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Improvement of measurement quality indications in GSM 04.71

1. Introduction

GSM 04.71 defines how the MS can indicate the quality of the ATD/RTD and ATD/RTD Change measurements in LLP. These quality figures are used for estimating reliability of the measurements.

Purpose of this document is to emphasize the problems that the current spesification (GSM 04.71 R98 version 7.20) has in the area of RIT measurement quality, and to introduce required improvements.
2. Discussion

Current version of the GSM 04.71 supports exactly the same quality figures for LMU that existed in GSM 04.31 in its earlier versions for MS. However, it was seen that these quality figures were inadequate and contradictory and they were replaced with the ones introduced in [1]. For the same reasons, the quality figures have to be changed in GSM 04.71. Basically only difference between OTD and ATD/RTD measurements is that LMU is more likely to make measurements continously, while MS makes the measurement more or less serially.

For the OTD, standard deviation of raw measurements and number of the measurements are reported as quality figures. These values can be used to estimate std of the reported OTD value. For the LMU, it does not make sense to use the exactly same quality figures since if LMU makes measurements continously, the number of the measurements increases all indefinitely and std of raw ATD/RTD measurements is not a rational quality figure (with a long measurement period, drift of the ATD/RTD values becomes significant). Locigal alternative is the standard deviation of reported ATD/RTD value. Mathematically this can be expressed as follows
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. The definiton does not commit itself on how the quality figure should be estimated (as it should not, since the estimation depends on how the LMU processes the raw measurements which is an implementation issue). Furthermore, the std of reported ATD/RTD is something that has to be estimated somewhere in the location system in any case, if one wants to estimate covariance matrix for the measurement errors (needed in weighting the measurements in the location calculation and when defining the confidence area for the location estimates).

In addition to the ATD/RTD values, LMU measures ATD/RTD Change,  Reference AT, and Reference AT Change. As important as it is to report quality figures for the ATD/RTD, it is to report quality figures for these other measurements as well. Therefore, it is locigal to introduce following three new quality figures:

1. ATD/RTD Change Quality =
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 is the reported ATD/RTD Change and  
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2. Reference AT Quality =
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 is the reported Reference AT value and  
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3. Reference AT Change Quality =
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Since the value range can differ from implementation to other very much and the behaviour can be very dissimilar in different environments, it proposed that these values can be reported with different resolutions in order to minimize the amount of bits needed to describe the required range of values. 

For the ATD/RTD value reporting resolution is 0.005 micro seconds and for the Reference AT it is 0.004 micro seconds. Therefore it sensible to define the smallest possible resolution as ~0.005 micro seconds also for their standard deviations. On the other hand it is a reasonable assumption that the maximum std for the AT or ATD/RTD will be less than 3 micro seconds. Now, if the value range for the quality figures is (0,63), i.e. 6 bits are used, the largest resolution should be ~0.05 micro seconds. Using similar reasoning for the ATD/RTD Change quality and AT Change quality, following coding is proposed:

For each quality figure, 6 bits are used to describe the value range (0-63).

For each quality figure, 2 bits are used to describe the resolution as follows:

ATD/RTD Quality and Reference AT Quality 

'0'   
0.005 micro seconds,

'1'
0.01 micro seconds,

'2'
0.05 micro seconds,

'3'
reserved for future purposes.

ATD/RTD Change Quality and  Reference AT Change

'0'   
0.00005 ppm,

'1'
0.0001 ppm,

'2'
0.0005 ppm,

'3'
reserved for future purposes.

For more detailed description of the quality figures' coding, see 04.71 CR A005.

3. Conclusions

It was realised that the current spesification (GSM 04.71 R98 version 7.2.0) can not be used to define reliable quality estimates for the ATD/RTD measurements and in addition it is missing several other necessary quality figures (such as quality figures for ATD/RTD Change, Reference AT, and Reference AT Change). Therefore, there is a need for changes. Furthermore, it was seen that the std of reported value is the best alternative for a quality figure and coding to present the quality figures in LL-protocol was proposed. 
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� This is a basic definition for standard deviation and it can be applied to any random variable x.
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