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1
Introduction
Acquisition Assistance data as defined in subclause 6.5.2.2 of LPP (TS 36.355) is the primary assistance data for UE‑assisted GNSS. This contribution summarizes two problems related to the search window parameters in the GNSS‑AcquisitionAssistance IE. A CR to correct the issues is proposed in tdoc R2-124025.
2 
Background
Acquisition Assistance data contain parameters that allow the target device to constrain its GNSS signal search. A conventional GNSS receiver searches discrete frequency/time-domain increments, known as bins. Acquisition Assistance data narrows the search space by specifying for which satellites to look, and where to look in frequency (Doppler) and time (codephase). This is defined by a search position (expected Doppler and codephase) and a search window (search space required on each side of the expected Doppler and codephase values). 

The size of the search window is a function of the uncertainty of the reference location of the target device. The principle of determining the search windows is shown in the Figure 1 below. 

A reference location is determined by the Location Server (usually the serving cell, but may also be a location determined with ECID or OTDOA, etc.). The reference location is described by a point and an uncertainty shape. The Location Server usually calculates the expected codephase and Doppler value from the estimated range from the reference location to the satellite. Since the target terminal can be anywhere within the uncertainty area, the location server determines minimum and maximum uncertainty values of the codephase and Doppler values. The codephase and Doppler value is calculated at the point on the uncertainty area nearest to the satellite, and then at the point on the uncertainty area farthest away from the satellite. These two measurements then define the codephase and Doppler search windows in the Acquisition Assistance Data. 
Normally, the initial target device location will have an altitude and an altitude uncertainty associated with it.  Therefore, the reference location uncertainty area in general is a volume in which the target device is known to be located. The Location Server normally calculates the point on the surface of the uncertainty volume that is nearest to the satellite (lower value of the search window) and the point on the surface of the uncertainty volume that is farthest from the satellite (upper value of the search window). 

The search windows in LPP are encoded in the parameters dopplerUncertainty and codePhaseSearchWindow in the GNSS‑AcquisitionAssistance IE 

The dopplerUncertainty is encoded as an INTEGER(0..4) and allows the values 2.5 m/s, 5 m/s, 10 m/s, 20 m/s, and 40 m/s, according to 2-n × 40 m/s, with n=0..4. With the carrier frequency for the GPS L1 signal of 1575.42 MHz, this corresponds to a Doppler frequency uncertainty of about 210, 105, 52, 26, and 13 Hz, respectively.
The codePhaseSerachWindow is encoded as an INTEGER(0..31) and the actual value for the code phase search window is determined via table look-up. Code phase search windows in the range of 0.002 ms to 2 ms can be encoded. 
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Figure 1. Principle of determining search windows.
As mentioned above, and as can be seen from Figure 1, the values for the search windows depend on the reference location uncertainty shape, and the satellite elevation. The codephase search window for example has its maximum value when the satellite is at horizon and its minimum value when the satellite is at zenith. 

As a rule of thumb, the Doppler uncertainty is about 0.19 m/s (or about 1 Hz for GPS L1) per km reference location uncertainty; and the code phase uncertainty is (for low satellite elevation) about the location uncertainty radius [1].
3 
Problem Description

3.1
Problem 1: Encoding of Codephase and Doppler Uncertainties do not match
As mentioned in section 2 above, the maximum value for the Doppler Uncertainty which can be encoded in LPP is +/- 40 m/s. This corresponds to a maximum reference location uncertainty of about +/- 210 km. 

The maximum value for the codephase search window is +/- 2 ms. This corresponds to a maximum reference location uncertainty of about +/- 600 km. 

Therefore, since the Doppler and codephase uncertainty values are dependent on the size of the uncertainty shape, the maximum size of the uncertainty shape is limited to about 210 km as given by the maximum value of Doppler uncertainty, even though the code phase uncertainty would allow for about 600 km uncertainty. 
In RRLP (3GPP TS 44.031 [2]) this problem is solved by allowing the Doppler Uncertainty being OPTIONAL (conditional) present in the Acquisition Assistance Data. If the parameter is absent, the Doppler Uncertainty is greater than 40 m/s [2]:
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. If Doppler Uncertainty (together with Doppler 1st order term) is omitted, the terminal shall interpret Doppler Uncertainty as greater than +/-40 m/s.
Since the dopplerUncertainty value is MANDATORY present in the GNSS‑AcquisitionAssistance IE in LPP, it is unclear how reference location uncertainties greater than about 210 km shall be encoded. 

Such large reference location uncertainties may happen in cases where the reference location is not precisely or reliably known. This may be the case for example for missing or inaccurate cell data base entries, or in case the serving base station is a Femto cell, etc. It may also occur, possibly frequently, when LPP is used with the SUPL user plane solution for a roaming user where the home SLP for the user has little or no data regarding serving cells in the serving network.
In any case, there is a mismatch between the encoding for the Doppler and code phase uncertainties in LPP.

Further, the code phase search window also allows for values greater than the 2 ms, since there is a special code point ‘00000’ meaning “No Information”. “No Information” may mean the server is not able to calculate or encode a code phase search window (e.g., reference location uncertainty > 600 km). But if the server is not able to calculate a codephase search window, it would usually also not be able to calculate a Doppler uncertainty value. Therefore, since the Doppler uncertainty is MANDATORY present, a “No Information” value is also needed for the Doppler uncertainty.
Proposal 1: 
It is proposed to extend the value range for the dopplerUncertainty parameter in GNSS‑AcquisitionAssistance IE to cover about the same reference location uncertainty as the codePhaseSearchWindow parameter. In addition, one code point for the dopplerUncertainty should be reserved for “No Information”. 
In order to cover about the same uncertainty area with the Doppler uncertainty as with the code phase search window, the maximum value for the dopplerUncertainty value should be about 115 m/s (or about 600 Hz for GPS L1 signal). 

Note, even though such large reference location uncertainties may mean a full search in the codephase domain for certain GNSS signals, the Doppler search domain would still be significantly reduced with the Acquisition Assistance data, since the maximum Doppler search space is usually about +/- 5 kHz. Therefore, search windows are still useful also in cases of large reference location uncertainties. 
3.2

Problem 2: Confidence Level for the Search Windows is missing
As described in section 2 above, the Doppler and codephase search windows are determined based on the shape of the reference location uncertainty. The uncertainty may be described as an ellipsoid, or any other appropriate shape which covers the reference location uncertainty. A location uncertainty is always associated with a confidence level, which defines the probability that the target device is located within the uncertainty shape.
The search window definition today does not include any indication on the confidence or reliability. Therefore, the search window definitions in the current Release must guarantee that the target terminal will find the satellite signal within the provided search windows. In practice, this may not always possible to achieve – e.g. if the reference location itself is considered unreliable (such as for a Femtocell or a serving cell in another network). 
Therefore, it is proposed to include the confidence level used at the server to determine the search windows. If the provided confidence level is rather low (e.g., < 90%), the target device would be advised to also look somewhat outside the provided search windows in order to find the satellite signals (e.g., in case of not sufficient satellite signals have been found within the provided search windows). This would avoid that the target device reports not enough satellite measurements to the location server in case of reference location uncertainties with low confidence. 

Proposal 2: 
The GNSS‑AcquisitionAssistance IE should include a confidence indication for the provided search windows, when available.
The confidence level is usually defined as a percentage (0..100%) [3], and describes the probability that the target device is located in the interior of the assumed uncertainty region, and therefore, describes here the probability that the target device will find the satellite signals within the provided search windows. 
3
Summary

This contribution summarized some inconsistencies and missing information in the GNSS-AcquisitionAssistance IE in TS 36.355:
Proposal 1: 
It is proposed to extend the value range for the dopplerUncertainty parameter in GNSS‑AcquisitionAssistance IE to cover about the same reference location uncertainty as the codePhaseSearchWindow parameter. In addition, one code point for the dopplerUncertainty should be reserved for “No Information”. 
Proposal 2: 
The GNSS AcquisitionAssistance IE should include a confidence indication for the provided search windows, when available.
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