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GSM MS output power distribution by network analysis of all calls
INTRODUCTION 
A GSM MS adjusts its output power to provide sufficient signal strength at the BTS for acceptable quality of service, while at the same time keeping the output power as low as possible in order to minimize interference and increase battery life. Depending on the predominant location of the user traffic relative to the BTS the MS output power will vary significantly. This MS_TXPWR distribution for a mature GSM network is important in order to evaluate the MS_TXPWR back-off when usages of higher order modulation and contiguous timeslots for GERAN Evolution.   
OBJECTIVE 
To analyze the MS output power distribution in various environments and evaluate typical average MS output power.
METHODS
TeliaSonera has performed GSM network measurements in different locations in Sweden using the Ericsson MRR software feature. In this way comparisons can for example be made between urban and rural areas as well as with company indoor GSM office networks.
Customized software has been developed at Ericsson which registers the output power of a T28 mobile phone during normal use. The information is stored in non-volatile memory and can be downloaded to a PC for subsequent analysis. In addition to output power information the number of calls, frequency band and timing information as well as DTX (discontinuous transmission) information is stored. Some users within the Stockholm area were used to characterize typical mobile phone output power distribution. The DTX feature in GSM reduces the RF output substantially while not talking and in the sample measurements using test phones this is taken into account, in contrast to the network statistical analysis where this information is not available. 

RESULTS 
In order to compare urban and rural areas a number of communities with large differences in density of inhabitants as well as indoor office networks have been selected for comparison. As can be seen from the figures of Stockholm City region – a metropolitan area, and Sunne Municipality – a rural village including countryside surroundings, there are noticeable differences in the output power distribution. The GSM network analysis is based on all calls in the communities during one week in September 2001. In Stockholm City there is both a GSM900 and a GSM1800 network whereas in Sunne there is only a GSM900 network. In the sample measurements using test MS primarily in the Stockholm area mixed use typically corresponded to an average output power of approximately 20 % of maximum available output power. 
CONCLUSIONS 
The average output power of an MS is often well below the maximum available output power but there are significant differences depending on the location of use. 
In a mature GSM network the BTS sites are mainly planned to support the majority of the offered traffic with as low coupling loss as possible by hitting the local traffic “hot spots” with the sites. However, simulations are run on idealized antenna patterns looking over equally propagation paths serving evenly offered traffic density.
Therefore the result in this case looks better in real life than in the simulations with respect to MS_TXPWR_cdf/pdf. However, rural noise limited BTS as Sunne with few neighbour cells have a higher proportion of high MS_TXPWR (50% below 31 dBm) than urban BTS like in Stockholm (90% below 31 dBm). Also cheap in-door pico BTS are usually operated with lowest MS_TXPWR (100% below 31 dBm). Observe that RACH and HO_CMD bursts are always transmitted with full MS_TXPWR that are included in these cdf/pdf figures.  
MS_TXPWR back-off is in real life a minor problem for higher throughput coverage in urban areas when MS is using up to all 8 timeslots in the up-link with the already specified MS Type 2 duplex filter (cf. UMTS900). Rural sites like Sunne with inter site range of ~10 km it would be best to switch to MS Type 1 if MS_TXPWR does not allow Type 2.  
MS_TXPWR distribution in Stockholm (above) and Sunne (below)
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