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1 Introduction and Overview

Assisted GPS operations can be categorized into two basic operating modes:

· MS-Based:
Position estimate computed within MS.

· MS-Assisted:
Position estimate computed within SMLC.

For the MS-Based A-GPS positioning method, it is anticipated that the network is likely to provide the following types of assistance data information to the MS within the context of requesting a position estimate from the MS:
· Reference Time 

(approximate)

· Reference Location 

(related somehow to proximity of MS)

· GPS Navigation Model

(at least for satellites visible to the MS)

The above GPS assistance data IEs enable the MS to focus satellite search efforts so that key performance criteria like response time and received sensitivity are robust enough to support a variety of location based services.

This contribution aims to identify particular ambiguities that exist within the R98/99 GSM 04.31 (RRLP) specification related to inclusion (or exclusion) of uncertainty information within the ‘Reference Location’ assistance data IE.  With this problem identified, a proposed solution and corresponding SMLC/MS impacts are presented for consideration by the group.
2 Problem Summary

Identification of Ambiguity:

Currently, it is unclear from the normative ASN.1 sections of GSM 04.31 (RRLP) exactly what subset of Geographical Area Description (GAD) shape types are possibly sent by the network (SMLC) when sending the ‘Reference Location’ IE to the MS.
Examining this ‘Reference Location’ IE in clause 5.1 (below), the intention of sending 3-dimensional reference location information is apparent, but it remains unclear whether or not this 3-D location data should include uncertainty information (i.e., some sort of boundary indications).
-- Reference Location IE

RefLocation ::= SEQUENCE {


threeDLocation


Ext-GeographicalInformation 

}
In contrast, note that other similar references to ‘Ext-GeographicalInformation’ element imports are sufficiently clear about the exact subset of GAD shape types intended for inclusion.  For example, consider the clarity of the following ASN.1 description of the ‘Position Estimate’ IE also in clause 5.1.  In this particular IE description below, a subset of five specific GAD shape types is explicitly identified.
-- Location information IE

LocationInfo ::= SEQUENCE {


refFrame

INTEGER (0..65535),


-- Reference Frame number


-- If refFrame is within (42432..65535), it shall be ignored by the receiver


-- in that case the MS should provide GPS TOW if available


gpsTOW


INTEGER (0..14399999)
OPTIONAL,
-- GPS TOW


fixType


FixType,


-- Note that applicable range for refFrame is 0 - 42431 


-- Possible shapes carried in posEstimate are


-- ellipsoid point, 


-- ellipsoid point with uncertainty circle


-- ellipsoid point with uncertainty ellipse


-- ellipsoid point with altitude


-- ellipsoid point with altitude and uncertainty ellipsoid


posEstimate

Ext-GeographicalInformation
}

There is a brief mention of reference location uncertainty in clause A.4.2.4 (informative annex on GPS assistance), but as the following excerpt demonstrates, it is confusing because the second sentence directly conflicts with the first sentence.
Reference Location
The Reference Location field contains a 3-D location (without uncertainty) specified as per 3GPP TS 03.32. The purpose of this field is to provide the MS with a priori knowledge of its location in order to improve GPS receiver performance.
Note that without uncertainty information, the benefit of the ‘Reference Location’ IE is limited to simply helping identify satellites that are most likely visible to the MS.  Therefore, without uncertainty information such reference location information cannot improve the GPS receiver performance in any meaningful way.

Significance of Corresponding Impact:

From a protocol perspective, this ambiguity concerning the allowed GAD shape(s) for the ‘Reference Location’ IE has straightforward impacts.  Please consider the following two protocol mismatch scenarios.


i) SMLC provides 3-D location without uncertainty, but MS expects only 3-D location with uncertainty:

· Result:  MS sends Protocol Error message in response to Measure Position Request

ii) SMLC provides 3-D location with uncertainty, but MS expects only 3-D location without uncertainty:
· Result:  MS sends Protocol Error message in response to Measure Position Request

From a performance perspective, this ambiguity also has significant impacts.  In cases where the SMLC provides reference location information without uncertainty, the MS is fundamentally limited in response time and/or sensitivity aspects.  To understand such basic limitations, please consider the following two scenario descriptions.  For these examples, it is assumed that the MS is operating in a cell with a coverage radius of 10 kilometers:
a) SMLC provides 3-D location without uncertainty:
· MS searches entire 1ms GPS code (1023 chips) for each of one or more satellites until 1st sat is acquired
· With position uncertainty unbounded, MS must continue to search over entire GPS code for each subsequent satellite (2nd, 3rd, etc.) required for MS-Based position estimate calculation
b) SMLC provides 3-D location with uncertainty:
· MS searches entire 1ms GPS code (1023 chips) for each of one or more satellites until 1st sat acquired

· With position uncertainty bounded to a ~10km radius and GPS Navigation Model information available, MS can significantly narrow the code search range for each subsequent satellite (2nd, 3rd, etc.) required for MS-Based position estimate calculation

· For worst-case (low-elevation satellites), the code search range can be reduced to below +/- 30 GPS chips (only about 6% of entire 1ms code)
· Note:  each GPS chip equals approx 300m in propagated distance, or about 3 GPS chips/km

· For more nominal cases (~30 degree elevation satellites), the code search range can be reduced to below +/- 25 GPS chips (only about 5% of the entire 1ms code)
*** Thus, the absence of reference location uncertainty arbitrarily prevents an approximate ~20-fold code search range reduction for subsequent satellites.

3 Proposed Solution
For explanation purposes, the “current” R98 version of GSM 04.31, v7.b.0, is used as the reference in the summary presented below.  Accordingly, the “next” (or “fixed”) version of this specification would be v7.c.0.
Summary of Proposal:

For an SMLC supporting v7.c.0:

· SMLC only sends 3-D reference location with uncertainty

For an MS supporting v7.b.0 (and earlier) that expects reference location to be sent without uncertainty:

· Upon receiving 3-D reference location with uncertainty, MS sends Protocol Error message to SMLC

· SMLC can then repeat positioning request containing 3-D reference location without uncertainty

For an MS supporting v7.b.0 (and earlier) that expects reference location to be sent with uncertainty:  <no problem>

For an MS supporting v7.c.0:
· If reference location without uncertainty received, MS assumes that SMLC is version v7.b.0 (or earlier), accepts that no uncertainty info is available, and then provides best effort to proceed with the positioning request.
4 Closing Remarks
It is proposed that the basic solution described in section 3 (above) be agreed in principle so that a corresponding set of CRs can be developed to solve this reference location information problem existing for MS-Based A-GPS operations.  

























































