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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. 
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. The update rate (validity period) 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 with SA. 
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, satellite ephemeris/clock errors, multi-path and receiver noise. 
To further improve accuracy, differential corrections can minimize the atmospheric effects and 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 validity period of the differential corrections in RRLP is currently undefined. 
Therefore, mobile stations would usually request updated differential corrections each time they are needed (i.e., when a position fix is made), or make assumptions about the validity period.  Such  assumptions could lead to an either too long assumed validity period, and hence degraded accuracy, or to an too short assumed validity period, and hence uneccesary high signalling (update rates) in the network. 
The 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, and therefore, the differential corrections need not to be requested by the MS for each GANSS at the same time. 
This contribution adresses this shortcoming, and proposes to add the validity period for the differential corrections.
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Differential Corrections Measurement Data

Differential corrections have been collected from a DGNSS reference receiver (commercial grade NovAtel receiver at precisely surveyed reference location) over a period of 24 hours for the two currently available GNSSs, GPS and GLONASS. At one-second intervals, the DGNSS corrections were calculated as defined in RRLP for GPS and GANSS. Figure 1 shows a typical example of Pseudo-Range Corrections (PRC) over a period of 1 hour for GPS. As expected, and seen from this Figure, the PRC are fairly stable and varies within typically +/- 2 meters for long periods of time. Figure 2 shows a 10-minutes interval out of Figure 1 (i.e., the middle 25 to 35 Minutes). 
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Figure 1. GPS Pseudo-Range corrections (PRC) as function of time.
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Figure 2. Ten-Minutes Zoom of Figure 1.
The User Differential Range Error (UDRE), included in the differential corrections format, indicate ranges of expected 1-sigma errors of the pseudo-range corrections. The UDRE for each set of differential corrections calculated at 1-second intervals is ‘00’ with scale factor 1, meaning the UDRE is always less than 1 meter. By observing past data, one can predict how long the differential corrections would be valid, and can include the expected degradation in the UDRE prediction. For example, the PRC for PRN23 (top black curve in Figure 2)  is about a factor of 1.5 larger after 10 minutes. 
Figure 3 shows an extreme one-hour extract of PRC for GPS were satellites disappear/rise during the observation window. If the satellites are at low elevation angles, the atmospheric errors are maximal resulting in relative large values of the PRCs. This could be taken into account when predicting the growth of the UDRE after a certain time period. 
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Figure 3. GPS Pseudo-Range corrections (PRC) as function of time.

Figure 4 shows a one-hour example of PRCs for GLONASS, and a ten-minutes interval in Figure 5. Similar as to GPS, the PRCs for GLONASS are fairly stable, and valid for sveral minutes. The growth of the PRC after a certain time period can be included in the UDRE prediction.
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Figure 4. GLONASS Pseudo-Range corrections (PRC) as function of time.
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Figure 5. Ten-Minutes Zoom of Figure 4.
2.1


DGNSS Performance

Figure 6 below compares the DGNSS performance (i.e., combined GPS and GLONASS receiver) with standalone GNSS. A three-receiver configuration was used for this experiment. One receiver serves as DGNSS reference receiver, and two receivers as remote receiver, where one remote receiver operates in DGNSS mode, and the second remote receiver in standalone mode. Both remote receivers make 3‑D position fixes at a rate of 1 Hz at the same time and data were collected for 24 hours. Therefore, DGNSS and standalone performance can be compared. The baseline was zero in this experiment, and therefore, showing the best possible DGNSS performance.
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Figure 6. DGNSS Performance as function of corrections age.

As can be seen from Figure 6, with a corrections age of about 2.5 minutes, the DGNSS performance is still better compared to the standalone receiver in this example. NOTE, that for this experiment GPS and GLONASS uses the same age of corrections. Also, the UDRE growth has not been taken into account when applying the corrections, since unmodified commercial grade receivers have been used. In addition, the range rate corrections (RRC) as calculated by the receiver at Age 0 where applied for the whole 300 seconds duration of the experiment. Since commercial receivers have been used, it was not possible to modify the RRCs and UDRE estimates to take a longer validity time into account. In practice, the RRCs may be adjusted at the SMLC (dependent on predicted validity time), or simply ignored at the receiver. But even in this set-up with commercial grade, unmodified receivers, it is clear that DGNSS corrections can be used for a certain period of time without resulting in a degradation of performance compared to standalone GNSS. However, any indication about DGNSS validity period is currently missing in RRLP.
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Proposed Solution
As shown in section 2, it is clear that DGNSS corrections may have a certain validity period, which may be different for different GNSSs. Currently, there is no indication in RRLP which informs the MS about how long the differential corrections are valid. Therefore, the MS would usually request new differential corrections each time a position fix is needed. However, since the corrections may be valid for certain periods, this will result in unnecessary high signalling in the network. 

The validity period for differential corrections could be estimated at the SMLC, e.g., using current and past data (i.e., similar to the process of estimating the range rate corrections or UDRE). 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 an indication of how the UDRE would increase. 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 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).)
The straightforward solution would be 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 and B below proposes the values for the UDRE Growth Rate and the Time of Validity:
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).
The UDRE Growth Rate and Time of Validity are proposed as optional parameters in the differential corrections message. If available, the signalling in the network to obtain differential corrections would be reduced considerably. E.g., as shown in Figure 2 and 5, typical “Times of Validity” can be around 5 to 10 minutes.  Compared to a typically MS assumed validity period of 30 seconds, this would correspond to a factor of 10 to 20 of reduced signalling in the network for each GNSS!
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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 in RRLP. A corresponding CR to 44.031 is provided in tdoc GP-090659.
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