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Introduction.

Area coverage Broadcast Fatterns from radio sites
+all 11nto two basic categories; Omni-directional and
Directional. The purpose of this document 1s to
illustrate the wvarious options available to systems
engineers to achieve both omni-directional and special
coverage patterns by use of transmitter combining and
aerial sharing techniques.

Details of "GO" path equipment parameters required
for post-MWarc services are defined in Sect GN4 of the
Buidance Notes for Radio Planning Engineers issued June
198%. (App &) .

Single channel per site services will easily
attain the target estimated radiated power (e.r.p.) of
A7 MWatts using a single well placed aerial, i.e. prime
position at the top of the mast. However, the great
maiority of Home Office sites hawve more than one
sponsaored user:; most utilising more tham one channel
per site.

To attain the reguired area coverage for each of
the u=zers on one site now becomes a trade-off between
the aclual aerial accommodation available and the power
of the transmitters, in this case 100 Watts (mean).
Lack of tower space compels aerial sharing with its
associated power losses.

Other factors must also be considered such as the
actual radiation patterns of aerials not at prime
positions, physical constraints of the tower structure
and the electrical effects of the tower at the
fregquency being broadcast.

Similar constraints must of course be equally
considered for the "RETURM" path. (Sect GMN4 defines.)

Omni-directional Fatterns.

It 15 generally understood that all aerials with
reflector elements or panel assemblies are directional.
However , the normal Home Office single broadcast folded
dipole on the side of a steel tower can also exhibit
marked directional properties dependant on its position
in relation to that structure.

Omni-directional patterns in their true sense can
usually only be realised using prime position (top of
tower) aerial {s) or combinations of aerials in circular
arrays. Such arrays may be used for providing a
launching base For single or multi-channel signals
depending on radio equipment combining techniques and
array feed networks. Application of these arrays remain
constrained by overall system parameters and deciding
factors include available wvertical accommodation and
dimensioning on Lowers, wind loading characteristics
and electrical reguirements. .For example, on the higher
frequency banrds the physical size of the tower has a
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significant effect an the horizontal radiation
patterns, this being due to the overall geometry of
arrays in relation to the wavelength i1n use.

Pattern Parameters.

The basic planning parameters to achieve a
designated area coverage pattern are described in
GH4 which is reproduced in Appendix 8. In transmitter

aerial systems the e.r.p. reguired i1n any pattern
minima in the coverage area is defined as &3 Watts.
Because of system losses e.g. feeder, filter and hybrid
transformer losses, gain is usually required from the
aerial system to achieve this minimum &.r.p.

Depending on the tower in use 1t 15 not always
possible to provide the necessary aerial gain. In these
cases the absolute minimum e.r.p. can be as low as 25
Watts. An example power budget is as follows:

Multi-channel site where Omni-directional patterns
are reguired:

Transmitter Fower 100 MWatts 20dBW (all channels)

Trans filter loss 1db

Aerial feeder loss 2dB

Aerial tail loss 0. 25dB

Hybrid matrix loss 0. 25dE
Connector/term loss 0. 5dB

Total 4dBE net loss

Single Turnstile:

Max gain OdB ref 1/2 wave dipole
Min gain -2dB ret 1/2 wave dipole

hence

Max erp = 146 dBW (40 Watts)
Hin erp = 14 dBW {25 MWatts)

In cases where this e.r.p. 15 insufficient the use
of High Fower Linear Amplifiers (HPA) 1s recommended to
boost the transmitter output. These figures are
increased by approximately 3dB when a double Turnstile
15 IN USe.

Generally speaking the maximum ripple thought
acceptable over the main lobe of the designated
coverage pattern is 2dB.

Tower Structures Under Consideration.
Classifications thought suitable for standard and

WARC aerial fits are derived from the physical features
of the tower under consideration.



Example classifications are:

Al/4/45/1.5 Standard 4 leg tower; 45
mtrs high; 1.5m face dim for upper 10 mitrs.
Al/3/45/1.5 Standard 3 leg tower; 45

mtrs high; 1.5m face dim for upper 10 mtrs.

The standard aerial arrays for use on Al/4
and Al/3 towers are classified to suit face
sizes in the following ranges:

less than 1.5m

1.5m to 2m

greater than 2Zm

Other structures suitable for standard aerial fits
are to be considered individually.

fAerials Available.
The aerials available are listed in section GNEB of

the Flanning Guidance MNotes (App &). Additionally to
these lists a Dipole Fanel aerial is available.

Brief Description of Omni-directional Arrays.

al Turnstile.

Single tier of four dipoles on central post. Double
turnstile has two tiers of dipoles on common post.
Tiers can bhe electrically stacked as required or used
independently. Fitted in prime position only. Up to
four transmitters (three omni-directional) without the
usual aerial combining losses, by use of a four port
reciprocal hybrid matrix. 2dB overall ripple in
pattern:

0 to -2 dB for single tier
Z to 1 dB for double tier

bl Dipole and Yagi circular Arrays.

Up to eight aerials in one tier, suitable polar
diagram depends significantly upon overall array
diameter and therefore upon tower dimensions.
Unscreened dipole arrays not generally preferred due to
the risk of exciting tower (rusty bolt) intermodulation
products.Some installations may make use of the hybrid
matrix unit described above.

cl Slot Fanel.

Four wnits per tier on sguare towers, Three or
possibly four on triangular towers, depending on tower
dimensions. Maximum of two tiers on any one tower. A
single unit panel has a gain of B dB relative to a 1/2
wave dipole.



d) Dipole Fanels.

Up to four aerials per tier. Similar characteristics
to slot panel but each aerial unit has a forward gain
of &dB.

el Groundpl ane.

A groundpl ane array may be used as a simple
alternative to the Turnstile although it has inferior
electrical performance.

) Simple Aerials.

In all cases the +final default option on ‘problem
towers’ is to use folded dipoles, one per channel. This
places the site in the category of "Directional" and
opens the way to high levels of Intermodulation
Froducts. Before exercising such an option the planning
objectives should be re-—assessed. The following
questions are posed:

1. Is an omni directional pattern mandatory?
I¥ so, is it for all channels?

2. Is a lower e.r.p. acceptable in any
particular case?

3. Can a higher powered transmitter, linear
amplifier or Multi-channel transmitter (on
limited channels) be made available to drive
simplified arrays?

q. I¥f the band plan allows, can duplexers or
an additional aerial tier be used?

Directional Patterns.

Directional patterns can be achieved from all of
the above arrays by judicious use of combining
technigues ar separate feeders. In some cases
directional patterns can be inherent in the array by
virtue of power division, and RF field phasing and
addition.

Enmhining Systems.

The general items in use for combining/splitting
systems are outlined in GNB. All of these items may be
incorporated into WARC aerial solutions, the hybrid
matrix combiner having several useful applications.
These may be summarised as follows:

13 Using four aerials in a defined array
al l ows up to three transmitters to be
combined to give good omni—-directional

patterns without the normal losses associated
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with hybrid transmitter combining. The losses
are overcome by the elimination of load
resistors and wvector addition in the RF
field. A fourth transmitter may be
incorporated but the pattern produced is
directional and has limited practical use as
a broadcast channel.

2) Combines up to four transmitters into
one aerial.

3) Some combinations of 1} and 2) give good
directional patterns suitable for special
applications.

It 1s important to note that in the above
configurations the unpused matrix port must be loaded.
25 MWatt loadis) will normally be fitted inside
buildings Ffed #rom RGZ13/U feeder connected to the
hybrid combiner, the i1nherent losses of this feeder
forming part of the total load required.

System Design Examples.

Options for WARC aerial arrays are illustrated in
fApp 1. Certain examples are suitable for both intended
frequency bands. In general, due to tower size,
multiple dipole and yagi tiers are restricted in use at
150Mhz and are normally only to be considered on small
towers or as special alternatives. However, use of
dipoles and dipole panels at 70Mhz provide wviable
solutions. The option title is designated by the type
of aerial followed by the number of broadcast channels,
number of tiers and a suffix indicating a Multi-Channel
Transmitter.

Arrays can be initially allocated to structures by
the table of AppZ but the final fit is controlled by a
combination of pertinent circumstances as outlined in
the Aerial Planning Check List of 15/7/83 (App3), in
particular =ect 1.1 and sect 3. Careful consideration
must be given to sect 3.3.1 as this will highlight the
physical suitability of the feeders for any particular
case.

Included in the Appendices is a ladder table of
options rating the number of channels against the
highest e.r.p. achievable.

Special Patterns.

These patterns are basically directional type
patterns. The +term ‘special’ when used colloquially
tends to indicate a more precisely defined service area
than normal i.e. a combination of remotely linked sites
from a single source, or a ‘sensitive’ broadcast area.




































































































































































































































