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                Identifying and Solving GSM Radio Interference

                Case Studies

                
                    Goals to Resolve Interference

The first step in the testing process was to come up with a list of potential reasons why the interference is occurring. This is a crucial first step to resolving the problem. We came up with the following list of potential sources:

- Wireless Operator is overpowering (saturating) the input to the public safetyâ€™s radios.

- Adjacent Wireless Operator channels in the Aâ€�-band are interfering with public safetyâ€™s control channel at 868.7625 MHz.

- Wireless Operator channels are mixing in the Countyâ€™s radios to produce intermodulation products that are on top of public safetyâ€™s channels.

- Public safetyâ€™s coverage and signal-to-noise (S/N) levels are borderline andare therefore impacted by any RF from nearby wireless operator sites.

In order to fully understand the impact of these potential sources of interference, we will need to add one additional test. The goal of this fifth test is to define a relationship between the composite power level of a Wireless Operator GSM signal and a public safety control channel when both signals are transmitted at the same center frequency.

This information is necessary to understand which intermodulation products pose a problem with public safety. As an example, it may be possible to have a 5th order intermodulation product at 878.7625 MHz (inside the radio) if the composite power is adequately below the composite power level of the countyâ€™s control channel which is at the same frequency.

Things get a little trickier when there is an offset between the center frequency of Wireless Operatorâ€™s signal and public safetyâ€™s signal. In these situations, we need to look at where on the GSM the Wireless Operator overlaps with public safetyâ€™s narrow 10 kHz signal.

As a final step we will need to verify our results in the field on actual problems for two different scenarios. First we will need to look at an area where public safetyâ€™s power level is high, such as â€“70 dBm and where it is borderline at around â€“110 dBm.

Identifying Root Cause(s) of Interference

Public safety allowed the testing to be performed at their facility. The location had strong over-the-air control signals from one of public safetyâ€™s towers in the area.

A 3-way splitter was used to inject up to three signals into a Motorola XTS 5000 radio. The Motorola XTS 5000 is a common radio used by the county and it provided a tone when it could not see a control channel from public safetyâ€™s RF network.

Two of the three ports of the splitter were connected to the signal generators. These signal generators were used to transmit signals at various center frequencies and amplitudes to mimic the interference from Wireless Operator sites. Signal generator #1 was used to transmit GSM signals whereas signal generator #2 generated constant wave (CW) signals.

The last port of the splitter was dedicated to injecting public safetyâ€™s control channel into the radio via the omni antenna from the Motorola radio. As indicated earlier, the isolator was used to prevent over-the-air retransmission of the signals from the signal generators.

A Keysight Handheld FieldFox is shown on top of the signal generators. This handheld test unit was used for various spectrum analysis and return loss measurements.

FieldFox has the capability to make vector network analysis, power meter and spectrum analysis measurements, and is designed for installation and maintenance use. In addition, FieldFox can make network analysis measurements without using a calibration kit, this is very powerful feature for field work.

In general, the front end of a radio is comprised of a duplexer, amplifier, mixer and VCO (voltage controlled oscillator). The duplexer plays the role of splitting both the transmit and receive signals, as well as providing

pre-selection. Transmitting signals are up-converted from an IF frequency to carrier frequency. On the other hand, receive signals are filtered through the duplexer and LNA, down convert to IF frequency via the mixer, then demodulated to get an audio signal.

The channel selection is done in the IF band, so the front end is relatively wide. It is easier to provide channel selectivity on IF frequencies than to design a tunable RF filter in the front end and a wider front end creates its own set of issues.

Return loss measurement

Before beginning the formal testing, we wanted to evaluate the front end of the Motorola XTS 5000 to see what kind of pre-selection it has. We performed a return loss measurement on the antenna port of the radio under test. Figure 4 shows the return loss of the radio we used for the testing.

The measurement shows that the front end of the radio (up to the internal amplifiers) is wide open from 850 to 950 for a return loss of 6 dB. This makes input saturation a real possibility for interference between public safety and carriers with low antenna sites.

Given the close proximity of public safetyâ€™s frequencies to carriers utilizing the Aâ€� band, the potential for adjacent channel interference is high regardless of the selectivity of the radioâ€™s front end.

This is especially true for carriers transmitting GSM at high power levels. Therefore, adjacent channel interference, receiver intermodulation, and blocking are all potential problems that might arise between public safety and low Wireless Operator antenna sites.

Interference vs. public safety control channel power levels

Before testing for input saturation, adjacent channel power interference, and intermodulation, we needed to understand the relationship between the power levels for interference and public safety channels. In order to perform this test, we utilized the test setup shown in Figure 1 using only one signal generator for this test.
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United Kingdom
Canada
India
Malaysia
Netherlands
Australia
South Africa
France
Germany
Singapore
Sweden
Brazil
Afghanistan
Ã…land Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brit/Indian Ocean Terr.
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canary Islands
Cape Verde
Cayman Islands
Central African Republic
Chad
Chile
China
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Congo
Congo, The Dem. Republic Of
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CÃ´te d'Ivoire
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Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands
Faroe Islands
Fiji
Finland
French Guiana
French Polynesia
French Southern Terr.
Gabon
Gambia
Georgia
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guinea
Guinea-Bissau
Guyana
Haiti
Heard/McDonald Isls.
Honduras
Hong Kong, China
Hungary
Iceland
Indonesia
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jordan
Kazakhstan
Kenya
Kiribati
Korea (South)
Kuwait
Kyrgyzstan
Laos
Latvia
Lebanon
Lesotho
Liberia
Libya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia
Moldova
Monaco
Mongolia
Montserrat
Morocco
Mozambique
Myanmar
N. Mariana Isls.
Namibia
Nauru
Nepal
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Samoa
San Marino
Sao Tome/Principe
Saudi Arabia
Senegal
Serbia and Montenegro
Serbia
Montenegro
Seychelles
Sierra Leone
Slovak Republic
Slovenia
Solomon Islands
Somalia
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
St. Vincent and Grenadines
Suriname
Svalbard/Jan Mayen Isls.
Swaziland
Switzerland
Taiwan, China
Tajikistan
Tanzania
Thailand
Timor-Leste
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Turkey
Turkmenistan
Turks/Caicos Isls.
Tuvalu
Uganda
Ukraine
United Arab Emirates
US Minor Outlying Is.
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Viet Nam
Virgin Islands (British)
Virgin Islands (U.S.)
Wallis/Futuna Isls.
Western Sahara
Yemen
Zambia
Zimbabwe
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