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I EXECUTIVE SUMMARY  

I.I BACKGROUND 

The objective of this survey was to assess QoS of GSM mobile networks as perceived by consumers 

under everyday conditions of use. 

The survey was carefully prepared, with the target operators and the consumer defence bureau DECO 

involved in the definition of methodology. The comments and suggestions made by them were duly taken 

into account. 

According to recent statistics, nearly 5 million people, or 1 person in every 2, regularly use the mobile 

networks in Portugal. If we add to this the diversity of terminal equipment available on the market and the 

particular needs of each and every user, it is impossible to gain an extremely precise picture of how the 

consumer interacts with the mobile network. 

This survey must therefore be seen as a general description of behaviour on the mobile networks as a 

whole, and great care should be taken in applying it to specific situations. 

Though expensive and time-consuming, automatic end-to-end testing does provide exact information on 

the quality of service (QoS) provided by a given telecommunications operator. The methodology followed 

allowed us to assess quality of service on the spot, giving us as realistic a picture as possible of network 

performance from the user’s point of view. 

With this approach in mind, we planned and conducted QoS assessment testing on the GSM mobile 

networks of OPTIMUS, TELECEL and TMN. The results of these tests are reported below. 

Measurements were taken in the period from 31/01/2000 to 05/05/2000. A total of 23 446 test calls were 

made in 23 cities and 10 major road arteries during a total of 250 hours and over a mileage exceeding 

10000 km. 

The technical and methodological options taken on this survey had a direct influence in the results, and 

therefore should be taken into account when it comes to analysing the results. The following aspects are 
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particularly important: 

• The terminal equipment used was dual band with EFR. Users whose terminal equipment 

does not have these characteristics can reasonably be expected to obtain network 

performance which is poorer than the results of the survey suggest; 

• The testing equipment used was automatic, eliminating the subjectivity inherent to the 

human user and ensuring equality of assessment conditions for all 3 network operators 

targeted by the survey; 

• Tests were carried out from moving vehicles with roof mounted antennas; 

• For simultaneous analysis of accessibility and audio quality we set a standard conversation 

time of 75 seconds, which was the average duration of calls made on the networks in 

question in 1999. Our results do not permit us to extend conclusions for calls of longer 

duration. The ability of the networks to sustain uninterrupted conversation for longer calls will 

be assessed in a future survey. 

• The results of the survey reflect only the behaviour of the networks at the place and the time 

measurements were taken. 

• Operators are continually improving their networks in term s both of coverage and audio 

quality. The operations necessary for these improvements may cause momentary disruption 

to the service in the geographical areas affected. 

I.II  M AJOR CONCLUSIONS  

All in all, the results of our survey show that the performance of the GSM mobile networks in Portugal is 

good. 

There is no significant difference in audio quality between calls made in cities and the major road arteries 

in which testing was carried out. 
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Around 60% of the calls made via the networks of TMN and TELECEL have good audio quality. This 

figure comes near to 75% for the third operator, OPTIMUS, which, as the last to enter the market, has the 

benefit of technology that was not available when the other two operators began their activity. 

The ability of the networks to set up and hold voice calls (accessibility) is generally good and on a par 

with quality levels in the UK and France, as we can figure out by comparing the present results with those 

of the most recent studies by the British and French regulators.1 

However, call failure rates give cause for concern in certain areas of the country, especially Lisboa and 

Porto, where network overload is an obvious problem. 

All networks have good coverage. There are still some “shadow zones”, however, due either to local 

topography or artificial obstructions which hinder the normal radio propagation. 

                                                                 
1 http://www.oftel.gov.uk/feedback/mble0500.htm  -  http://www.art-telecom.fr/   
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1 SURVEY TECHNICAL DETAILS  

1.1 QUALITY OF SERVICE INDICATORS 

This survey assessed three quality aspects of a mobile network, which are fundamentally important from 

the user’s point of view: 

a) Accessibility: The ability of a mobile network to set up and hold calls. 

More specifically, the ability to successfully establish calls between two terminals on the same 

network or between a terminal on a mobile network and a terminal on the PSTN (Public Switched 

Telephone Network). 

In the cases where the call was not established or where it was interrupted during conversation, 

the cause of the failure or interruption is indicated. 

b) Coverage: Signal levels. 

The test equipment used allowed us to measure the strength of the signal received by the mobile 

terminal. Measurements were taken on the BCCH2 control channel and therefore were not 

affected by frequency hopping and downlink power control algorithms. 

All measurements are geo-referenced to allow their subsequent mapping for easy visualization of 

the coverage levels of each operator. 

Table 1 – Signal strength on the control channel 

Signal strength (dBm) 
> -77 Good 

-86 a -77 Fair 
-110 to -87 Bad 

c) Audio quality: These tests measured conversation perception for successful set up calls over a 

pre-determined period of time. 

                                                                 
2 Broadcast Control Channel – Transports information to all mobile stations (MS’s) served by a specified BTS (Base Transceiver Station). Transmission 

occurs in downlink mode and carries a number of different control parameters, such as : CI (Cell Identity), LAC (Local Area Code), MCC (Mobile Country 

Code), MNC ( Mobile Network Code) and FH algorithm (Frequency Hopping). 
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To measure audio quality, the test system simulates a telephone conversation between two 

users. 

The assessment method for perceived audio quality is based on the “E-Model” recommended by 

the ETSI3 (ETR 250) and the ITU4 (ITU-T Recommendation G.107). This model serves as the 

basis for calculation of the MOS (Mean Opinion Score). 

 

 

 

 

 

Figure 1 – Methodology for measuring audio quality. 

The MOS scale quantifies the effort necessary for conversation to be perceptible. Where 

perception is nil, the MOS value is 0; perfect perception has a MOS value of 5. These values are 

merely theoretical extremes and are never recorded in real measurements. 

Table 2 – The MOS Scale 

MOS Quality 
5 Excellent 
4 Good 
3 Fair 
2 Poor 
1 Bad 

1.2 METHODOLOGY  

The methodology followed by this survey was based on 3 fundamental aspects: 

a) End-to -end measurement: measurements are made between two terminal points on the mobile 

network or between one mobile terminal and one PSTN terminal. 

                                                                 
3 European Telecommunications Standards Institute. 
4 International Telecommunications Union. 

Echo 

Interruptions 

Distortion 

Attenuation 

Noise E-Model  MOS 

Measurements Computational Model Mean Opinion Score 



QoS-GSM: Survey on the Quality of Service of Mobile Networks   Page 8 of 20 

End-to-end testing has a number of advantages: 

• Same point of view than the real consumers; 

• Reflects connection problems as experienced by consumers; 

• Allows to pick a sample in such a way that results reflect realities as perceived by the 

consumer in general (selection of routes, num ber and duration of calls, time of day when 

measurements are made, etc.); 

• Reveals the problems affecting networks and allows them to be located; 

• Allows comparison between the performances of different networks. 

b) Impartiality: Measurements on the networks of the three operators (OPTIMUS, TELECEL and 

TMN) were carried out simultaneously to ensure equality of test conditions. 

c) Objectivity: testing was fully automatic, thus eliminating the subjectivity inherent to human 

intervention or decision. 

Tests consisted in the set up and hold of voice calls in the conditions listed below: 

1. Tests between mobile and PSTN terminals are denominated type-A, or mobile-fixed, 

measurements; tests between terminals on the same mobile network are designated type-B, or 

mobile-mobile, measurements. 

2. In mobile-mobile measurements, one terminal remained stationary, at a place with good 

coverage, while the other terminal was in continuous movement throughout the city or road under 

test. 

Table 3 – Origin and destination of test calls. 

  Destination 
  TMN TELECEL OPTIMUS PSTN 

TMN ü --- --- ü 
TELECEL --- ü --- ü 
OPTIMUS  --- --- ü ü O

rig
in

 

PSTN ü ü ü --- 

3. Calls were initiated alternately by one terminal then the other; regardless of which terminal made 

the call, audio quality (MOS) measurements were taken in both directions during a simulated 

conversation. 
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4. Where the first call attempt failed, a second attempt was made immediately afterwards. 

5. After the call was successfully established, a simulated conversation with a maximum duration of 

75 seconds was held (this duration is shorter in cases where the call was abandoned or where 

the call set up time was long). 

6. Calls were initiated (one for each operator) at 2-minute intervals. 

1.3 TESTED AREAS 

Since the aim of the survey was to assess the quality of the service provided by mobile operators as 

perceived by the user, we selected areas where these services are most used, i.e. urban areas and 

major road arteries. We also took care to spread the survey around all regions of mainland Portugal. 

For the major road arteries, we selected motorways and principal A-grade roads. 

The urban areas covered by the survey represent around one third of the population of Portugal, 

according to latest Census figures. 
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Figure 2 – Urban areas and major road arteries covered by the survey. 
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Table 4 – Urban areas and population (91 Census) 

City No. of inhabitants 
Viana do Castelo 83 095 
Bragança 33 055 
Braga 141 256 
Vila Real 46 300 
Porto 302 472 
Vila Nova de Gaia 248 565 
Viseu 83 601 
Guarda 38 765 
Aveiro 66 444 
Coimbra 139 052 
Castelo Branco 54 310 
Leiria 96 517 
Santarém 62 621 
Lisboa 663 394 
Amadora 181 774 
Almada 151 783 
Setúbal 103 634 
Portalegre 26 111 
Elvas 24 474 
Évora 53 754 
Beja 35 827 
Portimão 50 761 
Faro 38 833 
  

Total 2 726 398 

 

 

Table 5 – Road arteries 

Road artery Approximate distance (km) 
Lisboa-Sintra-Cascais-Lisboa (A5 + IC19) 605 
Lisboa-Porto (A1) 3006 
Lisboa-Torres Novas -Castelo Branco (A1 + IP6 + IP2) 2406 

Lisboa-Vila Real de Sto. António (A2 + IP1) 3306 

Vila Real de Sto. António-Lagos (EN 125) 1356 

Lisboa-Évora-Elvas (A2 + A6) 2106 

Porto-Braga-Valença-Viana do Castelo-Porto (A3 + IC1) 2406 

Porto-Bragança (A4 + IP4) 2206 

Aveiro-Vilar Formoso (IP5) 2006 

Vila Real-Figueira da Foz (IP3) 2306 

  

Total 2 165 

                                                                 
5 These roads were travelled 6 times during measurement campaigns. 
6 These roads were travelled 3 times during measurements campaigns. 
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1.4 MEASUREMENT CONDITIONS 

Given the population density of the Lisboa and Porto areas, and to make the survey as representative as 

possible, test campaigns in these areas were carried out over several days. We also spread testing to 

cover the morning and evening rush hours, and therefore the whole daily test period lasted from 8am to 

8pm. 

In the other urban areas, test campaigns were carried out in a single day. 

For the road arteries, to make the survey as representative as possible, we made 3 journeys for each 

artery: 2 for mobile-fixed measurements and 1 for mobile-mobile measurements. 

1.5 TESTING AND MEASUREMENT EQUIPMENT 

The equipment used for testing was the TEKTRONIX M366plus, a QoS analyser for GSM networks. 

Major Features: 

• Supports measurement on GSM 900, DCS 1800 and dual-band; 

• Supports simultaneous measurement of 3 operators/networks; 

• Supports geo-referencing of all measurements; 

• Data obtained can be post-processed with special tools, developed by the manufacturer, 

enabling the compilation of full reports. 

• Testing equipment can be configured for call duration, number dialled and time between 

calls. 

The equipment comprises two measurement units: 

a) Base Station: the fixed node of the M366plus system. It incorporates 3 PSTN interfaces and 

DSP7 measurement boards. The base station is connected to a PC via which configuration and 

maintenance can be performed. 

                                                                 
7 Digital Signal Processor 
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This unit makes and receives voice calls, performs quality measurements and stores data. 

b) Mobile Station: This unit includes 3 mobile terminal interface boards with incorporated DSP, 

each of which is linked to 3 SAGEM OT75-M dual-band mobile telephones with EFR.8 It also 

includes a board for processing GPS signals. The antennas for the GPS and the 3 mobile 

telephones were placed on the roof of the vehicle (when the unit was mounted in a vehicle). 

The mobile station is connected to a portable PC for purposes of configuration and maintenance. 

The operations performed by this unit are identical to those performed by the Base Station: it 

makes and receives calls, carries out quality measurements and stores data. 

As its name indicates, the mobile station is designed to take measurements while in motion – 

mounted in a vehicle, for example. Nothing however prevents it from being used while stationary. 

1.6 POST-PROCESSING TOOLS 

The M366plus analyser comes with a software tool, “Report”, which supports the storage and 

organization of information, plus the generation of statistics on the data obtained by the measuring units. 

The files generated by the measurement units are organized into a database structure. “Report” can 

therefore use MS ACCESS or ORACLE to perform this action. 

This software tool makes it possible to generate different reports on single or multiple sessions, to greater 

or lesser degrees of detail. 

The M366plus incorporates a GPS receiver which makes it possible to geo-reference all measurements. 

This information is processed by the “GeoReport” tool which, in conjunction with a third tool, “MAPINFO”, 

makes possible visualization of statistics in the form of a digitally-generated geographic map. 

                                                                 
8 Enhanced Full Rate – Voice encoder/decoder enabling audio quality comparable to that of the PSTN line. 
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2 RESULTS  

2.1 DEFINITIONS  

 

MOS:  Mean Opinion Score – Audio quality index for end-to-end communication. Has 
value 0 when no communication exists and value 5 when communication is 
perfect. Values 0 and 5 are merely theoretical and therefore never appear in 
real measurements. 

   
Routed calls:  Calls successfully established by the network between the two ends (i.e. the 

call reaches the called terminal). 
Abandoned during conversation:  Calls which are successfully established but which are then abandoned during 

conversation. 
Normal release:  Calls that are successfully established and successfully completed. 

   
Calls not routed:  C alls which fail to connect the two terminals (i.e. the call fails to reach the 

called terminal). 
   

Abandoned calls:  Calls that are abandoned either in the call set up phase or during conversation. 
Call ending cause:  The reason for the abandonment of calls. 

No service:  Service unavailable (no network coverage). 
Congestion:  Network overload. 
Radio link failure:  Failure in the radioelectric channel between the mobile terminal and the base 

station. This may occur when the mobile terminal enters a network shadow 
zone. 

Other:  Other call abandonment causes. 
   
RSSI (dBm):  Received Signal Strength Indication – Indicates the strength of the signal 

received by the mobile terminal. The RSSI is measured on the control channel 
(BCCH) and therefore is not affected by frequency hopping or downlink power 
control algorithms. 

   
BCCH  Broadcast Control Channel – Sends information to all mobile terminals (MS’s) 

served by a given BTS (Base Transceiver Station). Information is sent in 
downlink mode and includes a range of control parameters such as: CI (Cell 
Identity), LAC (Local Area Code), MCC (Mobile Country Code), MNC (Mobile 
Network Code) and FH (Frequency Hopping) algorithm. 

   
PSTN:  Public Switched Telephone Network. 
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2.2 URBAN AREAS 

2.2.1 A CCESSIBILITY 
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2.2.2 A UDIO QUALITY 
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2.3 MAJOR ROAD ARTERIES  

2.3.1 A CCESSIBILITY 
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2.3.2 A UDIO QUALITY 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mobile-Mobile Mobile-Fixed Global Mobile-Mobile Mobile-Fixed Global Mobile-Mobile Mobile-Fixed Global

1859 3479 5338 1862 3485 5347 1858 3478 5336
100% 100% 100% 100% 100% 100% 100% 100% 100%

1 4 5 6 6 12 5 4 9
0,05% 0,11% 0,09% 0,32% 0,17% 0,22% 0,27% 0,12% 0,17%

9 13 22 43 28 71 104 32 136
0,48% 0,37% 0,41% 2,31% 0,80% 1,33% 5,60% 0,92% 2,55%
464 979 1443 1218 1146 2364 660 1396 2056

24,96% 28,14% 27,03% 65,41% 32,88% 44,21% 35,52% 40,14% 38,53%
1385 2483 3868 595 2305 2900 1089 2046 3135

74,50% 71,37% 72,46% 31,95% 66,14% 54,24% 58,61% 58,83% 58,75%
0 0 0 0 0 0 0 0 0

0,00% 0,00% 0,00% 0,00% 0,00% 0,00% 0,00% 0,00% 0,00%

Performed 
Calls

Operator   OPTIMUS TELECEL TMN

Call Type   

Total   

Poor

3 Fair

4 Good

5 Excellent

M
O

S

1 Bad

2

Audio Quality
Major Road Arteries

0%

20%

40%

60%

80%

OPTIMUS TELECEL TMN

Bad Poor Fair Good Excellent



QoS-GSM: Survey on the Quality of Service of Mobile Networks   Page 19 of 20 

2.4 GLOBAL 

2.4.1 A CCESSIBILITY 
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Call Type Mobile-Mobile Mobile-Fixed Global Mobile-Mobile Mobile-Fixed Global Mobile-Mobile Mobile-Fixed Global
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2.4.2 A UDIO QUALITY 
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