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1. 
Introduction
In the Master-Auxiliary-Concept (MAC), all relevant correction data from a reference station network is transmitted to the target device in a compact form by representing ambiguity-levelled observation data as correction differences of dispersive and non-dispersive data for each satellite-receiver pair. Two reference stations are said to be on a common ambiguity level if the integer ambiguities for each phase range (satellite-receiver pair) have been removed (or adjusted) so that the integer ambiguities cancel when double-differences (involving two receivers and two satellites) are formed during processing.
In order to reduce the amount of data to be transmitted for a RTK network, full correction and coordinate information is sent only for a single reference station (the master station). For all other stations in the network or sub-network (the auxiliary stations), correction differences are provided. Since the master reference station is used simply for data transmission purposes and plays no special role in the computation of corrections, it does not need to be the closest reference station to the target device. Therefore, MAC has advantages for kinematic applications when the target device moves large distances.
In LPP [1], MAC is supported via the IE GNSS-RTK-MAC-CorrectionDifferences, which is the same IE as the RTCM message types 1017 (GPS) and 1039 (GLONASS). However, the dispersive and non-dispersive correction data for each satellite-receiver pair do not depend on the specific GNSS; they are simply correction differences formed by subtracting the ambiguity-leveled phase corrections of a designated master reference station from the equivalent corrections of the auxiliary reference stations in the network.

Using the observation data of the master station and the correction differences, the target device can re-assemble and apply the phase information of the auxiliary stations in conventional baseline processing schemes. Alternatively, correction differences can be interpolated for any position in the network and used to correct the target device data, since they share a common integer ambiguity level.

Therefore, the correction differences formats in IE GNSS-RTK-MAC-CorrectionDifferences are GNSS independent. This can also be seen by comparing the RTCM message types 1017 (GPS) and 1039 (GLONASS); they make only use of different L1 and L2 links/frequencies (i.e., L1 and L2 specific for GPS or GLONASS). This is also discussed in [2].

This contribution proposes a TP to make the IE GNSS-RTK-MAC-CorrectionDifferences applicable to other GNSSs and GNSS frequencies.
2. 
Discussion

The IE GNSS-RTK-MAC-CorrectionDifferences [1] is used by the location server to provide dispersive (ionospheric) and non-dispersive (geometric) correction difference components for up to 32 pairs of Auxiliary and Master Reference Stations. 
The Geometric Carrier Phase Correction Difference (GCPCD) is the Correction Difference for the geometric part (troposphere and orbits) calculated based on integer leveled L1 and L2 correction differences (L1CD and L2CD). Similar, the Ionospheric Carrier Phase Correction Difference (ICPCD) is the Correction Difference for the ionospheric part calculated based on integer leveled L1 and L2 correction differences (L1CD and L2CD).
If GNSS-ID indicates ‘gps’, L1 and L2 refers to the GPS L1 and L2 carrier frequencies, respectively.
If GNSS-ID indicates ‘glonass’, L1 and L2 refers to the GLONASS G1 and G2 carrier frequencies, respectively. 

However, as mentioned in section 1 above, and as also discussed in [2], the correction differences can be applicable to any GNSS and link/frequency. A simple solution would be to add an indicator to the IE GNSS‑RTK‑MAC‑CorrectionDifferences which defines the meaning of L1 and L2. This would make the IE GNSS‑RTK‑MAC‑CorrectionDifferences applicable to any GNSS supported in LPP. 
Corresponding text proposals are provided in the next sections.
3. 
TP for GNSS-RTK-MAC-CorrectionDifferences 

–
GNSS-RTK-MAC-CorrectionDifferences
The IE GNSS-RTK-MAC-CorrectionDifferences is used by the location server to provide dispersive (ionospheric) and non-dispersive (geometric) correction difference components for up to 32 pairs of Auxiliary and Master Reference Stations. The Master Reference Station coordinates are provided in IE GNSS-RTK-ReferenceStationInfo and the Auxiliary Station coordinates are provided in IE GNSS-RTK-AuxiliaryStationData. 

The parameters provided in IE GNSS-RTK-MAC-CorrectionDifferences are used as specified for message type 1017 and 1039 in [30].

-- ASN1START

GNSS-RTK-MAC-CorrectionDifferences-r15 ::= SEQUENCE {


networkID-r15





GNSS-NetworkID-r15,


subNetworkID-r15




GNSS-SubNetworkID-r15



OPTIONAL,
-- Need ON

master-ReferenceStationID-r15

GNSS-ReferenceStationID-r15,

l1








GNSS-FrequencyID




OPTIONAL,
-- Need OP


l2








GNSS-FrequencyID




OPTIONAL,
-- Need OP

rtkCorrectionDifferencesList-r15
RTK-CorrectionDifferencesList-r15,


...

}

RTK-CorrectionDifferencesList-r15 ::= SEQUENCE (SIZE (1..32)) OF 












RTK-CorrectionDifferencesElement-r15

RTK-CorrectionDifferencesElement-r15 ::= SEQUENCE {


epochTime-r15






GNSS-SystemTime,


auxiliary-referenceStationID-r15

GNSS-ReferenceStationID-r15,


geometric-ionospheric-corrections-differences-r15













Geometric-Ionospheric-Corrections-Differences-r15,


...

}

Geometric-Ionospheric-Corrections-Differences-r15 ::= SEQUENCE (SIZE(1..64)) OF 










Geometric-Ionospheric-Corrections-Differences-Element-r15

Geometric-Ionospheric-Corrections-Differences-Element-r15 ::= SEQUENCE {


svID-r15









SV-ID,


ambiguityStatusFlag-r15






INTEGER (0..3),


non-synch-count-r15







INTEGER (0..7),


geometricCarrierPhaseCorrectionDifference-r15
INTEGER (-65536..65535),


iod-r15










BIT STRING (SIZE(11)),


ionosphericCarrierPhaseCorrectionDifference-r15
INTEGER (-65536..65535),


...

}
-- ASN1STOP

	GNSS-RTK-MAC-CorrectionDifferences field descriptions

	networkID

This field provides the network ID. 

	subNetworkID

This field identifies the subnetwork of a network identified by networkID. 

	master-ReferenceStationID

This field specifies the station ID of the Master Reference Station.

	l1, l2

These fields specify the dual-frequency combination of L1 and L2 link/frequencies for which the rtkCorrectionDifferencesList is provided. If the fields are absent, the default interpretation in table ‘L1/L2 default interpretation’ applies. 

	rtkCorrectionDifferencesList

This field provides the correction differences for Auxiliary-Master Reference Station pairs.

	epochTime

This field specifies the epoch time of observations used to derive the correction differences. The gnss-TimeID in GNSS‑SystemTime shall be the same as the GNSS-ID in IE GNSS-GenericAssistDataElement.

	auxiliary-referenceStationID 

This field specifies the station ID of the Auxiliary Reference Station.

	svID

This field specifies the satellite for which the data is provided.

	ambiguityStatusFlag

This field provides the ambiguity status. ‘L1’ below corresponds to the link indicated by the l1 field; ‘L2’ below corresponds to the link indicated by the l2 field.
0 - Reserved for future use (artificial observations)

1 - Correct Integer Ambiguity Level for L1 and L2

2 - Correct Integer Ambiguity Level for L1-L2 widelane

3 - Uncertain Integer Ambiguity Level. Only a likely guess is used.

	non-synch-count

This field provides the count of unrecoverable cycle slips. Whenever an unrecoverable cycle slip occurs this count shall be increased. The counter shall not be increased more than once per minute. Data for satellites with cycle slips more frequent than once per minute should not be provided.

	geometricCarrierPhaseCorrectionDifference

This field provides the Geometric Carrier Phase Correction Difference (GCPCD), which is the Correction Difference for the geometric part (troposphere and orbits) calculated based on integer leveled L1 and L2 correction differences (L1CD and L2CD).
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L1CD, L2CD, and ICPCD are presented in meters.  ‘L1’ corresponds to the link indicated by the l1 field; ‘L2’ corresponds to the link indicated by the l2 field.
Scale factor 0.5 milli-meter; range ±32.767 meters.

	iod

This field specifies the IOD value of the broadcast ephemeris used for calculation of Correction Differences (see IE GNSS-NavigationModel). 

	ionosphericCarrierPhaseCorrectionDifference

This field provides the Ionospheric Carrier Phase Correction Difference (ICPCD), which is the Correction Difference for the ionospheric part calculated based on integer leveled L1 and L2 correction differences (L1CD and L2CD).
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L1CD, L2CD, and ICPCD are presented in meters.  ‘L1’ corresponds to the link indicated by the l1 field; ‘L2’ corresponds to the link indicated by the l2 field.
Scale factor 0.5 milli-meter; range ±32.767 meters.




L1/L2 default interpretation
	GNSS
	l1
	l2

	GPS
	L1
	L2

	SBAS
	L1
	L5

	QZSS
	L1
	L2

	Galileo
	E1
	E5a

	GLONASS
	G1
	G2

	BDS
	B1
	B2


–
GNSS-FrequencyID
The IE GNSS-FrequencyID is used to indicate a specific GNSS link/frequency. The interpretation of GNSS‑FrequencyID depends on the GNSS‑ID.

-- ASN1START

GNSS-FrequencyID
::= SEQUENCE { 


gnss-FrequencyID

INTEGER (0 .. 7),


...

}

-- ASN1STOP

	GNSS-FrequencyID field descriptions

	gnss-FrequencyID
This field specifies a particular GNSS link/frequency. The interpretation of gnss-FrequencyID depends on the GNSS‑ID and is as shown in the table Value & Explanation relation below.


Value & Explanation relation

	System
	Value
	Explanation

	
	
	Link
	Centre Frequency

[MHz]

	GPS
	0
	L1
	1575.42

	
	1
	L2
	1227.60

	
	2
	L5
	1176.45

	
	3-7
	reserved

	SBAS
	0
	L1
	1575.42

	
	1
	L5
	1176.45

	
	2-7
	reserved

	QZSS
	0
	L1
	1575.42

	
	1
	L2
	1227.60

	
	2
	L5
	1176.45

	
	3-7
	reserved

	GLONASS
k = -7..13
	0
	G1
	1602+k×0.5625

	
	1
	G2
	1246+k×0.4375

	
	2-7
	reserved

	Galileo
	0
	E1
	1575.420

	
	1
	E6
	1278.750

	
	2
	E5a
	1176.450

	
	3
	E5b
	1207.140

	
	4
	E5
	1191.795

	
	5-7
	reserved

	BDS
	0
	B1 (Phase II)
	1561.098

	
	1
	B1 (Phase III)
	1575.420

	
	2
	B2
	1207.140

	
	3
	B3
	1268.520

	
	4-7
	reserved


–
GNSS-RTK-MAC-CorrectionDifferencesSupport
-- ASN1START

GNSS-RTK-MAC-CorrectionDifferencesSupport-r15 ::= 
SEQUENCE {

link-combinations-support-r15

Link-CombinationsList-r15,

...

}
Link-CombinationsList-r15 ::= SEQUENCE (SIZE(1..8)) OF Link-Combinations-r15

Link-Combinations-r15 ::= SEQUENCE {


l1

GNSS-FrequencyID,


l2

GNSS-FrequencyID,


...

}
-- ASN1STOP

	GNSS-RTK-MAC-CorrectionDifferencesSupport field descriptions

	link-combinations-support 

This field specifies the GNSS link/frequency combinations for which GNSS-RTK-MAC-CorrectionDifferences are supported by the target device for the GNSS indicated by GNSS-ID.


4. 
TP for GNSS-RTK-Residuals
The IE GNSS-RTK-Residuals is used by the location server to provide Network RTK correction residual error information. Similar to GNSS-RTK-MAC-CorrectionDifferences in section 3 above, the IE makes use of hard-coded L1/L2 link/frequency definition. The same solution as proposed in section 3 above can also be sued for the IE GNSS‑RTK-Residuals:
–
GNSS-RTK-Residuals
The IE GNSS-RTK-Residuals is used by the location server to provide Network RTK correction residual error information.

If the interpolation of the corrections for the target device location is performed at the location server, resulting in a non-physical reference station, the GNSS-RTK-Residuals are referenced to the non-physical reference station.

If the interpolation of the corrections is performed by the target device (e.g., using GNSS‑RTK‑MAC‑CorrectionDifferences), the GNSS-RTK-Residuals are referenced to the closest master or auxiliary station to the target device.

The parameters provided in IE GNSS-RTK-Residuals are used as specified for message type 1030 and 1031 in [30].

-- ASN1START

GNSS-RTK-Residuals-r15 ::= SEQUENCE {


epochTime-r15





GNSS-SystemTime,


referenceStationID-r15



GNSS-ReferenceStationID-r15,


n-Refs-r15






INTEGER (0..127),

l1








GNSS-FrequencyID




OPTIONAL,
-- Need OP


l2








GNSS-FrequencyID




OPTIONAL,
-- Need OP

rtk-residuals-list-r15



RTK-Residuals-List-r15,


...

}

RTK-Residuals-List-r15 ::= SEQUENCE (SIZE(1..64)) OF RTK-Residuals-Element-r15

RTK-Residuals-Element-r15 ::= SEQUENCE {


svID-r15


SV-ID,


s-oc-r15


INTEGER (0..255),


s-od-r15


INTEGER (0..511),


s-oh-r15


INTEGER (0..63),


s-lc-r15


INTEGER (0..1023),


s-ld-r15


INTEGER (0..1023),


...

}
-- ASN1STOP

	GNSS-RTK-Residuals field descriptions

	epochTime

This field specifies the epoch time of the Network RTK Residual Error data. The gnss-TimeID in GNSS‑SystemTime shall be the same as the GNSS-ID in IE GNSS-GenericAssistDataElement.

	referenceStationID

This field specifies the Reference Station ID. The Reference Station may be a physical or non-physical station.

	n-Refs

This field specifies the number of reference stations used to derive the residual statistics (1 to 127; 127 indicates 127 or more stations). The number of reference stations should never be zero. If zero is encountered the target device should ignore the message

	l1, l2

These fields specify the dual-frequency combination of L1 and L2 link/frequencies for which the rtk‑residuals-list is provided. If the fields are absent, the default interpretation in table ‘L1/L2 default interpretation’ in IE GNSS‑RTK‑MAC‑CorrectionDifferences applies.

	svID

This field specifies the satellite for which the data is provided.

	s-oc

This field specifies the constant term of standard deviation (1 sigma) for non-dispersive interpolation residuals, s0c.

Scale factor 0.5 milli-meter; range 0–127 milli-meter. NOTE 1.

	s-od

This field specifies the distance dependent term of standard deviation (1 sigma) for nondispersive interpolation residuals, s0d.

Scale factor 0.01 ppm; range 0–5.11 ppm. NOTE 1.

	s-oh

This field specifies the height dependent term of standard deviation (1 sigma) for nondispersive interpolation residuals, s0h.

Scale factor 0.1 ppm; range 0–5.1 ppm. NOTE 1.

	s-lc

This field specifies the constant term of standard deviation (1 sigma) for dispersive interpolation residuals (as affecting L1 frequency), slc.  ‘L1’ corresponds to the link indicated by the l1 field.
Scale factor 0.5 milli-meter; range 0–511 milli-meter

	s-ld

This field specifies the distance dependent term of standard deviation (1 sigma) for dispersive interpolation residuals (as affecting L1 frequency), sld. ‘L1’ corresponds to the link indicated by the l1 field. NOTE 2.


NOTE 1: 
The complete standard deviation for the expected non-dispersive interpolation residual is computed from s-oc, s-od and s-oh using the formula:

[image: image3.wmf][mm]

   

2

Re

2

0

2

Re

2

0

2

0

f

h

f

d

c

o

dh

s

d

s

s

s

×

+

×

+

=


where dRef is the distance of the target device from the nearest physical reference station in [km] and |dhRef| is the absolute value of the height difference between the nearest physical reference station and the target device in [km]. 


NOTE 2:
The complete standard deviation for the expected dispersive interpolation residual is computed from s-lc and s-ld using the formula:
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where dRef is the distance of the target device from the nearest physical reference station in [km]. 
The standard deviation for the L2 frequency is calculated using the formula:
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. ‘L2’ corresponds to the link indicated by the l2 field; c/f1c/f2 are the nominal wavelengths of the links indicated by the l1, l2 fields, respectively.
–
GNSS-RTK-ResidualsSupport
-- ASN1START

GNSS-RTK-ResidualsSupport-r15 ::= 
SEQUENCE {

link-combinations-support-r15

Link-CombinationsList-r15,

...

}

-- ASN1STOP

	GNSS-RTK-ResidualsSupport field descriptions

	link-combinations-support 

This field specifies the GNSS link/frequency combinations for which GNSS-RTK-Residuals are supported by the target device for the GNSS indicated by GNSS-ID.


5. 
Summary and Proposal
In this contribution, we discussed the network RTK support in LPP. To make the network RTK IEs applicable to any GNSS and GNSS signal, a frequency indicator is proposed to be added to the IEs GNSS‑RTK‑MAC‑CorrectionDifferences and GNSS-RTK-Residuals. Corresponding text proposals for the running LPP CR [1] are shown in sections 3 and 4 above.
Proposal:


Agree the LPP TPs in section 3 and 4 above. 
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