit t ing heights . The measure­
ment data gathered were added to the database 
made up of the 1991 Ot tawa and Montrea l L - b a n d 
measurements as well as the 1992/93 Barr ie tests. 
The Tro is -Riv ie res trials included measurements 
up to 200 k m from the transmitter as well as fixed 
recept ion sites to evaluate t ime and seasonal vari­
ability be low and above the hor izon in order to 
character ize interference at L - b a n d . The results of 
these measurements will serve to refine the propa­
gation model for terrestrial D R B at L - b a n d . 

In Tro is -Riv ie res , E R P s of 13 and 42 k W were 
used with transmit t ing height of 100 and 200 m e ­
ters, yielding es t imated D R B coverage radii vary­
ing be tween 60 to 70 km. 

3.2.4. Indoor reception measurements 

Although penetrat ion losses in bui lding material 
are higher at L - b a n d than at VHF, field measure­
ments have shown that indoor reception at L - b a n d 
may not be more of a p rob lem than exper ienced by 
F M at VHF. 
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Indoor reception field strength measurements 
were carried out in the summer of 1991, in M o n ­
treal, in various bui ldings (office bui ldings, apart­
ment bui ldings and ordinary houses) located be­
tween 0.5 to 20 k m from the transmitter site. Types 
of construct ion included fer ro-concre te with exte­
rior surfacing made of br icks, concrete or a lumi­
num, and also wood construct ion with a luminum 
facing. Indoor measurements were made on vari­
ous floors (i.e top, middle , ground and basements ) , 
at various locat ions. For reference purposes , out­
door measurements where made at ground level, 
and where possible on the roof of bui ldings. The 
fol lowing conclus ions were drawn: 

- Bui lding penetrat ion losses ranged from 3 - 3 0 
dB with typical losses in the 15 -20 dB range. 

- The penetrat ion losses near windows was typi­
cally 8 d B . 

- With the except ion of two locations at the base­
ment level, no location was found where the 
field strength was not at least 10 dB above the 
expected threshold of the D R B receiver. 

- Several locations where F M reception was in­
adequate , presented a sufficient field strength 
for satisfactory D R B reception. 

Indoor penetrat ion is possible through windows , 
and once inside mult ipath propagat ion is very ef­
fective at L - b a n d as indicated by the s t a n d i n g -
wave fields measured inside. Hence , a system like 
D R B which makes construct ive use of echos 
should work well in such an environment . Mult iple 
transmitter coverage concepts would also improve 
indoor reception by increasing the number of sig­
nal entries in bui ldings. 

3.3. System and network 
experimentation 

3.3.1. Two-site facilities 

In au tumn 1992, a two- s i t e D R B L - b a n d test 
t ransmission facility was establ ished in T o r o n t o -
Barr ie (Ontario) to invest igate the feasibility of us­
ing a synchronized S F N for large area coverage 
with transmitter spacing in the order of 80 km. This 
separation exceeds what would normal ly be con­
sidered permiss ible using M o d e III considering the 
sys tem's l imited ability to cope with echoes with 
large delays. The tests were carried out with 2 n d -
generat ion Eureka 147 D R B hardware (with a 3.5 
M H z R F bandwidth and a symbol guard interval of 
32 ^ s , i.e. M o d e III). With this hardware the size of 
the area where the signals from both Toronto and 
Barr ie arrive within the guard interval and com­
bine construct ively was l imited to approximately 

12 km. By using digital delay, the guard interval 
was "cent red" at the midpoint be tween both t rans­
mitters. 

The results of the measurements were reported to 
the CCIR in January 1993, at N A B 9 4 in Las Vegas 
and to the ITU/RS Working Party 10B meet ings in 
October 1993. It was concluded from the measure­
ments that, at least under some condi t ions, it is pos ­
sible to space transmitters at distances up to 85 k m 
in a synchronized S F N operat ing at L - b a n d even 
with the guard interval area l imited to 12 km. 
These prel iminary tests indicated that further mea­
surements were required to determine the feasibil­
ity of this concept for achieving high coverage 
availabili ty with ne twork configurations using 
more than two transmitters . 

The transmit t ing parameters for Toronto were an 
E R P of 12 kW, 364 meters above ground level (CN 
Tower) whi le those for Barr ie (located almost due 
North) were an E R P of 6 kW, 230 meters above 
ground level. Similarly to the results obtained in 
the December 1991 Toronto trials using a single 
transmitter with a lower ERP, the measured cover­
age around Toronto (northern arc) with the SFN, 
was cont inuous (close to 9 9 % locations) up to 
approximately 4 0 k m but extended farther in cer­
tain directions. It was general ly terrain l imited. 
Even in the dense ly-bu i l t h igh- r i se city centre 
character ized by heavy shadowing and strong mul ­
tipath, the recept ion was virtually perfect. 

The measured coverage in the difficult terrain 
south of the Barrie transmitter was es t imated to be 
good in 9 0 % to 9 9 % locat ions, with the except ion 
of one area, and extended up to 50 k m and more in 
some directions. Again , terrain seemed to be the 
l imiting factor. 

In some areas intermittent reception was found 
where received field strengths were be low thresh­
old due to terrain shadowing, and/or signals ar­
rived outside the system guard interval. In most 
cases these outages could be resolved by employ­
ing one or more of the fol lowing measures : 

- Use of t ransmit t ing space diversity which could 
be provided by adjacent t ransmitters located to 
the East and West, configured as a wide area 
mul t i - t ransmi t te r SFN. 

- Use of a longer guard interval longer than that 
of M o d e III. 

- Increased E R P or antenna height at Barr ie or 
Toronto. 

- Use of gap-f i l lers in affected areas. 

It was concluded also that the majority of reception 
prob lems due specifically to o u t - o f - g u a r d interval 
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Parameter Mount Royal Rigaud Lac Echo 

Coordinates long (deg, min, sec) 
lat 

73°35'32" 
45°30'20" 

74°17'42" 
45°27'04" 

74°01'20" 
45°51'48" 

Transmit frequency (vertical polarization) (MHz) 1468.75 1468.75 1468.75 

Ground height a.s.l. (m) 226 220 292 

Antenna height a.g.l. (m) 30 30 70 

Antenna beamwidth horizontal (E plane) 
vertical (H plane) 

(deg.) 
(deg.) 

360 
4 

360 
4 

120 
4 

Beam tilt (deg.) 1.5 1.5 4 

Antenna type (Tiltek) omni omni cardioid 

Antenna gain (dBd) 10.9 10.9 15.9 

Transmitter manufacturer Locus Locus Thomcast 

Transmitter output power (W) 170 17 22.5 

Transmission line loss (dB) 0.8 1.0 1.8 

ERP (W) 1500 130 42 

Table 1 
Charac ter is t i cs 
of the s ta t ions in 
the S F N . 

interference could be corrected with a larger guard 
interval (like M o d e II or longer) . Also , in some 
instances reception could be improved by using a 
better synchronizat ion strategy in the D R B receiv­
er. 

s 3.3.2. Three-site facility 

In January 1994, a three-s i te D R B exper imental 
ne twork was established in the Montreal region. 
The facility consists of three transmitt ing installa­
tions established at exist ing rad iocommunica t ion 
sites on M o u n t - R o y a l in Montrea l , in Rigaud and 
Lac Echo , Quebec . The three sites form an approx­
imate equilateral tr iangle with transmitter spacing 
of 53 km. 

In line with the Canadian D R B service objectives, 
the facilities were des igned to cover, in part, 
approximately the same area as existing h i g h -
power F M radio stations in Montrea l . The trans­
mitter spacing of 53 k m was chosen because it is 
considered to be representat ive of future D R B net­
works . D R B coverage trials in the V H F and U H F 
range have shown that, in general , it will be diffi­
cult to achieve 9 0 % to 9 9 % service availability 
with transmitter spacing greater than 5 0 - 6 0 km. 

The station parameters in the S F N configuration 
are shown in Table 1. 

The D R B equipment utilized is 3 rd-genera t ion 
Eureka 147/DAB hardware . The trials are being 
carried out using principally M o d e II parameters , 
a l though M o d e III is also being exper imented 
with. The three S F N co -channe l transmitters are 
fed by a secondary distribution ne twork with the 
signals delayed appropriately so that all t ransmit­

ters are broadcast ing the same signal in t ime syn­
chronism. 

The three-s i te facility is convert ible from a syn­
chronized SFN to a coverage extension network. 
Tests will be performed using both configurations. 
In the coverage extension trials, the Rigaud and 
Lac Echo transmitters will be fed off-air from the 
M o u n t - R o y a l station and will be rebroadcast ing 
the signal on the same frequency. The transmitt ing 
antennas at Rigaud and Lac Echo will be changed 
to directional type and re -or ien ted away from the 
main transmitter. Highly directional receiving an­
tennas will also be installed at these sites. 

Us ing both the S F N and the coverage extension 
configurations will al low: 

- the coverage extension to the west to approxi­
mate that available from a large F M station and 
permit a compar ison be tween L - b a n d D R B and 
V H F / F M coverage and cost; 

- coverage overlap of the three transmitters to 
achieve 9 0 % to 9 9 % availability and permit 
evaluation of the effectiveness of using c o -
channel t ransmit t ing space diversity; 

- appropriate transmitter spacing to evaluate 
guard interval constraints (i.e. 64 u,s (Mode II) 
and 32 \is (Mode III) with Eureka 147 3 rd -gen -
eration D R B equipment ) ; 

- the opportunity to evaluate and compare exist­
ing F M technology with the hardware and the 
economics of using L - b a n d for D R B . Also, it 
a l lows evaluat ion of the meri ts of using cover­
age extenders in lieu of SFNs for achieving cov­
erage. 

In addition, as part of the project, moni tor ing sta­
tions were established in strategic locat ions in or-
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der to moni tor and periodically verify the perfor­
mance of the three-s i te SFN, as well as to measure 
the short and long term fading of the D R B signal 
at various dis tances; inside the coverage area, at 
the edge of coverage area and over the horizon. 
The latter data will help to establish in t ra-serv ice 
interference criteria (i.e. frequency r e - u s e separa­
tion distances) and coordinat ion procedures with 
systems of the Fixed Service. With the addit ion of 
two other D R B transmitters to the three- t ransmi t ­
ter SFN, in the west and in the nor th-eas t , it would 
be possible to duplicate completely the coverage 
of the existing h i g h - p o w e r F M radio station. A di­
rect compar ison could then be made be tween a 
f ive-si te D R B S F N facility t ransmit t ing 5 to 6 ste­
reophonic CD-qua l i t y p rogrammes with a service 
availability of 90 to 9 9 % using E R P s in the 5 k W 
range, versus a 100 k W single-s i te F M transmitter 
broadcast ing only one stereo p r o g r a m m e with a 
F M radio audio quality and an availability of 
(50%, 5 0 % ) . 

Measurements to study and document the opera­
tion and performance of the two ne twork configu­
rations are being carried out. The area around and 
be tween the three transmitters is surveyed and re­
ceiver sound decoding is moni tored together with 
received power, b i t -e r ro r rate, channel impulse re­
sponse and field strength. 

The measurement p r o g r a m m e is p lanned in four 
phases : 

1) SFN testing and opt imizat ion; 

2) synchronized S F N exper imentat ion and perfor­
mance assessment; 

3) coverage extension, coverage shaping and g a p -
filling exper imentat ion; 

4) mult iple frequency ne twork experimentat ion. 

In the first phase of the measurement p rog ramme, 
relative delays, vertical beam tilt and E R P s have 
been opt imized to max imize the overall coverage 
and minimize the gaps caused by terrain shadow­
ing and by in ter- t ransmit ter interference due to 
signals arriving outside the guard interval of the 
system. 

In the second phase , the objective is to del ineate 
the coverage obtained with the S F N and identify as 
well as at tempt to relate the coverage gaps to re­
ceived power, channel impulse response, and other 
factors affecting the b i t -e r ro r rate such as phase 
noise, intermodulat ion, interference, etc. Several 
e lements contr ibute to decrease the C/N+I be low 
the receiver threshold, and their interaction needs 
to be studied. 

In the third phase , the S F N links are disconnected 
and the concept of on -channe l re- t ransmit ters 
serving as coverage extenders/shapers or gap-f i l l ­
ers is studied. Measurements to evaluate the extent 
to which this concept can be used are performed. 

At the t ime of writ ing this article, the project was 
only in the second phase and the results on the per­
formance of the SFN, currently being prepared, are 
very encouraging particularly with respect to con­
formity with predicted coverage. 

It is expected that the for thcoming measurements 
will show h o w the various transmitter ne twork ar­
chitectures for terrestrial D R B in the 1452 - 1 4 9 2 
M H z range can be used to meet the Canadian D R B 
service and coverage requirements . 

4. Planning for DRB 
implementation in Canada 

The ul t imate goal is to implement a domest ic 
mixed satellite/terrestrial D R B service for Canada 
which will meet a number of objectives. The major 
objectives for the new service, many of which 
were del ineated by the Task Force on the introduc­
tion of Digital Radio as guiding principles, are de­
scribed in Section 1.3. 

Prior to implement ing the service it is necessary to 
develop a nat ional al lotment plan to provide an or­
derly implementa t ion which will meet these objec­
tives to the extent that spectrum permits . The ter­
restrial D R B al lotment plan will contain as a 
m i n i m u m a list of the D R B networks specifying 
for each network: 

- The D R B service area defining the l icensed 
coverage area for the D R B network. 

- The listing of the A M and F M stations assigned 
to each D R B service area or ne twork (i.e. sta­
tion grouping) . This will include a meri t factor 
indicating h o w well the D R B ne twork dupli­
cates each of the A M and F M station coverages 
forming the group. 

- Frequency reuse contour for D R B network. 
This contour indicates the m i n i m u m distance 
that another co -channe l D R B service area can 
be located without result ing in unacceptable in­
terference. 

- A frequency ass ignment to each D R B network 
taking into account a future satellite componen t 
and minimiz ing the impact on exist ing fixed 
systems operat ing within the band. 
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There are three distinct steps that can be identified 
in deve lopment of a terrestrial D R B ( T - D R B ) al­
lotment plan. These are: 

- Grouping of stations and identification of cov­
erage requirements . 

- Identification of key D R B network parameters 
that impact on the spectrum usage and system 
implementat ion. 

- Priorit izing and assigning frequencies to the 
ne tworks . 

These steps are discussed in the fol lowing sec­
tions. 

4.1. DRB coverage planning 

Terrestrial D R B in Canada is being p lanned as a re­
p lacement for the A M and F M radio services. 
Hence important objectives that have been identi­
fied in developing an al lotment plan are that it be 
capable of providing exist ing A M and F M stations 
with a D R B channel and that the D R B coverage 
area duplicate as closely as possible the defined 
coverage area of the analogue service it is intended 
to replace. The difficulty in fully meet ing this du­
plication objective results from the need to group 
a number of analogue stations to form a single 
D R B station or ne twork in order to obtain good 
spect rum efficiency and minimize the cost of D R B 

implementat ion. Planning is based on the assump­
tion that up to five analogue stations can be accom­
modated within one D R B station or network. This 
considerat ion, coupled with the large variance in 
the size and shape of A M and F M coverage areas 
serving a given region or market area, makes 
grouping of stations that achieves both good spec­
t rum e f f i c i e n c y a n d c o v e r a g e d u p l i c a t i o n v e r y d i f ­

ficult. 

The Task Force on the introduction of Digital Ra­
dio established a set of guiding principles for de­
veloping D R B service areas for F M and A M re­
placement . In summary these principles state that 
D R B coverage planning for A M and F M stations 
should be based on permit t ing: 

- The replacement of the largest coverage F M 
station serving the communi ty or market area. 
D R B coverage replacement of wide area A M 
stations serving the same area would be re­
stricted initially to the equivalent to the highest 
class or equivalently, largest coverage F M sta­
tion serving the area. 

- Smaller coverage A M and F M stations within 
the area to retain their present coverage area 
with the potential to expand to the largest cover-

Station F(50,50) contour 
Station predicted contour - R(50,50) 
Station FR(50,50) contour 

Figure 6 
Gene ra t i on of the 
FR(50 ,50) contour . 

F igure 7 
E x a m p l e of s ta t ion 
g roup ing . 

DRB service area 
FM station A 
FM station B FR(50,50) contours 
FM station C , 



age defined for the area (i.e. highest class F M 
station). 

- Possible future extension of the D R B coverage 
to include service to audiences that exist beyond 
the protected contour in the case of F M stations, 
or beyond the protected contour of the highest 
class F M station for the case of A M stations. 

Fig. 6 illustrates the procedure used for defining 
the realistic coverage area for F M stations. The 
solid red contour depicts the l icensed coverage 
contour for the station which is defined as the 
500 uV/m f ie ld-s t rength contour as defined by the 
F(50,50) propagat ion curves (i.e. f ie ld-s t rength 
exceeded for 5 0 % of locations and 5 0 % of the 
t ime) . The solid blue contour denotes the realistic 
500 uY/m contour for 5 0 % of locat ions and 5 0 % 
of the t ime, denoted as R(50,50) . The R(50,50) 
contour is der ived using the computer ized propa­
gation model P R E D I C T as defined earlier. P R E ­
D I C T uses the actual station emission parameters 
as well as detai led terrain elevation data including 
ground clutter in determining the realistic service 
contour, hence in very irregular terrain the 
R(50,50) contour can differ considerably from the 
stat ion's l icensed F(50,50) as illustrated in Fig. 6. 
Finally, the black herring bone contour defines the 
realistic coverage contour, FR(50,50) , for the F M 
station which the D R B service area at tempts to du­
plicate. The FR(50,50) contour is s imply the com­
mon area defined by the l icensed coverage con­
tour, F(50,50) and the realistic contour, R(50,50) . 

For the A M case the station coverage to be dupli­
cated is normal ly based on the 500 u.V/m dayt ime 
contour but l imited to the largest F M station serv­
ing the same market , which ever is the smallest . 
The latter condit ion is very critical as the dayt ime 
500 u V / m contour of h i g h - p o w e r (Class A) A M 
stations can greatly exceed the largest F M cover­
age. 

The grouping of stations to form a D R B service 
area consists of combin ing up to five F M station 
FR(50,50) and A M station coverage serving a 
c o m m o n area in a manner that maximizes duplica­
tion of coverage . The coverage duplicat ion is mea­
sured by a meri t factor for each analogue station 
forming the group. The area and populat ion meri t 
factors indicate h o w well the D R B service area du­
plicates each station forming the group in area and 
audience covered respectively. A meri t factor of 
" o n e " indicates 100% duplicat ion. The objective 
in grouping stations is to max imize the number of 
stations forming a D R B service area to provide 
spectrum efficiency and minimize implementa t ion 
costs to each broadcaster while achieving good du-

DRB service area 
DRB SFN coverage 
DRB network frequency re-use contour 
DRB transmitter sites 

plication of coverage (i.e. high meri t factor). Fig. 7 
shows an example of grouping of three F M stations 
that have similar FR(50,50) coverage to form a 
D R B service area. The D R B service area, denoted 
by the herr ing bone contour, is the envelope 
formed by the envelope of the three station 
FR(50,50) coverage contours . 

4.2. DRB network synthesis and 
determination of frequency 
reuse contour 

Once the D R B service areas are defined, the next 
step consists of synthesizing a D R B network at L -
band to provide the realistic coverage of the D R B 
service area. A software p rogram D R B P L A N -
COV, discussed in Section 4.5., is used to generate 
the ne twork coverage . The software utilizes the 
P R E D I C T propagat ion model and terrain eleva­
tion data and simulates the D A B ( C O F D M ) sys­
tem to generate realistic coverage compris ing 
single transmitters , augmented by gap fillers and 
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DRB occupied 
channel: 1534 kHz 

L-band channel width: 40 MHz 

Figure 9 
L - b a n d D R B 
channe l p lan . 

F igure 10 
L - b a n d emiss ion 
mask . 

coverage extenders as required or SFNs depending 
on the size of the service area. Ne tworks are de­
signed to achieve 9 0 % location and t ime coverage, 
defined as DR(90 ,90) coverage. Once the network 
parameters are determined the frequency reuse 
contour for the network is generated using 
D R B P L A N C O V . The frequency reuse contour de­
termines the separation required between c o -
channel D R B networks to meet the in te r -ne twork 
interference a l lowance set to 1 dB degradat ion in 
the network (E\/NQ) for 9 0 % or better of locations 
and t ime. The frequency reuse contour will be spe­
cified in the al lotment plan for each D R B service 
area as this defines the in te r -ne twork interference 
constraints. Broadcasters can use various ap­
proaches to synthesize the D R B network coverage 
however the resultant frequency reuse contour 
must fall within the one specified in the al lotment 
plan to insure that the interference criteria be tween 
networks will be met. Fig. 8 i l lus t ra tes t h e syn the ­
sis of a D R B n e t w o r k for t h e D R B service a r e a 
d e f i n e d in Fig. 7 s h o w n as t h e d a s h e d b l u e c o n ­
t o u r . T h e sol id b l u e c o n t o u r shows t h e 
D R ( 9 0 , 9 0 ) c o v e r a g e (i .e . D R B c o v e r a g e t o 9 0 % 
of l o c a t i o n s a n d 9 0 % of t i m e ) of t h e four s i te 
S F N syn thes i zed to d u p l i c a t e t h e D R B service 
a r e a . T h e d o t t e d r e d c o n t o u r r e p r e s e n t s t h e fre­
q u e n c y r e u s e c o n t o u r for t h e n e t w o r k . It r e p r e ­
sen t s t h e s e p a r a t i o n r e q u i r e d t o a n o t h e r c o -
c h a n n e l D R B c o v e r a g e a r e a so t h a t t h e 

d e g r a d a t i o n d u e t o i n t e r f e r e n c e f rom this ex­
a m p l e n e t w o r k d o e s n o t exceed 1 d B for 9 0 % of 
l o c a t i o n s a n d t i m e . 

4.3. Frequency assignments and 
prioritization 

The final stage in the al lotment planning process is 
to assign frequencies (i.e. D R B channels) to the 
D R B networks . Assuming a D R B system having 
the characterist ics of the Eureka 147 system, a 
draft channelizat ion plan was developed as shown 
in Fig. 9. This channel izat ion plan accommoda tes 
23 D R B channels within the 40 M H z of L - b a n d 
spectrum. Ass ignment of D R B channels to the 
D R B service areas are made according to estab­
lished priorities and spectrum constraints such as: 

- frequency reuse contours for the D R B service 
areas as defined in Section 4.2.; 

- a l lowance for a future satellite D R B componen t 
in accordance with a mixed satellite/terrestrial 
D R B implementat ion; 

- minimiz ing the impact on existing fixed ser­
vices using the band. 

Also, in congested areas where spect rum shortage 
exists, the Task Force on Digital Radio Imple­
mentat ion has established priorit ization guidel ines 
for assigning D R B channels be tween existing ter­
restrial services, unused terrestrial al lotments , sat­
ellite D R B , future growth, etc.. 

In order to implement a future satellite D R B com­
ponent to provide regional and national D R B pro­
g ramming services it is necessary to reserve satel­
lite D R B channels when the terrestrial a l lotment 
plan is being prepared. Since the amount of inter­
ference into terrestrial D R B ass ignments from sat­
ellite D R B ass ignments depends on the separation 
be tween the satellite and terrestrial co -channe l 
service areas, the D R B channels assigned to the 
satellite service will not be available for terrestrial 
use in certain geographical areas of the country. 
For example , the criteria used to establish the prio­
rities for terrestrial channel ass ignments are: 
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1st priority 

Channels not used by the satellite service. 

2nd priority 

Channels reserved for satellite that will result in 3 
dB or less interference degradat ion to the terres­
trial service. 
3rd priority 
Channels reserved for satellite usage if the terres­
trial service area is outside the satellite beam foot­
print. 

In the initial planning process an at tempt is being 
made to al low for the ass ignment of two D R B 
channels per satellite beam on the basis descr ibed 
above. 

In Canada the 1452-1492 M H z band is used by the 
Fixed Service to provide p o i n t - t o - p o i n t and 
po in t - to -mul t ipo in t ( P - M P ) subscriber radio ser­
vices. When assigning frequencies to D R B service 
areas it is important to take into account to the ex­
tent possible , existing fixed systems that may be 
interfered with or which could cause interference 
into the D R B service. A fixed service is considered 
affected if the aggregate interference (in the case 
of mult iple transmitters in a D R B network) re­
duces the path fade margin by more than 1 dB (i.e. 
I/N - 6 dB) . L ikewise a D R B service area is consid­
ered affected if the (I/N) - 6 dB for 10% of loca­
tions and 10% of the t ime. Fig. 10 shows the R F 
emission mask assumed for est imating the D R B 
interference into fixed system receivers. It is based 
on prel iminary information contained in the draft 
handbook on D R B . Actual fixed system parame­
ters are used in determining the level of interfer­
ence and the path losses are based on P R E D I C T 
propagat ion program using actual terrain elevation 
data. W h e n assigning frequencies to D R B service 
areas those frequencies that could cause interfer­
ence to/from fixed systems will be identified and 
avoided if possible . If sufficient interference-free 
D R B frequencies are not available in locations 
where several channels are allotted, those channels 
which cause or result in least interference will be 
implemented first. The fact that most P - M P sys­
tems are located in rural and remote areas while 
terrestrial D R B systems are expected to be imple­
mented initially within and near cities will prob­
ably al low many of the existing fixed systems to 
cont inue using their current frequencies for some 
t ime, perhaps indefinitely. 

4.4. DRB planning software 

As the deve lopment of a D R B al lotment plan en­
tails intensive computa t ions and manipula t ion of 

large da tabases , a D R B software package , referred 
to as " D R B P L N " , along with mul t i - t ask ing work 
stations has been developed, to form a Digital Ra­
dio Planning System (DRPS) . Fig. 11 shows the ar­
chitecture of D R P S including the major software 
modules , databases and interfaces. The system 
was developed on the basis of extensive applica­
tion of graphical user interfaces (GUIs) permit t ing 
a high degree of user in ter-act ion in carrying out 
the various steps in the al lotment planning process . 

D R B P L N is being developed to run on a 5 8 6 - P e n ­
t ium platform under the OS/2 operat ing system. 
This will provide the needed flexibility of m u l t i ­
tasking of applications and distr ibuted mu l t i -p ro ­
cessing to load-sha re the computa t ion- in tens ive 
e lements of D R B P L N among mult iple Pent iums, 
in te r -connec ted by a L A N . 

as 4.4.1. Major DRBPLN modules 

DRBPLN 
This module performs the synthesis of D R B net­
works . The output consists of the realistic ne twork 
coverage, ne twork parameters such as transmitter 
locations, antenna characterist ics and transmitter 
ERP. It also determines the frequency r e - u s e con­
tour for the network. It consists of the integration 
of parts of CRCCOV, PREDICT, C O N V E R T and 
user p lanning enhancements . The key e lement of 
this module is C R C C O V , a software package de­
veloped at the Communica t ions Research Centre . 
C R C C O V synthesises D R B coverage by simulat­
ing the D A B system, taking into account active 
echoes from mult iple transmitters in accordance to 
the D R B system operational characterist ics. 

MAPINFO (Windows version) 
This is a commerc ia l software package which al­
lows the graphical display and analysis of g e o -
coded data bases . This is the main module used for 
displaying A M and F M coverage, determining 
coverage statistics, grouping of A M and F M sta­
tions to form D R B service areas, and assigning fre­
quencies to D R B networks . 

PREDICT 
This is the propagat ion predict ion module devel­
oped by the Communica t ions Research Centre 
used in the determinat ion of realistic F M coverage 
contours , D R B network synthesis (using 
C R C C O V ) . D R B ne twork frequency r e - u s e con­
tours and to evaluate the impact on fixed systems. 
It predicts path losses based on 500m or D T E D ter­
rain elevation data. The mode l est imates signal 
strength over an area with percent location and 
t ime as input parameters . 
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; 4.4.2. DRBPLN databases 

As shown in Fig. 11, D R B P L A N includes a num­
ber of data bases required in the deve lopment of 
the plan. These are: 

500m and DTED 
500 metre and 100 metre resolution terrain eleva­
tion data, respectively, including ground clutter in­
formation for most of Canada . 

TWRS 
Data base containing information on all registered 
communica t ion and broadcast ing towers in 
Canada. 

AM/FM 
Database containing essential parameters of Cana­
dian A M and F M broadcast stations including the 
g e o - c o d e d contours of their l icensed [F(50,50)j 
and realistic [R(50,50)] contours . 

DRB_CELL 
Database containing the essential parameters and 
contours , defining the D R B networks . 

DRB_COV 
File, containing the parameters and service con­
tours of the D R B service areas. 

DRBJPROT 
Contains the parameters and contours of the fre­
quency r e - u s e contours . 
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F igure 11 
Al lo tment p lann ing so f tware 
s y s t e m - DRBPLN 

Topographical databases 

Multi 586-Pentium computers 
128 Mbyte RAM, 4 Gbyte hard disk 



DRB_SERV 
Contains the polygons defining the D R B service 
areas. 

GEO 
Database of Canadian geographical information 
including, cities, towns , h ighways , etc. 

CENSUS 
Data base containing the 1991 Canadian popula­
tion census in g e o - c o d e d format. 

NETWK 
Database containing the D R B network including 
the frequency ass ignments . 

FIXED 
Database containing all relevant parameters of 
fixed stations currently operat ing within the 
1452-1492 M H z band. 

DRBSAT 
This database contains the beam parameters and 
associated frequency ass ignments of the D R B sat­
ellite system. 

5. Future work 

N o w that many of the technical and spectrum ques­
tions appear to be on their way to being settled, 
attention will be directing to other related issues, 
such as: 

- Planning the ro l l -ou t of the new service. This 
will include working with Industry Canada to 
develop a practical domest ic al lotment plan, as 
well with the consumer equipment manufactur­
ers to ensure that affordable receivers will fol­
low quickly once the D R B service begins . 

- Developing cost models to al low broadcasters 
to est imate the conversion costs; 

- Determining suitable ownersh ip models . Dis ­
cussions will occur with the regulators to deter­
mine acceptable models for l icensing and own­
ership of the mu l t i -p rog ram transmitters that 
are an integral part of D R B . 

- Promot ing auxiliary data services. Broadcast­
ers will need to p romote and sell their spare data 
capacity, as a means of providing needed reve­
nue during the early days of D R B , when receiv­
er ownership by the general public is still low. 

With respect to receiver front end architecture suit­
able for the mixed concept , research work so far 
has been encouraging. Fur ther work is needed to 
test with C O F D M signals and to produce proto­
types at reasonable cost and size in order to make 
it a consumer product . 

In the area of field trials, further studies are re­
quired with respect to the following: 

- opt imizat ion of transmitt ing ERP/an tenna 
height and locations within which the guard in­
terval reinforces desired signals according ter­
rain topography; 

- opt imizat ion and design of t ransmit t ing antenna 
vertical pattern and tilt; 

- opt imizat ion of the D R B receiver synchroniza­
tion strategies; 

- L - b a n d D R B receiver antenna and R F f ront -
end design (see Section 2.4.1.); 

- distribution of p rog rammes to S F N cells; 

- operation in a mixed terrestrial/satellite D R B 
configuration including the hybrid satellite con­
cept. 

6. Conclusions 

All of the above studies will be done in a partner­
ship relat ionship that involves federal and provin­
cial authorit ies, the regulators , and all broadcast­
ers, including campus and communi ty stations. 

Since 1990, the many D R B projects in Canada 
have been a textbook case of cooperat ion among 
these players . The exper ience has clearly demon­
strated h o w much can be accompl ished when all 
interested parties work together to achieve a com­
m o n goal . 

Clearly, there is much left to be done. It will be 
many years before the transition from analogue to 
digital radio is comple te in Canada. The speed of 
transition will largely be determined by the receiv­
er manufacturers . Nevertheless , the broadcasters 
bel ieve that the radio industry must m o v e into the 
new digital era as quickly as possible , in order to 
survive in an increasingly compet i t ive environ­
ment . Broadcasters must use this new technology 
not only to provide a better version of their current 
services, but also to develop new business oppor­
tunities. 
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