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Review of the Radioc Communications Acts
and the
Role Australian Communications Authorily

Molongle Radic Observatory is a non commercial user of
the radio spectrum. The Observatory mission is to image
the faint radio eamwmigsgsions from the universe. Some
emissions are 10 billion vyears old and very weak. The
signals are weak in the extreme. The observatcry £fills a

unique mniche 1in world and southern hemisphere radio
astronomy. When not in maintenance we operate 24 hours
per day using a small fraction of the radio spectrum - a

4 MHz bandwidth centred on 843 MH=z.

The observatory is unique, in that it enjoys protection
in legislation and operates outside the ITU radic
astronomy bands. The protection and coordination
requirements are defined in the Radio Communications ACT
1952 {Appendix 1) .

The observatory is a licensed fixed receiving site. The
license 18 maintained Lo alert other users Lo our
existence and our passive use of the radioc spectrum. It
1s our experience this is necessary as the footnote AUS
63 is linadegquate and an unsuccesglul means of alerting
other gpectrum user to our presence and coordination
requirements.

A considerable investment has been made by the Australian
Communications Agency {ACA} and the observatory to
quantify zreasonable protection and the coordination
requirements. The technical assessment 1s reported in
both appendices 1 and 2,

The Observatory's Operational Experiencce:

The coordinaticon reguirements and protection do not
translate 1into reality prior to new telecommunications
gystcoem introduction.

Protection recognition happens after the fact, post
incident.

It is my experience 1in multiple cases that a new
communications system will be installed and the first the
observatory will know of the new spectrum usage is
observations and data being corrupted.

The effort and time required to track down, identify and
mittigate the interfering system is considerable.

In one case fthe "Bulls Head incident" cight months of
data was damagcd. Some beyond use but all data showed
degradation.

The interfering source, an incorrectly installed Telstra
link was eventually identified and a partial remedy
effected (Appendix 3}. The issuing of the spectrum



licences without coordination, the installation
without coordination and the technical failure to verify
the sysatem performance as per the frequency assignment
are major issues that should be addressed by both the
spectrum user and spectrum managers.

The "Burra Incildent" was short lived but is the c¢learest
failurc of coordination {Appendix 4).

The failure in coordinaticon  defeats the intent of the
ACT with respect to providing protection to the
observatory.

Coordination and Communication betwcen users:
Enhancements to the present administrative procedure.

Automatic flagging of site protection on the ACA web
site and data bage 1if a gystem 1is within double the
coordination distance and is within the Ffrequency range
specified by the protection.

The notification distance doubling 18 to alert users and
alsc to allow for terrain modelling errors in propagation
calculations.

Mandatory written notification to existing spectrum users
of new systems using the same portion of the radio
spectrum within the coordination region.

Egquipment testing and system introduction and withdrawal
with times and dates to be posted on the ACA data base
with notification to parties within the coordination
region and frequency range.

Nomination of contact officers to facilitate coordination

between spectrum users. These to be postad on the ACA web
gitce to enable initial contact and coordination.

DCW
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- Commonwealth of Australia
Racfz’ocommum‘cau'ons Act 1992

Radiocommunications Advisory Guidelines
(Protection of Molonglo Observatory Synthesis Telescope)
1998

THE AUSTRALIAN COMMUNICATIONS AUTHORITY makes the following guidelines
under subsection 262 of the Radiocommunications Act 1992

Dated 44 Zz/ﬂv«w—? 1998.

Deptify Chairman

Australian Communications Authority

BACKGROUND
The Molonglo Observatory Synthesis Telescope (‘MOST’) is a radio telescope located
approximately 30 km to the East of Canberra that monitors radio signals from weak celestial
radio sources in a frequency band centred on 843 MHz.

The frequency band 825-845 MHz is subject to spectrum licensing and all transmitters to be
operated in this band may pq_t_gntially affect the MOST.

These advisory guidelines set out thé 'c;;mpatibiliry requirement that would provide the
MOST with a reasonable level of interference protection from transmitters operating in this
band. A suggested approach to assessing the compatibility is also provided.

Spectrum licences in the relevant bands will require that operation of transmitters under the
licence must not interfere with the MOST. This requirement to protect the MOST will cease
at the end of 2008.
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Radiocommunications Advisory Guidelines (Protection of Molonglo Observatory Synthesis
Telescope) 1998

PART 1—GENERAL INFORMATION

Title

1.1 These guidelines are called the Radiocommunications Advisory Guidelines
(Protection of Molonglo Observatory Synthesis Telescope) 1998.

Commencement

1.2 These guidelines commence on 9‘;2:5%21998.

Interpretation
1.3 In these guidelines:
“compatibility requirement” means the requirement set out in Part 2;

“coordination threshold distance” means the maximum distance from the
MOST receiver within which a transmitter operated under spectrum licence needs to be
coordinated;

“EIRP* means equivalent isotropically radiated power;

“the MOST?” means the radio telescope operated by the University of Sydney
located about 30 km east of Canberra, ACT at latitude 35° 22° 30" §, longitude 149° 25° 357
E. The telescope has a receive frequency of 843 MHz with a 3 dB bandwidth of +/- 1.5 MHz.
[Note: Australian Map Grid coordinates - Zone: 55, Easting: 720420, Northing: 6082653.].

Purpose of these guidelines

1.4 The purpose of these advisory guidelines is to set out the compatibility
requirement and provide a basis upon which spectrum licensees in the 825-845 MHz band
may coordinate the operation of their transmitters so as to prevent interference being caused
to the MOST. If such interference is caused to the MOST the ACA will have regard to
whether or not the spectrum licensee has coordinated the transmitters in a manner that meets
the compatibility requirement set out in these guidelines, during interference settlement.

1.5 The compatibility requirement is intended to reflect the ACA'’s policy of
providing adequate interference protection to the MOST. This does not alter the fact that the
ACA will deal with each interference scenario on a case by case basis according to its own
circumstances.

1.6 The compatibility requirement set out in these guidelines is based on the results
of tests! conducted to determine the interference susceptibility of the MOST. These tests
were undertaken jointiy by the Spectram Management Agency, the Department of
Communications and the Arts and theé University of Sydney. The compatibility requirement
and the methodology presented in these guidelines have been developed in consultation with
industry. Spectrum licensees should take all reasonable steps to ensure that, whatever
coordination methods are used, the compatibility requirement set out in these guidelines is
met in respect of any transmitters to be operated under a spectrum licence.

1.7 The compatibility requirements for the MOST are set out in Part 2.

| Reference: Spectrum Planning Report SPP 5/96, “Interference Susceptibility of the Molonglo Observatory
Synthesis Telescope.
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Radiocommunications Advisory Guidelines (Protection of Molonglo Observatory Synthesis
Telescope) 1998

PART 2—COMPATIBILITY REQUIREMENT

2.1 The compatibility requirement for spectrum licensees to protect the MOST is as
follows:

Ptx-L=Prx

Prx =Prx, - G($) - G(f)

where:

Ptx is the EIRP of the proposed transmitter in the direction of the MOST (dBm);

L is the transmission loss (dB) (definition ref: ITU-R Rec. P.341-4);

G(9) is the relative gain of the MOST as a function of the bearing to the
transmitter (dB) found from Table 2;

G(1) is the relative gain of the MOST as a function of frequency (dB) found from
Table 3; _

Prx is the received power at the MOST; and

Prx, (the worst-case protection level) = -174 dBm.

2.2 The average power received by the MOST within its 3 dB bandwidth (3 MHz)
should not exceed the compatibility requirement for more than 10 % of the time as a resuit of
variations in propagation conditions (ref: ITU-R Rec. RA.1031-1).

2.3 The coordination methodology set out in Parts 3 to 6 inclusive may be used to
determine whether a transmitter proposed for operation under a spectrum licence (‘the
proposed transmitter’) will meet the compatibility requirement.

PART 3—FINDING OUT IF DETAILED COORDINATION IS NECESSARY
Distance to the MOST | :
3.1 Calculate the distance between the pr0poséd transmitter and the MOST.

3.2 If the proposed transmitter is within 10 km of the MOST and is intended to
operate within the frequency range 825-845 MHz the spectrum licensee shouid not operate
the transmitter unlessgteps are taken as set out in Part 6.

3.3 If the proposed transmitter is more than 10 km from the MOST and is intended
to operate in the frequency range 825-845 MHz, the procedure described in clauses 3.4 to
3.11 inclusive may be used to determine if the compatibility requirement can be met. For
mobile transmitters intended to operate in the frequency range 825-840 MHz, and exempt
from device registration as provided for in the spectrum licence, the compatibility
requirement does not apply.

Coordination threshold distance

3.4 Table 12 may be used to gi}aluate whether a detailed coordination assessment is
necessary by determining the ‘coordination threshold distance’ for a proposed transmitter.

3.5 Before using Table 1, spectrum licensees should take note of the underlying
principles used in developing the table as set out in clauses 4.1 to 4.2 and make a judgement
as to whether these assumptions are appropriate for their proposed transmitter(s). If the
assumptions are not appropriate, or the range of values of effective antenna height or EIRP is

2 Note that due to the range of EIRP values shown in the table, the table spans two pages. These two pages can
be joined horizontally to form one complete table,
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Radiocommunications Advisory Guidelines (Protection of Molonglo QObservatory Synthesis
Telescope) 1998

not sufficient, then Table 1 should not be used and a detailed coordination assessment will be
necessary as described in Part 5.

3.6 The methodology for using Table 1 to find the coordination threshold distance is
set out in Part 4, Determining the coordination threshold distance from Table 1 is a two stage
process. The first stage determines an initial distance and the second stage refines the
required protection level, thereby allowing a reduced distance to be determined from the table
in many cases. The second stage is unnecessary if the distance between the proposed
transmitter and the MOST is greater than the initial distance determined from the table.

3.7 The initial coordination threshold distance should be found from Tabie | as
described in clause 4.3.

3.8 If the proposed transmitter is outside this coordination threshold distance then
no coordination with the MOST is required and the transmitter may be operated (providing
other relevant conditions of the spectrum licence are met).

3.9 If the proposed transmitter is closer to the MOST than the initial coordination
threshold distance then the coordination threshold distance should be refined, if possible, as
described in clauses 4.4 to 4.6.

3.10 If the proposed transmitter is closer to the MOST than the revised coordination
threshold distance then the spectrum licensee should conduct a detailed coordination
assessment as set out in Part 5.

3.11 Ifthe proposed transmitter is outside the revised coordination threshold distance
then no coordination with the MOST is required and the transmitter may be operated
(providing other relevant conditions of the spectrum licence are met).

PART 4—USING THE COORDINATION THRESHOLD DISTANCE TABLE
(TABLE1)

Validity of Table 1 for the path between the proposed transmitter and the MOST

4.1 Table 1 was produced using the spherical Earth propagation model to calculate
the coordination threshold distances listed in the table. Parameters used in the calculations
included an effective Earth radius (k) of 5.5 and a receiver (the MOST) antenna height of
10 m. The transmitter antenna height used in each calculation was the effective antenna
height listed in the same row of the table as the calculated distance.

4.2 Generally, the spherical Earth propagation model used in calculating the
coordination threshold table will give less loss than the actual propagation path. However,
care should be taken if the path is either unobstructed or obstructed by a single knife edgc, as
these propagation paths can result in less loss than the spherical Earth propagation model. In
such cases the coordination threshold dxsta.nce tabie should not be used.

Initial coordination threshold distance

4.3 Looking first at the upper part of Table | (upwards from and including the row
titied “EIRP™): For a given EIRP and effective antenna height?, a distance can be read from
the table. This distance is the initial coordination threshold distance.

3 The effective antenna height of the Tansmitting antenna may be determined with any valid methodelogy. The
ITU-R defines the effective antenna height as the height of the transmitting antenna over the average level of
the ground between distances of 3 and 15 km from the transmitter in the direction of the receiver (ref: [TU-R
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Telescope) 1998

Refining the coordination threshold distance

4.4 For a proposed transmitter closer to the MOST than the initial distance
determined by using the upper part of Table 1, a further stage can be undertaken to determine

4.5 The total reduction in the compatibility requirement can be determined as

follows:

(a) determine the bearing of the proposed transmitter from the MOST. Then look up
the relative gain figure corresponding to this bearing in Table 2;

(b) using Table 3 find the frequency range relevant to the proposed transmitter’s
frequency bandwidth and then look up the corresponding frequency response
figure;

(c) the total reduction in the compatibility requirement is the sum* of the two figures
determined in sub clauses (a) and (b).

4.6 The left hand column in the lower part of Table 1 lists the amount by which the
compatibility requirement has been reduced. Find the appropriate figure in the [eft hand

antenna height.

PART 5— DETAILED COORDINATION ASSESSMENT

Detailed coordipation

3.1 For a proposed transmitter to be sited closer to the MOST than the distance
determined from the coordination threshold distance table, detailed coordination studies wijl
be needed to determine if the transmitter can operate without interference to the MOST.,

5.3 The objective in undertaking a detailed coordination study is to determine
whether the signal level at the MOST from the proposed transmitter is below the level
specified by the compatibility requirement. This level will range from -174 dBm to
-104 dBm depending upon the proposed frequency and the bearing on which the signal

Rec. P.370-7). An alternative methodology developed by the ACA could also be used. This alternative method
is used in spectrum licensing for evaluating the geographic device boundary for spectrum licensed transmitters.
* The absolute value of the sum should be used in Table {.
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Radiocommunications Advisory Guidelines (Protection of Molonglo Observatory Synthesis
Telescope) 1998

arrives at the MOST. The appropriate compatibility requirement can be caleulated by adding
the reduction in the compatibility requirement determined in clause 4.4 to -174 dBm. The
signal levels from proposed transmitters should not exceed this compatibility requirement for

more than 10% of the time as a result of variations in propagation conditions. (ref: ITU-R
Rec. RA.1031-1).

5.4 Detailed coordination studies can take into account the actual terrain between
the MOST and the proposed transmitter(s). Knowing the nature of the terrain may allow a
different propagation model to be used in calculating the propagation loss between the
proposed transmitter and the MOST. If greater propagation loss results from usin g a different
propagation model the coordination distances will be reduced. However, as noted in clause
4.2 some propagation paths may result in less loss than the spherical Earth propagation model
that was used in calculating the coordination threshold distance table.

PART 6—COORDINATION OF TRANSMITTERS CLOSE TQ THE MOST

6.1 Transmitters operating in the band 825-845 MHz and within 10 km of the
MOST could cause interference by overloading the low noise amplifiers resulting in a
blocking effect. The susceptibility of the MOST to this type of interference has not been
characterised.

6.2 Spectrum licensees proposing to operate transmitters within this range should
approach the Sydney University’s Department of Astrophysics with a view to undertaking
test transmissions to determine if such operation is feasible.

561070 22/01/98 2:47 PM 6
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Radiocommunications Advisory Guidelines (Pratection of Molongle Observatory Synthesis Telescope) 1998

TABLE 1: Co-ordination Threshold Distances from the MOST (continued)

Stage 1: Determine Initial distance from EIRP and effective antenna height.
Effective Antenna] Distance Distance Distance Oistance Distanca Distance Distance Distance Distance Distanca Distance Distance
Height {m} (km} (km) {km) {km} (km) {krn} {km) (k) {km) {km) (km) (krm)
1200 197 403 412 426 432 440 454 460 469 48} 489 497
600 k1) 324 332 346 352 k1) 375 380 389 401 409 417
300 263 268 217 291 296 “~ 305 319 324 333 47 352 361
150 223 228 237 251 256 265 279 284 293 w7 32 32
15 194 159 207 221 227 235 249 254 263 277 282 291
315 171 177 185 199 204 213 226 232 240 254 260 268
10 - 138 144 152 165 171 179 193 198 207 220 226 234
3 111 116 124 137 142 151 164 169 178 191 197 205
1.5 a5 100 108 121 126 134 148 153 164 175 180 189
Prop Loss (dB) 185 191 1954 199 201 204 209 21 214 216 221 224
|EIRP {watts) 0.03 .. 005 ad 0.3 0.5 1 3 ] 10 an 50 100
Compatibility | Stage 2: Reduced compatiblity requiramsnt allows reducad distances for the sams EIRP and effective antenna helght. From the row below with
Requirement the appropriate reduction in protection find the proposed EIRP and than read the new distance above from that column.
Reduced by (dB) T  EIRP{watts)
3] 006 " .-NA0A1 0.2 0.6 1 2 6 10 20 B0 100 200
6] 0.12 0.2 0.4 1.2 2 4 12 20 40 120 200 3%
of .0.24 04 0.8 24 4 8 24 40 80 239 J98 795
12 0.48 . 08 16 4.8 B 16 48 an 159 476 793 1590
15 0.95 16 az 9.5 16 32 . a5 159 7 949 1590 70
18 1.90 32 6.4 19.0 32 64 . 190 316 631 1900 3160 6310
21 3.80 6.3 130 38.0 63 126 ara 630 1260 3780 6300 12600
24 T.60 130 26.0 76.0 126 - . 252 754 1260 2520 7540 12600 25200
27 16.00 260 510 151.0 251 - 502 - . 1510 2510 5020 15100 25100 50200
30 30.00 50.0 100.0 300.0 500 1000 3000 5000 10000 30100 50000 100000
um_ 60.00 100.0 200.0 599.0 998 2000 5990 5980 20000 59900 93800 200000
um_ 120.00 2000 890 1200.0 2000 3990 12000 20000 33900 120000 200000 399000
3g] 239.00 J98.0 7850 2390.0 3980 7950 21900 39800 T9500 239000 398000 795000
42 476.00 7930 1590.0 4760.0 7930 15900 47600 79300 159000 476000 793000 1590000
45 949.00 1580.0 1170.0 9490.0 15900 31700 94900 159000 317060 949000 1590000 3170000
48] 1900.00 J3160.0 6310.0 19000.0 31600 63100 190000 3600 631000 1900000 2180000 6310300
1 3780.00 §300.0 12600.0 37800.0 63000 126000 378000 630000 1250004 3780000  §300000 12600000
54 7540.00 12600.0 252000 75400.0 126000 252000 754000 1260000 2520000 7540000 12500000 25200000
57| 15100.00 25100.0 50200.0  151000.0 251000 502000 1510000 2510000 5020000 15100000 25100000 50200009
60} 30100.00 50000.0 00000 300000.0 501000 1000000 3010000 5000000 100000G0 30100000 50000000 100000000
631 59900.00 99800.0 2000000 599000.0 So8000 2000000 5990000 09a0000 20000000 59900000 993300000 200000000
66F 120000.00 200000.0 3990000 1200000.0 2000000 3990000 12000000 20000000 39900000 120000000 200000000 399000000
701 30000000 5010000 1000000.0 3010000.0 5000000 10000000 30100000 50000000 100000000 301000000 500000000 1000000000

Notes: 1. Calculaled distances are based on the spherical Earth diffraction loss model {loss not exceeded for 10 % of the time}.
2. Prolected receive level Prx=-174 dBm.
3. 1f a value of EIRP, effective anlenna heighl or protection reduction is nat listed then Ihe next highest value should be used. Afternatively, the resulls oblained from using both the highar
and lower values could ba interpolated
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TABLE 2: MOST directionality

Bearing Range Ralative Gain
G{phi) {dD)
358 - 2 0.0
3 - 7 0.0
8 - 12 £.3
i3 - 17 8.7
18 - 22 -10.3
23 - 27 1.4
28 - 32 -12.3
33 - ar -12.1
38 - 42 -1a7
43 - A7 -14.3
48 - 52 -14.8
53 - 57 -15.2
58 - 62 15,6
63 - &7 -16.0
68 . 72 -14.3
73 - 77 -11.6
78 - 82 -3.0
83 - 87 -11.3
88 - 92 -14.0
93 - o7 1.3
98 - 102 3.0
103 - 107 -11.6
108 - 112 -14.3
113 . 117 -18.0
118 - 122 156
123 - 127 15.2
128 - 132 14,8
133 - 137 -14.3
138 - 142 137
143 - 147 4134
148 . 152 -12.3
153 - 167 1.4
158 - 162 -10.3
163 - o1e 8.7
168 - e B 6.3
173 - 177 0.0
178 - 182 , 0.0
183 - 87| . 0.0
188 - 192 6.3
193 . 197 8.7
198 - 202 -10.3
203 - 207 1.4
208 - 212 -12.3
213 - 217 -13.1
218 - 222 37
2973 - 227 14,3
228 - 232 -14.8
233 - 237 -15.2
238 - 242 -15.6
243 - 247 -16.0
248 - 252 143
253 . 257 -11.6
258 - 262 3.0
263 - 267 -11.3
268 - 272 -14.0
273 -2 .11.3
278 - 202 -3.0
283 - 287 -11.5
'288 - 292 -14.3
293 - 297 -16.0
298 - 302 15,6
303 - o7 -15.2
08 - 312 -14.8
313 - 317 -14.3
318 - 322 -13.7
323 - az7 -13.1
328 - 332 -12.3
333 - 337 -11.4
238 - 342 -10.3
343 - u7 8.7
348 - 352 £.3
353 - as7 a.0
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quency Response

Frequenty rangs Refativa gain due to
frequency response
G{f) (dB)

< 840.0 -54.8

840.0 «= 8401 -48.7
840.1 <= 840.2 -43.2
840.2 <= 840.3 -38.1
840.3 <= 840.4 -33.3
840.4 <= 840.5 -29.0
B40.5 <= 8408 -25.3
B40.6 <= 840.7 -21.8
840.7 <= B40.8 -18.5
8408 <= B4D.9 -15.4
840.9 <= 841.0 -12.58
841.0 == 841.1 -10.8
B41.1 <= 841.2 -5.3
8412 <= 841.3 7.9
841.3 <= B41.4 -8.5
841.4 <= 841.5 -5.3
8415 ¢= B41.6 4.2
B41.6 == 841.7 -3.2
B41.7 <= 841.8 -2.3
841.8 == g41.9 -1.5
8419 «= B42.0 0.8
8420 <= 8421 -0.5
8421 <= 8422 0.2
B42.2 <= 842.3 0.0
8423 <= B424 0.0
B42.4 <= B842.5 0.0
B42.5 <= B42.6 0.0
B42.6 <= 8427 0.0
B42.7 «= 842.8 0.0
842,58 o= 8429 0.0
8429 o= 843.0 c.c
843.0 <= 8431 0.0
843.1 <m 843.2 0.0
843.2 <a 843.3 0.0
843.3 <= 843.4 0.0
B43.4 <= 843.5 0.0
B43.5 <= 843.6 0.1
843.6 <= B43.7 0.3
B43.7 <= 843.8 -0.7
8438 <= 843.9 -1.0
843.9 <= 844.0 -1.4
8440 <= 844.1 -1.8
8441 <= 844.2 -2.8
B44.2 <= B44.3 -3.5
844.3 <= 844.4 4.6
B844,4 <= 844 5 -5.8
844.5 <= 844.8 -7.2
844.6 <= 844.7 -2.8
844.7 <= 844.8 -10.5
844.8 <= 844.9 -12.3
8449 <= 845.0 -14.4
o 845.0 -18.5
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Abstract: In conjunction with the Australian Government’s Spectrum Management
Agency, experimental tests have been carried out to determine the susceptibility of
the Molonglo Observatory Synthesis Telescope (MOST) o interference from terrestrial
trunsmitters. The motivation for the tests was to reconcile the conflicting requirements
of the MOST, which is committed to an extensive survey of the southern sky at
843 MHz, with the commercial use of the 825-845 MHz band, which is being prepared
for sale. The tests show that the far sidelohe gain of the MOST, relative to an
isotropic antenna is generally less than 1, and thal an appropriate interference criterion
would be that in-band interference irradiance should not exceed —173 dABWm ™. This
value is similar to that considered by the Iuternational Telecommunications Tnion
to be detrimental to radic astronomy continuum chservations at nearby fremiencies.

Kcywords:  instrumentation: interferometers—site testing

1 Introduction

The Molonglo Radio Observatory is situated in a
flat valley, ~700 m above sea level in the Great
Dividing Range near Biungendore, about 30 km east
of Canberra. ‘The site was one of several considered in
the mid-1950s for the 64 m radio telescope eventually
built by the CSIRO at Parkes. In 1961 Bernard
Mills chose the site as the most suitabie for his new
{408 MHz) Cross-type radio tclescope {Mills et al.
1463}, The land was acquired by the University of
Sydney and the telescope, which became known as
the One Mile Cross was opened by Prime Minister
Sir Robert Menzies in Novemnber 1965. During the
next 12 years the instrument was used for a number
of major astronomical investigations (Mills 1991},
including: production of the Molonglo Reference
Catalogue of over 12000 radio sources; discovery of
supernova remnants in the Galactic Plane and the
Large Magcllanic Cloud; determination of accurate
pogitions and flux densities of galaxies and quasars;
discovery of a large number of pulsars including the
pulsar associated with the Vela supernova remnant.

In the late 1970s it became apparent that the
Cross would soon complete its planned programme
of surveying the radio sky south of +18° and 2
decision was madc to convert the past and west arms
of the Molonglo Lelescope to an aperture synthesis
instrument capable of higher sensitivity and angular
resolution. 'This was achieved by increasing the
frequency of operation by approximately & factor of
two. Some constraint was imposed by the resonances

of the existing line feed structure, but the choice of
843 MHz was made in consultation with Irlecom
to avoid likely sources of interference {rom radio
telephony services (Mills 1981). While 843 MHx
is not in an internationally protected band lor
radic astronomy, the use of this frequency by the
Molonglo Observatory was entered as a foctnote in
the Spectrum Band Plan.

The Molonglo telescope in its new incarnation
started observations in 1980 and has been in continu-
ous operation, with several technical improvemnents,
since then. It is now known as the Molonglo
Ohservatory Synthesis Telescope (MOST) Until the
early 1990s, the site proved to be free of interference
in the 843 MHz band, and the MOST cnjoyed quiet
observing conditions. With the introduction of ana-
logue mobile telephone services, the telescope began
to experience occasional bursts of interference. At
the present time (1997) such interference bursts have
become much more frequent, inevitably degrading
the quality of radio images and necessitating addi-
tional time consuming image processing to minimise
the loss of information.

In 1995 we were dismayed to learn that the
Australian Covernment was planning to sell the
825845 MHz band of the clectromagnetic spectrum.
The use of part of this band by thc MOST has been
acknowledged for aver 17 years, durinyg which time the
telescope has mede many internationally recognised
contributions to astronomy. Qbservations would be
seriously threatened by radio frequency interference
if the band were to be released for unrcstricted
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use, The University enlered into discussions with
the Spoctrum Management Agency (SMA) and it
was agreed that a series of tests should be carried
out to determine lhe sensitivity of the MOST to
interfering signals [rom local low power transmitters.
The results, together with theorctical predictions, are
intended to provide the technical basis for protection
of MOST observations when the 825-845 MHz band
15 sold for commercial use.

2 The Telescope

The MOST is a multi-element interferometer operat-
g ol 843 Mllz with a 3 MHz bandwidth (FWTIM}.
The rellectors of the MOST are two co-linear cylin-
drical paraholoids aligned east-west, each 11-6m
wide and 778 m long. These two arms are separated
by & 15 m gap and have a total aperture area of
more than 18000 m? (Robertson 1991). The MOST
incorporates 352 low noise preamplifiers, one for
each 12-5 A (4-4m) section. The linc feed of each
section is a resonant waveguide excited by a lincar
array of circularly polarised ring antennas (spaced al
{1-540 A). The amplified signals from the sections are
combined in groups of four, via computer controlled
phase shifters, to form the 838 hasic interferometer
clements {bays) of the MOST. The intermediate
frequesicy signals from each bay are processed to
form a set, of real-time fan beams, which arc sampled
every 24s. The natural coordinate system for the
MOST is analogous to an all alt mounting: #lf 1s
the angle of rotation of the entire structure about
its east—west axis, measured from the zenith with
north being positive; meridion distance (MD) Is
the angle between a beam and the plane of the
meridian, positive to the west (Robertson 1991). In
its usual mode of operation the MOST observes for
12 hours to form a high resolution image by the
process of back projection (Perley 1979; Crawford
1984). During an obscrvation, the bays track the
chosen field centre. A mechanical drive system tilts
the enlire structure to the appropriate elevation.
At the same tine linear phase and delay gradients
are applied to the line feed, thus guiding the beams
im MD. The RF phase shifters arc used to make
small rapid offsets in the MD pointing of the bays.
This facility, installed in 1995, enables the [icld of
MOST to be widened by time sharing (Large et
al. 1994), The MOST forms radio continuum images
with a maximum ficld size of 2°7° x 2. 7°cosec(é),
4 resolution of 43"x43" cosec(d) and an rms noise
level of ~1 mly per beam.

3 Beams and Sidelobes

A fan beam formed by the MOST at meridian
distance 0 is an arc of a small circle muaking an
angle {(7/2~0) to due west. The beam has a width
in MD of ~ 307 sec() and a width in the tilt
eoordinate of ~ 2° (FWHM). The principal sidelobes
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of the MOST are grating lobes arising from the
periodic bay structure. They arc alsc ares of small
cireles spaced at equal intervals of sin{#}), i.e. ~1-15°
sec(f). The grating lobes are largely suppressed as
they lie near the nulls of the bay responses. The
MOSL is designed to rcceive right-hand circular
(IEEE) polarisation. However, it has some sensitivity
to left-hand circular polarisation, particularly for
monochromatic interference for which there is no
delay decorrelation. If the MOST is sct to meridian
distance &, the corresponding left-hand polarisation
beam is at meridian distance —@, and it too hus
an associated set of grating lobes.

For distant interfering terrestrial transmitters,
the MOST is likely to have the greatest response aft
azimuths where the small circles defining the beams
and gratings intersect the horizon. However, [or
local transmitters the MOST will be out of focus to
some extent, and the gain of the heams and gratings
will be correspondingly reduced. For example, [or
gources al a range of ~ 1000 cos? (azimush) km the
curvature of the incoming wavefrant. reduces the gain
of the fan beams by 10 dB. For transmitters much
closer than this, recognisable fan beams are not
formed. The sidclobe response is then quasi-random,
rclatively small, and at any given azimuth, varies
rapidly with the MD setting of the telescope.

During a synthesis observation, this complicated
sidelobe respouse structure sweeps across any fixed
interfering transmitter, producing a signal in the
fan beams which fluctnates at o rate dependent on
the rate of change of MD. These fluctuations witl
be superimposed on those due to the transmicter
modulation and propagation cifects.

4 Theory

To provide some theoretical background for the
practical tests, we consider the likely effect on the
MOST of continuous narrow-band interference from
a terrestrial transmitter. In practice Lhe extent to
which astronomical observations are affected will
depend on a host of complex factors such as the
modulation characteristics of the transmitter and
the mode of operation of the MOST.

4.1 In-band Inlerference

If an interfering Lransmitter produces an irradiance
I at one section of the MOSL, then the interference
power p in the low noisc amplifier (LNA} input is

p=gIA*fdm, o)

where g is the sidelobe gain, with respect to an
isobropic antenna, in the direction of the transmitter
and A2 /4= is the effective collecting arca of anisatropic
antenna. The noise power N, also reforred to the
input of one section of the MOST, is
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N = kT, (2)

where Tgys is the system nokse temperature {~100 K)
and B is the bandwidth.

The voltages from the east and west arms are
combined separately in the multibeaming networks.
Power-linear fan beam outputs are then formed by
multiplying the signals from the two arms. The ratio
r of interfering signal to the rms nolse fluctuations
in a fan beam s

re—tP (3)
N/VBr

where 7 i3 the integration time and F is a measure
of the extent to which the interference signals from
each section add coherently; I is 1 for a random
walk addition.

If r is interpreted as the maximum tolerable
interference-to-noise ratio, equations {1}-{3} can he
combined to yield an expression for the maximum
tolerable interference irradiance:

i = ——1I, 4
e ng@ : )
where
kT B
T — Sy S — 4. -13 r —2‘ r,
o N dn 4-1x%10 Wm (5)

T'hus the maximum tolerable interference irradiance
Is proportional to the input noise power divided by
the collecting area of an isotropic antenna.

To proceed we need to assign realistic valucs to
the yuanlities =, », g and F. The appropriate
value for t is the time for which the radio
telescope integrates signals coherently. For filled
aperture  instrumenls this is pgenerally equal to
the observing time, which may be many hours.
For interferometers the appropriate time is the
lobe sweep time, typically measured in seconds
(International Telecommunication Union Huendbook
on Radio Astronomy—subsequently referred to as
ITT 1995). During a normal 12 hour MOST synthesis
ubservation celestial signals add coherently, but an
interfering signal lasting for much longer than one
215 sampling time would tend to add incoherently
into the synthesised image. A suitable valuc for 7 in
cquation (3) would appeartobe7 = 24 s. Inthis 24 s
saunple time an ‘acceptable’ interference level would
be 10% of the rms noise. While this factor is to some
extent arbitrary, it conforms with the guidelines
specified by the International Telecommunication
Uuicn (ITU 1995). Thus in equation (3) we set
7 =10-10, The factor ¢ is the sidelobe gain of a
section of the MOST far from the main beam. It
varies considerably with telescope peointing and the
azimuth of the interfering transmitter. FProvisionally

we adopt the value ¢ = 1, which is equivalent to
saying that the gain of one section of the MOST in
the direction of the trapsmitter is equal to that of
an isotropic antenna. Interfering transmitters will
generally be in the near-field of the MOST {ic.
out of focus} and at a large angular distance from
the MOST fan beams. Consequently interfering
signals from each section of the MOST will add
esscntially incohcrently and the appropriate value
of F in equation (3) is F' — 1. The prodnct Fg is
the sidelobe gain, relative to isotropic, of the whole
telescope. Substituting the above values of », 7, ¢
and /' into ecquation (4) yiclds

Fay — 4-9 % 10718 Wm~?

= — 173 dBWm™2. (6)

This expression for the tolerable interfering irradiance
is subject to the uncertainties indicated in the above
discussion. In particular we have taken the sidelobe
gain of the MOST to be unity. Experimental values
of the sidelobe gain based on the current serics of
tests arc presented in Section B,

4.2 Out-of-band Interference

Signals strong envugh to overload the MOST receiver
systemn can pradice inferference by intermodulation.
By this mechanism, transmitters well autside the
MOST passhand can generate interference in the
output. The cffcet is dominated by the third-order
term in the recelver response. Intermodulation
interference occurs when two sufficiently strong
signals have frequencies such that (2f, f») lic
within the MOST passband. The magnitude of
the interference, expressed as an equivalent in-band
power p, at the receiver input, is given by

2
pc;pl—?a (7)
i

where p; and ps are the powers generated in the
receiver input and -y is the third-order input intercept,
for the receiver. The third-order input intercept is a
theoretical point on the RF input versus 1F output
curve where the desired input signal and third-
order products become equal in amplitnde as the
RF input is raised (Mini-Circuits RF/IF Designer's
Handbook 1992). Combinations of signals from three
transmitters, or from onc transmitter, and the input
noise can also produce intermodulation interference,

To see how these effects arise in the MQST
consider Figure 1 which shows a simplified hlock
diagram of the receiver system and skectches of the
frequency response at each stage. Transmitters with
frequencies lying within the passband of the feed
system can generate intermodulation interference in
the LNAs, for which the measured third-order input



Intercept is s = —65 + 3dBW. The MOST
Is more sensitive to intermodulation interference
from transmitters with frequencies lying within the
band of the interdigital filter. The uon-lincarity
then oceurs in the frst stage of the IF amplifier,
the third-order inpug intercept, having a measured
value yp = ~78 + 5 dBW. The sensitivity of the
MOST to (two) ont-of-band transmitters can be
calculated by using these data and equation (7) in
place of equation (1) to express the interference
power developed at the input to one section of the
telescope.

Passbands
{MH?z)
843 T 20 MHz
- RF
_ L.NAs & Phasing
-25 +25
843 * 20 MHz
Interdigital filter
843 % 4 MiTz
25 +25
Mixer/I¥F
-25 +25

IF

Fignre ! Block diagram showing passbands at critical stages
in the signal path for one bay of the MOST. Sufficiently
strong signals within the passband of Lhe feed can geucrate
mterference Ly intermeodulation in the LNAs. Similarly,
signals within the narrower band of the interdigital filter
Gafl penerate interference by the sume mechanism in an IR
amplificr.

4.3 Ouerall Sensitivity of the MOST

Figure 2 shows the expected sensitivity of the MOST
to mterforence as a function of frequency. 1t s
based on the preceding discussion and knowledge
of the band shapes of the feed system, interdig-
ital fiiters and IF amplificrs. The sensilivity to
intermodulation arising between two transmitters
generating equal power in the LNA inputs is typ-
ically 80 -100 dB below the sensitivity to in-band
interference. Two other typical power levcly are
marked on the graph for reference. These are the
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level of interference recogniscd by the ITU (1495) ax
detrimental to continuum radio astronomy (throsh-
old of ~—183 dBWm 2 interpolated fron nearhv
frequencies), and the MOS) rms nojse level af
~1 mly, seen in a 12 hour synthesis image.

5 Test Transimnissions

A series of tests were carried out in conjunction with
the SMA and the Department of Communication and
the Arts (DCA). The DCA mobile test transtnitting
equipment was set up, over 8 days in 1996 between
July 22 and August 28, at four differcut elevated
sites. The test sites, choscn to he representative of
the future locations of Lransimitters, were situated
to the west and north of the MOST at distances
~30 k. The details are given in Table |

Table 1. Transmission site details

Site Mt Red Mt St
Tayior Hilt Ainslie  Georges
Lookout Hill
Bearing from 271 281 286 3
MOST (¥}
Distance (km) 31-7 244 264 366
Mecasured path 142 140 153 142
loss (dE)

After preliminary tests Lhe fransmitter frenquency
was set within the MOSTg bandpass at 844 MHz
(vertically polarised carrier, 20% AM modulated
with a I kilz tone). The cffective isotropic radiated
power (EIRP) was adjusted to avoid saturation of
the MOST receiver and was switched on/ofl at 2
(or 5} minute intervals. The SMA/DCA team set
up a standard antenna and calibrated receiver Lo
measurc the irradiance at the MOST. Botl: the
recciver and transinitter antenna heights were set
al 5 m,

5.1 Mcasurements of the Remote Sidelabes of the
MOST

The purpose of these tests was to determine the
typical sensitivity of the MOST (o interference from
the selected sites. For each transmitter location
the MOST was steered to 5 rilts (54", +30 &
0°) and 5 meridian distances (£60°, +30° & 0°)
making up a grid of 25 pointings.

The signals received by MOST during these rests
were recorded in two ways:

(1) The signal from one fan beam was recorded om
a chart recorder with a 0-5s time constant,

(2) The usual MOST data acquisition svstem was
used to calculate the rms signal across all 64
fan beams using a 24 s integration time.

On each dey uof testing a strong unresolved celestial
radio source was observed in order to calibrate bath,
the analogue chart records and the digital data
acquisition system.
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Figure 2 Expected sensitivity of the MOST to interferenve. The solid curve represents the response to in-band interterence.
intermodulation caused by two out-of-hand interference transmitters is represented by the dotted curves. The equivalen:
flux density is the irradiance/bandwidth expressed in Janskys.
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Figure 3 The sidelobe gain of the MOST shown as u [unction of tilt and meridian distance for the four tesi sites. The
darker shudings indicate & higher gain value according to the key shown. The dotted line on the Red Hill site shows the
truck of the MOST in tilt and MD during the synthesis observations.
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The chart recorder measurements of a single beam
showed large short-term amplitude variations even
though the signal from the calibrated test antenna
was steady. These fluctuations are thought to bhe
caused by time variable distortions of the incoming
wave [ront over the 1-6 km length of the MOST.

As the digital data acquisition systemn integrated
the sigual over 24 s, we were concerned that some of
the fine structure in the interference response might
be smoothed out. A detailed comparison of the
churt records and the digital results showed that the
interference peaks were rarely morc than 2 or 3 times
the rms signal measured digitally. Accordingly we
have used the digital data for subsequent analysis.

The data for all sites and telescope positions are
presented not as the observed signal strength but as
corresponding sidelobe gains of the MOST. These
gains are calculated using the known equivalent flux
density of the transmitter and the gain (1-0 x 108)
of the MOST main heam. Figure 3 illustrates the
different, gain levels observed for the four interference
gites. ‘T'he mean gains for the sites ure given in
Lahle 2. .

Tuble 2. Mean gains of the MOST

Site Mt Red Mt St
Taylor Hill Ainslie Georges
Lockout Hilt
Mean gain 006 D12 Ul.ﬂ 0.16

The average gain over all sites and telescope
positions is ~0-1. Examination of the detailed
results shows that the gain varies from £ 0.01 to
2 1. The scatter among the individual pointings
may arise because we have grossly undersampled
the complex sidelobe structure of the telescope,
as discussed in Section 3. For the three westerly
transmitters there is a slight tendency for the gain
to increase with MT). This is not surprising as at
high MD the main beam (or the left-hand polarised
bewrn) s directed lowards the west. The average
gain for the Mt Taylor transmitter, sitnated almost
clite west, appears to be Jower than the other three
sites, but this is barely significant in view of the
seatter. Owerall the gain for St Georges Hill (north)
ts slightly higher than for the other sites and shows
litlle varistion with MD. It is perhaps surprising that
the zain remains relatively high even when the MOST
i« tilted to the south where ane would expect the
rellector to screen the line feed from interference. In
the next section we describe the results of interference
mensurements made continuously during a 12 hour
synthesis ohservation.

5.2 Synthests Observations

Two tests were made to determine the susceptibility
of the MOST to interference during a normal

synthesis observation.  The first was a reference
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observalion taken on 1996 August 4 with no
interference transrnissions. ‘'l'he other taken on
August 28 had the test transmitter located at Red
Hill Lockout. Both observations were made in
the 70 arcminutc mode with the field centred on
RA. 10 26 25.0, Tec. =30 46 58 (131950). 'Lhe
transmitter had a 5 minute on, 5 minute off cycle with
an irradiance at the MOST of 5.6x10~1 Wm~2,
equivalent to a flux density of 1-9x10% Jy in the
MOST bandwidth.

PFigure 4 shows the rms signal across the €4 fan
beams during the 12 hour synthesis observation taken
on August 28. The transmitter shows strongly in
the first and last 30 minutes of the observation. The
strong broad feature in the middle of the abservation
is due to the Sun being recorded in a sidelobe. Short
duration spikes arc duc to nearby out-of-band mobile
phone interference. The interference seen strongly
at the beginning and the end of the observation
corresponds to a telescope gain g, which appears in-
consistent with the measurements of the gain at fixed
pointings (see Figure 3). The track of the MOST,
shown as a dotted line in Figure 3, has a corresponding
gain of the order 002 for most of the tixed pointings.
In fact the strong response in the synthesis observation
iz the result of a known {near end-fire) grating lobe
scanning Lhrough azimuth 2817, the bearing of the
transmitter located at Red [Iill Lookout. Figures Sa
and S5b show the effect of interference on an image.
These have been prepared from the two ohservarions
using standard MOST reduction software,

The image constructed from data taken on August
28 shows the effects of interference from the test
transmitter as well as interference from the Sun, the
strongest radio source in the sky. The horizontal
structure is caused by the transmifter and the
vertical structure by solar interference. It can be
seen in Figures 4 and 5b that the transmitter
and the Sun are contributing about equally to the
degradation of the image. Observations with the
MOST are usually made at night and, when daytime
observations arc required, the usual practice is to
schedule them to avoid the Sun in koown sidelobes
as much as possible. Scheduling of the Angust 23
obscrvation was determined by the awvailability of
the iLransmitter and hence we could not avoid the
Sun showing in a sidelobe.

fi Discussion

In Section 4 we analysed the expected sensitivity
of the telescope to interference as a function of
frequency by assigning a nominal value of 1 to the
remote sidelobe tclescope gain. The experimental
tests have shown thal this gein renges typically
from 0-01 to 1 and may be higher in directions
where grating beams are formed. Thus Tigure 2
may be used to define the interference tolerance of
the MOST.




il

Response of MOST Lo Terrestrial Interference

271

4C0
T

L / SMA transmitter

s N mdy

100

WL
1 i s

Solar

/ interference

il

A

06:07;48 500
AEST

1000 1500 17:58:36
ABST

Sample number

Figure 4 Dala [rom the 1996 August 28 synthesis observation plotted as flux density (rms mJy) versus samuple number.
I'he responsc Lo the test fransmitter’s on/off cycle is abvious at the start of the ohservation {MD near - 647) and the end
of the observation (MDD near 4+60°). Solar und mabile phone interference are alsn visible.

‘T'he site for the telcscope was originally chosen
hoping that the surrounding hills would provide a
neasure of protection from radio interference. The
interference tests with the SMA have incidentally
provided an opportunity to check the level of
protection afforded. By comparing the measurcd
path losses for the four test sites with those calculated
for the same distance aver a smooth Earth, we find
that the hills provide about 20 dB of additional
protection.

The SMA has independenlly analysed the data
from the tests and come to similar conclusions
about the sensitivity of the MOST to local in-band
transmitlers: for the worsl casc the maximum
tolerable irradiance is —184 dBWm™* (- 174 dBm
in an isotropic antenna). The SMA have used
the data from the collaborative tests and palh
loss caleulations to establish criteria for restricting
the future use of the 825815 MHz band. Their
report (SMA 1897) includes a table of permitted
radiated powers, which would not cause detectable
interference, as a function of distance and azimuth
from the MOST, antenna height and frequency. As
an indication of the power limite implied by the
table we quote three examples. For a transmitter
located 38 km north of the telescope (antenna height
of 10 m) the maximum radiated power (EIRP) is
5 W, The corresponding maximum allowable power

at 66 km s 50 gW and at 99 km iz LW, the
SMA recommendations, if adopted, would therctore
rule out the use of mobile phone transmitters in
the MOST passband throughout the Canberra and
Queanbeyan regions.

The Australian Communications Authority (ACA).
which has subsumed the Spectrum Manogement
Agency, has used the SMA report as the technical
hasis for Attachment 9 of the Draft Marketing Plan
for the PCS Spectrum Auction (www.aca.gov.an/
spectrum/auction/pes).  Attachment 9. entitled
Rudiccommunications Advisory Guidelines {Protec-
tion of Molongle Observatory Synthesis Telescope)
1097, sets out the compatibility requirement thaf
would provide the MOST with a reasonable lovel
of interference protection [rom transmitfers. A
suggested spproach to assessing the compatibility
is also pravided. Spectrum licences in the relevant
bands will require that operation of transmitters
under the licence must not interfere with the MOST.
This requirement to protect the MOSL will cease
at the end of 2008,

We believe that the ACA guidelines would
adequately protect the MOST provided they ave
strictly followed. After the sale of the spectrum
it will be the responsihility of the University to
monitor interfurence at the chservatory site and, i1
the event of any problems, to negotiate directly with
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the users of the bands. In such negotiations the
ACA would be prepared to act as a paid consultant.

At the same time the spectruin sale is proceeding,
the DCA is setting up a Review of Spectrum Man-
apenent Legislation to be completed by 30 June 1998
{www.dea.gov.an/whatwedo/govtrev.himl), The
terms of reference of this review make no mention
ol sclentific uses of the spectrum.

7 Coucluston

The MOST {unins a complex pattern of weak remote
sidelobes which sweep the horizon during normal
ohservations. The grid of 25 pointings used to
measure the MOS1"s susceptibility to. interference
showed thal in gencral the remote sidelobe gain
nf the telescope is ~0-!, but these tests proved
inadequate to specify the complete sidelobe pattern.
In particular, they did not reveal the formation
of ont-of-focus grating lobes such as that found in
the synthesis test. However, the collaborative test
program has heen broadly successful in determnining
the degree of protection required by the MQOST to
continue its high sensitivity Galactic and extragalactic
racio observations.

‘The T'I'U has listed threshold levels of infer-
ference detrimental to radio astronomy continuum

observations at internationally rccognised frequen-
cies for both single dish and interfervmeter modes
of operation. Interpolating their values to 843 MHz
vields a threshold of —183 dBWm™2. The MOST is
generally some 10 dB less sensitive Lo interference
than the I'I'U threshold, except in the directions of
graling lobes.

The ACA advisory guidelines, which are based
on the analysis of the test data by the SMA, are
adequate to protect the MOST.

Acknowledgments

The MOSYL is operated by the University of Sydney
and supported by a grant from the Australian
Research Council. We thank our colleagues in
the Department of Astraphysics for their continued
advice and encouragement in all aspects of this
paper. In particular we thank the telescope stafl,
Jeff Webb, Michasl White and Boyd Smithers, for
their technical support and for recrganising the
telescope maintenance schedule to allow us to make
daytime observations.

We acknowledge the professional approach of
Roger Smith, Geoff Hutchins and Jim Cleaves of
the Spectrum Management Agency in addressing
the difficultics arising from the proposed sale of the



Rusponse of MOST to Terrestrial Interference

apectral band used by the MOST. The measurements
depended on the loan of the mobile transmitter from
thie Department of Communication and the Arts, and
we thank Alastair Gellatly (SMA), Suvath Lee (SMA)
and lan Waters (DCA) for their collaboration in
planuing and carrying out the field tests at Molonglo.

We thank the referee for bringing to our attention
the status of the interference threshold published
Ly the ITU.

Crawierd, D, F. 1984, URS/TAU Symp. on Indirect Imaging,
vl J. A. Roberts, 8.7 {Cambridge Univ. Press), 373.
Lites national Telecommunication Union, 1985, in Handhook
on [tadia Astronomy {Geneva: Radiocornmunication Bu-

reeadl)

| iy
|
At

Large, M. 1., Cumpbell-Willson, D., Cram, L. E., Davison,
R. ., & Rubertson, I. G. 1984, PASA, 11, 44

Mills, B. Y. 1981, PASA, 4, 156

Mills, B. Y. 1961, Aust. 1. Phys., 44, 719

Mills, B. Y., Aitchisen, . E., Little, A. G., & McAdam,
W. B. 1063, Proc. IRE Aust., 24, 156

Mini-Clircuits, 1992, in RF/IF Designer's Handbook (New
York: Mini-Clirenits Division of Scientific Companants),
-4, '

Perley, R. 4. 1979, AJ, 84, 1443

Robertson, J. G. 1881, Aust. J. Phys , 44, 728

Spectrum Management Agency, 1997, Draft 800 MHz
Spectrum Licensiug: Propesed campatibility requiremocuts
with the Molonglo Observatary Synthesis Lelescope



Bull's Head Interference Incident

This has been the most prolonged and damaging
interference incident to affect obgervational data. The
severity has had a considerable detrimental affect on the
quality of the science coming from the Sydney Universily
Molonglo Southern Survey for the period 28/10/1992 to
27/7/2000., The first event was traced to a starting date
in late 1995. The turn on date found by searching our
image data base 1is 28-29/10/99 with a reporting datc to
the south east region office of the Australian
Communications Agency on the 3/11/99.

Ihree technigues were eventually used Lo 1sclate and
identify the signal source.

Thege are as follows

{a} trawling the ACA data base in the frequency
and postcode domains for possible transmitter siles.

{(h)] from ohservational data approximate azimuth
but not the range was determined.

{c) direction finding and identification by
triangulation and localizallion.

In this casc (a) and (b) proved indicative. The third
was successful in identifying the Lransmiller site.

The principle problem in identification arose out of the
nunber of communications sites which lay within the
region of uncertainty detecrmined by the observational
data.

The identification was only ©possible atter the
appropriate equipment had been assenbled, Lested and
made practical for mobile use. This consumed several man
mornths,

Other problems were the failure Lo identify the frequency
and the modulation mode using technigues (a) and (b).

Detection:

After several days of sorting out the origin of a number
of transmissions within the Canberra-Queanbeyan region
suspicion fell on a transmission emanating from a
communication gite 56 km west of the observatory. A
surprisingly high powcred wide band signal was detected
and localized to Bull's Head. 2 Telstra communications
site located on a peak west of Canberra 1in the
Brindabella ranges.

The position and nature of the sgignal was immediately
reported to the ACA.



Further investigation by ACA is summarized in their
letter explanation. This letter highlights the technical
and administrative failures which lead to this
unfortunate and avoidable interference problem.

DCW



Australian
Communications
Authority

File Reference;
Your Reference: 1000719

Mr Duncan Campbell-Wilson
1152 Hoskinstown Rd
HOSKINSTOWN NSW 2621

Dear Duncan
Interference to Molonglo Radio Observatory

L refer to your recent problem of interference to your observatory. - '

Telstra have a radio link from Bulls Head to Brindabella Telephone Exchange. This
link is assigned with a Bulls Head transmit frequency of 887MHz and a Brindabella
transmit frequency of 842MHz. The Brindabella transmitter's emission will overiap
with your observatory's receivers but should not normally cause a problem because of
the terrain profile between Brindabella and Hoskinstown.

Apparently an officer in Telstra decided the Bulls Head / Brindabella link might cause
a problem to their CDMA network and the remedy to this was to reverse transinit
paths of the link (possibly about October 1999), This, obviously was done without
regard to the impact neither on your observatory, nor with advice to the ACA. The
usual rules of frequency assigning and relocation do not apply in this case as the link
is operated under a Spectrum Licence. Spectrum Licensees are obliged to advice us of
frequency co-ordination details for their devices.

However, as soon as the problem was confirmed to be the reversed link, Telstra were
requested to rectify the situation. This was achieved with the willing assistance of
Telstra's local Radio Tech officer,

T would like to think the matter is now settled and will not re-occur.

Yours sincerely

NSW Area office

2 August 2000

Pusple Burcing, Benjamin Oifices, Chan Street, Belconnen, ACT

Trephare {02} 625?25?? t2(§aﬁslml|e {02) 6256 5566

Ifave | o
Sen St ntpdiweeienad gov E

Frstal Acdress: FO Box 132, BELCONNEN ACT 26146
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Burra valley RFT Incident
Date: 04-01-2001
Observation on 03-01-2001 of field centre EGS 278 was
rendered useclesgs by a new terrestrial source of
interference, location unknown .
The transmissions switching on angd off having abrupt
transistions characteristic of =5 communications signal,
possibly under test.
Date: 05-01-2001
Repeat observation of EGS 279  on 04/01/2001 shows
continucus interference consistent with a new link having
been installed.

Data Base Search:

link in the Burra Valley 27 kilometers sauth west of the
telescope on a bearing of 221 degrees.

The transmitter Power 1is 10 watts and the antenna's rear
lobe is about gz tactor of 40 legs than the forward power,
The link alignment directs the rear lobe power directly
at the observatory. The power radiated towards the
Cbservatory ig estimated at 0.250 watts,

The frequency allocation ig 840.4-841.6 Mg,

The ACA was called and the interference abruptly ceased.
Degraded lmages and data plots attached.

Notea:

No coordination at any time between spectrum users.,

Protection post incident .

DCW
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