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1. Introduction
The RRLP specification 04.31 defines two parameters in the Acquisition Assistance data information element called “Doppler Uncertainty” and “Code Phase Search Window”.  However, these parameter values are not precisely defined. This paper describes possible interpretations, the consequences of the different interpretations, and proposes to unambiguously define these parameters in 04.31 from Release 98 onwards.
2. Background

GPS signal acquisition is in general a three-dimensional search process. In one dimension, the GPS receiver need to identify the satellite PRN code (i.e. SV number); in a second dimension, the GPS receiver needs to find the C/A code phase; and in the third dimension the GPS receiver needs to find the correct Doppler frequency. Figure 1 illustrates the acquisition search space. Via the Acquisition Assistance data, the MS get information about which satellites are visible at the current time at the reference location. Therefore, the 3-D search space is reduced to a 2-D search space, as illustrated at the right hand side Figure 1. Usually, the C/A code is searched using ½ chip resolution; thus there are 2046 different code phases to be searched. The Doppler frequency range is between 5000 to5000 Hz. If this range is searched using e.g. 500 Hz steps, there are 20 different frequencies to be searched. The total number of different search bins is then 2046 x 20 = 40920. If the search of one bin takes one millisecond, the search time over the whole search space for one satellite is 40.92 seconds. For a 3-D position fix, the receiver must acquire at least 4 satellites, which may take several minutes. 
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Figure 1. Illustration of acquisition search space.
To reduce this long acquisition time for the GPS receiver, the GPS receiver gets Acquisition Assistance data. These data contain a prediction of the expected code phase and Doppler frequency. The SMLC can predict these values since the MS location is roughly known based on Cell-ID information. However, since the MS can be anywhere in this cell, and since cells can be about 35 km in radius (or even larger in case of extended range cells), the SMLC calculates in addition the uncertainty of these expected values. These uncertainties are called “Doppler Uncertainty” and “Code Phase Search Window” in RRLP specification. This acquisition information allows reducing the search space in code and Doppler domain considerably.

RRLP defines the two parameters as follows:

Doppler Uncertainty
This field contains the Doppler uncertainty value. This field is optional.

Range: 12,5 Hz – 200 Hz
Code Phase Search Window
This field contains the code phase search window. This field is mandatory.

Range: 0-15 (i.e. 1-192 chips according to following table)
Figure 2 shows an example of the reduced search space, and two possible interpretations of the “Doppler Uncertainty” and “Code Phase search Window”. The blue triangle shows the predicted value of code and Doppler, as expected to be measured by a MS at the reference location. Usually, the reference location is the location of the serving cell, and the MS can be anywhere within this cell. The red triangle shows the MS measurement at its true location. 

Also shown in Figure 2 are two search spaces defined by two possible interpretations of the values “Doppler Uncertainty” and “Code Phase Search Window”. For a 1-sided interpretation, the true value would be within +/- the uncertainty value. This 1-sided interpretation defines the turquoise shaded 2-D search space. For a two sided interpretation, the true value is within +/- uncertainty/2. This 2-sided interpretation defines the smaller green 2-D search space in Figure 2.
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Figure 2. Reduced search space with code and Doppler uncertainty.
3. Problem
Since it is not specified whether the “Doppler Uncertainty” and “Code Phase Search Window” parameters define a single- or double-sided search space, the following interoperability problems can occur:
1) SMLC calculates the search window single-sided, but MS uses it as double sided.

In that case, the MS searches only half of the search space as would be required to find the satellite signal. The satellite signal may lie outside the double-sided MS search space, as illustrated in Figure 2. In that case, the MS will not find the satellite signal in the defined search space. Consequently, the MS can not report a measurement for this satellite.


2) SMLC calculates the search window double-sided, but the MS interprets it as single-sided.

In that case, the search space for the MS is twice as large as would be required to find the satellite signal, taking at least twice the time to acquire the satellite signal. Although, the true measurement is within the defined search space, the MS may not be able to fulfil the desired response time requirements. Consequently, the MS response time is considerable longer as would be required if SMLC and MS are making the same assumptions about the search space.
4. Proposed Solution
As described above, the code and Doppler search windows need a precise definition in order to avoid any interoperability problems. 
It is proposed to define the code and Doppler uncertainty as single-sided, since the available value range for the “Code Phase Search Window” parameter in RRLP is only from 1-192 chips. A single-sided definition is needed in order to cover larger cell sizes. This is shown in Figure 3. 
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Figure 3. Double sided code phase search window size as function of satellite elevation angle.

Figure 3 shows the total 2-sided search window size in chips as function of satellite elevation angle. The size of the search window has its maximum size for low elevation angles, and the size reduces with increased satellite elevation. For example, if we assume a 35 km cell radius and a satellite at the horizon, the maximum range uncertainty would be 2 x 35 km = 70 km, which corresponds to about 240 chips. However, this value can not be encoded, since the value range for the “Code Phase Search Window” parameter in RRLP is only from 1-192 chips. Using the proposed single-sided interpretation, the RRLP parameter for the “Code Phase Search Window” would be 120 chips, which can be encoded in RRLP. 
Therefore, the following definitions for the search window parameters in RRLP are proposed:
Doppler Uncertainty
This field contains the Doppler uncertainty value. It is defined such that the Doppler experienced by a stationary MS is in the range “Doppler  – Doppler Uncertainty” to “Doppler + Doppler Uncertainty”. This field is optional.

Range: 12,5 Hz – 200 Hz

Code Phase Search Window
This field contains the code phase search window. It is defined such that the expected code phase is in the range “Code  Phase – Code Phase Search Window” to “Code Phase + Code Phase Search Window”. This field is mandatory.

Range: 0-15 (i.e. 1-192 chips according to following table)
Note: 
The “Uncertainty of the expected OTD” parameter in RRLP is using the same interpretation.
(The “Uncertainty of the Expected OTD” parameter serves the same purpose in E-OTD as the “Doppler Uncertainty” and “Code Phase Search Window” in A-GPS.)
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