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Introduction and Problem Statement
Differential GPS corrections have been introduced in RRLP Release 98. At that time, the dominating error source in GPS positioning was the error intentionally introduced by Selective Availability (SA). SA introduced intentional errors of up to a hundred meters into the publicly available navigation signals, making it difficult to use for precise location or public safety applications with stringent accuracy requirements. 
Differential GPS positioning was developed to eliminate some of the error sources present in stand-alone GPS positioning, in particular the fast changing errors due to SA. The differential technique involves accurately measuring the errors in the ranges to the satellites observed by a receiver at a known time and location, and transmitting these corrections to a mobile receiver. These differential corrections are then applied to the ranges measured by the second receiver. Any errors which are common to the two receivers are eliminated. 
RRLP supports differential corrections in formats developed by the Radio Technical Commission For Maritime Services (RTCM) in the early 90’s. Since the main error source (i.e., SA) was relative fast changing, these formats were designed and used for real time applications were the correction data are transmitted/broadcasted to local GPS receivers for immediate use. The differential corrections are only fully valid at the time that the observations are made. The corrections will become less valid the longer the time is between the time the corrections were calculated and the time they are applied. A rate of change of pseudorange correction is included to enable the receiver to propagate the corrections forward to the current time before applying them to the pseudoranges. However, the differential corrections still become less valid with time. The update rate (validity time) of the corrections must be less than the correlation time of the error sources, such as SA. Typical DGPS update rates were usually less than twenty seconds. 
SA was eventually turned off in year 2000, resulting in GPS positioning accuracies within a few meters. Hence, the necessity for differential GPS corrections to e.g., meet demanding public safety requirements, has been reduced. Without SA, the positioning error sources are now mainly limited to atmospheric effects, remaining satellite ephemeris/clock errors, multi-path and receiver noise. To further improve accuracy, differential corrections can still minimize the atmospheric effects and remaining satellite ephemeris/clock errors which are relatively slow changing and are similar at both stations, reference and mobile. With the rapidly changing SA dithering effect removed, correction validity is greatly enhanced, and the MS received differential corrections would be valid for much longer than e.g., 20 seconds. However, the differential correction formats developed by RTCM and available in RRLP do not indicate any validity time of the corrections. 
Mobile stations usually have an internal stored hard validity timer of around 30 seconds or less for differential corrections. When this timer expires, the MS would request updated corrections. However, since the differential corrections may be valid for much longer periods, this may lead to unnecessary high update rates for the differential corrections. On the other hand, if the mobile stored timer is too optimistic (i.e., longer than the corrections are actually valid), the location solution would degrade.
The RTCM differential correction formats have also been included for GANSS in Release 7. All the GANSS supported in 3GPP do not introduce intentional degradation of ranging signals, such as SA, and hence, differential GANSS corrections would also be valid for a certain period of time, depending on the change of atmospheric error effects, or other error sources like ephemeris and clock correction errors. Since those error sources may change at different rates for different GANSS and signals, the differential GANSS corrections may have a different validity period for different GANSS. 
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Proposed Solution
The validity period for differential corrections could be estimated at the SMLC, e.g., using current and past data. The SMLC could predict how long the corrections would be valid and such a validity period could be included in the differential correction message together with a quality indication of the corrections. The MS could then decide when the corrections got too bad to use, and could request updated differential corrections from the SMLC, when needed. 
The differential corrections message format already includes the User Differential Range Error (UDRE). Two bits indicate the ranges of expected 1-sigma errors of the pseudorange corrections (TS 44.031):

Table A.18: Values of UDRE IE

	Value
	Indication

	00
	UDRE ( 1.0 m

	01
	1.0 m < UDRE ( 4.0 m

	10
	4.0 m < UDRE ( 8.0 m

	11
	8.0 m < UDRE


(The final UDRE values are determined by multiplying the provided UDRE values with the provided scale factor between 0.1 to 1 (TS 44.031).)
It is proposed to add a second UDRE estimate together with a time estimate to indicate when the UDRE will be attained. This can be achieved using a three-bit “UDRE Growth Rate” factor, which, when multiplied with the UDRE, indicates the estimated UDRE after the validity time:
Table A: Values of UDRE Growth Rate IE

	Value
	Indication

	000
	1.5

	001
	2

	010
	4

	011
	6

	100
	8

	101
	10

	110
	12

	111
	16


Table B: Time of Validity for UDRE Growth Rate IE

	Value
	Indication

[seconds]

	000
	30

	001
	60

	010
	120

	011
	240

	100
	480

	101
	960

	110
	1920

	111
	3840


For example, if “UDRE Growth Rate” has the value ‘010’ (factor 4), and the “Time of Validity for UDRE Growth Rate” has the value ‘100’ (480 seconds), then the UDRE would grow to 4 times the UDRE at reference time t0 after 480 seconds (i.e., 8 minutes after t0).
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Recommendation
It is proposed to add the “UDRE Growth Rate” and the “Time of Validity for UDRE Growth Rate” as optional fields to the differential correction elements for GPS and GANSS. A corresponding CR to 44.031 is provided in tdoc GP-090108.
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