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Handset Classification

The issue of the handset classification needs to be explained in a more clear format in order for participant in RAN4 to be able to make a decision as to how to proceed forward.

In order to illustrate the concept of classification and banding structure, it is necessary to highlight the main parameters that contribute to the overall classifications. These parameters are: 

1. Time To First Fix (TTFF): This determines the time, from cold start, to the first initial location fix by the handset. This is measured in terms of seconds.
2. Location Accuracy: This indicates the accuracy of the handset in terms of measuring its location within certain accuracy. This is measured in terms of uncertainty shape around the reference point either as a circle or as an ellipse. 
3. GPS receiver sensitivity. This is the ability of the receiver to be able to pick up GPS signals from various satellites scattered in the sky. This is measured in terms of dBm. 
4. Multi-path Effects. The effect of signal bouncing from various obstacles can degrade the performance of the GPS measurements especially if the signal strengths are low.

Mobile handsets, equipped with GPS, have differing performances in terms of TTFF, accuracy, sensitivity and dynamic range. Assuming that same measurements are used to determine the performance of handsets, different handsets will have different performances.  These differing values in parameters can be attributed to:

· differing the internal architecture of the handset, 
· base-band and the radio design of the handset 
· chip sets used 
· antenna inside the handset 

· packaging

· orientation of the handset(how is the device held )
As discussed in previous contribution, the GPS Performance is dependent on numerous parameters and on the radio environment in which the handset is operating in. Therefore simple classification of handsets is going to be extremely challenging if all GPS parameters are considered as a single yet complex entity. Thus out of all the main parameters that go into defining the GPS performance, a minimum set of parameters must be selected to act as a performance yard stick. 

From an operator’s perspective, who is interested in providing emergency and location-based-services to its customer, the speed of GPS response, from the time a location fix is requested, the accuracy of the geographic location and where the handset can be successfully used (receiver sensitivity in various outdoor and indoor conditions) are the most important parameters. 

Thus it is proposed in this document that for the purpose of handset classification the Time to First Fix TTFF, accuracy and sensitivity to be considered as the three main parameters. 

 Figure 1
, Figure 2 and Figure 3, below provides an indication of the TTFF, accuracy and sensitivity performance expected from a number of handsets. The figures illustrate qualitatively that handsets with faster TTFF may not necessarily yield the most accurate location fix, nor best sensitivity and vice versa. If classifications was to be determined from TTFF, accuracy  or sensitivity figures alone then handsets above the red line on Figure 1 will be graded as poorer performing handsets and the below the red line as better performing ones.
Similarly for the accuracy plot Figure 2 handset below the red line would yield a better location accuracy and would be considered as better performing handset and the ones above the red line would be considered poorer handset as the location fix is much coarser. 

Similar comparison can be applied for the sensitivity plot, Figure 3, where handsets falling below the red line would have higher sensitivity and therefore classed as better handsets.
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 Figure 1 Example TTFF performance of a number of handsets

As three parameters must be considered together a combined three dimensional plot of TTFF, Accuracy and sensitivity, is created. See Figure 4. The points on the resulting plot, are then combined performance of the handsets. Points closer to the origin are better handset in terms of TTFF, Accuracy and Sensitivity.
By reference to this combined plot, a simple banding structure can be devised where for example, handsets furthest away from the origin, can be classed as Class 1, handset in the middle region as class 2 and handset that fall closest to the origin as class 3. Again it must be stressed here it is assumed all handsets have undergone the same parameter tests.
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Figure 2 Example accuracy performance of a number of handsets
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Figure 3 Example of sensitivity performance of a number of handsets
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Figure 4 Example of the combined TTFF accuracy and sensitivity plots
Class 1 handsets would fulfil minimum requirements for various location-based-services. Each mandatory location service e.g. emergency location fix required by various regulatory bodies may need different separate classes. Handset 2 and above, would provide better performance which would fulfil more stringent requirements for various location based services.
In order to move the discussion along on the classification issue, it is proposed that the simple 3 dimensional plot, illustrated in Figure 4, to be adopted for future discussions. The banding structure, as to where the class1, 2, 3 etc. boundaries should fall are to be decided later.
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