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At RAN2#99bis an email discussion was agreed to progress the running LPP CR for the GNSS enhancements:
[99bis#56][LTE/Positioning] Running LPP CR (Qualcomm)
	Running LPP CR for positioning accuracy enhancements
	To update the running CR with outcomes of this meeting and the related offline discussions.
	Deadline: for February meeting
Several issues were left open. This contribution is addressing some of the issues identified during the offline review of Stage 3 running CR.
Network-RTK
MAC and FKP 
In [5] we have presented in detail each of the two methods. A summary, including the necessary changes, is provided below.
MAC
The MAC algorithms published in [6], developed by Leica Geosystems AG and Geo++ GmbH, were adopted in 2006 as an official standard for Network RTK by RTCM SC104 committee. In [7] a detail presentation of how RTCM MSM and a proprietary format are leveraged to enable Galileo N-RTK services (standalone or in combination with other GNSS).

The Corrections Computation Algorithm
Step 1: GNSS data, measured to common satellites, is transmitted to a N-RTK server from all reference stations – master and auxiliary. 
[image: ]
Figure 1: MAC principle (Reference: http://uk.smartnet-eu.com/max-corrections_233.htm).

Step 2a: The ambiguities within the network are resolved on a common level (i.e. all reference stations observing the same satellites).
Step 2b: Once a common ambiguity level is found, RTK corrections are generated.
Step 3: N-RTK corrections are transmitted to UE
Step 4: UE computes the RTK solution.

As defined in RTCM v3.3 and translated to running CR for LPP, MAC method is based on the following IEs: GNSS-RTK-ReferenceStationInformation, GNSS-RTK-AuxiliaryStationData, GNSS-RTK-Observations, GLO-RTK-BiasInformation (if GLONASS is used), GNSS-RTK-MAC-CorrectionDifferences, GNSS-RTK-Residuals.
For the purpose of this paper we will focus only on Step 2b, and on GNSS-RTK-MAC-CorrectionDifferences and GNSS-RTK-Residuals IEs. We encourage the reader to refer to [6] and [7] for further details on MAC method.

· Generation of geometric and ionospheric corrections, ICPCD and GCPCD, for a Master – Auxiliary Reference Station pair - GNSS-RTK-MAC-CorrectionDifferences IE
Using the observable from above, correction differences are computed between the master (M) and auxiliary reference stations (A), where L1CA and L1CM are the L1 corrections for M and A (similar for L2). 
                      (1)
                       (2)
According to RTCM 3.3, the network errors i.e. ICPCD (DF069), and GCPCD (DF070), are computed with the equation:
                                                     (3)
                                                    (4)
where f1 and f2 are L1 and L2 GPS signals when GNSS-ID = ‘GPS’, and L1 an d L2 GLONASS signals when GNSS-ID = ‘GLONASS’.

Observation 1. UE is provided with ICPCD and GCPCD as part of the GNSS-RTK-MAC-CorrectionDifferences IE, defined based on RTCM message type 1017 (GPS) and 1039 (GLONASS). Comparing the content of 1017 and 1039, and looking at (3) and (4), it should become clear that ICPCD and GCPCD are GNSS independent. They make use only of different frequencies.  
· Generation of network RTK residuals - GNSS-RTK-Residuals IE.
According to MAC algorithm, the parameters s-oc-r15, s-od-r15, s-oh-r15 are non-dispersive components, i.e. it does not affect different frequencies differently. In other words, these components will be identical for any GNSS signal frequency. However, two other parameters, s-lc-r15, and s-ld-r15¸ are dispersive, i.e. frequency dispersive and delivered for GPS L1 frequency (same for Galileo E1).
The complete standard deviation for the expected dispersive interpolation residual is computed using the formula:
                                                            (5)
where dRef is the distance of the rover/UE from the nearest physical reference station in [km].
The standard deviation for the GPS L2 frequency is calculated using the formula:
                                                                   (6)
where λ1 and λ2 are the wavelength of L1 and L2 signals.
Same principle can be applied to other signal combinations, provided that wavelength is known. For example, let us take the L1/E1 and L5/E5a combination, where λ2 from (8) is replaced by the λ5, the wavelength of L5/E5a signals:
                                                      (7)
The SI term is computed at the UE side (in UE-based) or at E-SMLC side (in UE-assisted) based on parameters in the GNSS-RTK-Residuals IE. 
Observation 2. For frequency channels different than L1, total standard deviation SI is computed as a function of L1 value and its wavelength. UE (UE-based) or E-SMLC (UE-assisted) needs to know which two frequency bands are used and what is their wavelength.  
FKP
The Flächen-Korrecktur-Parameter (FKP) or Area Correction Parameters method attempts to model the GNSS error over multiple reference stations using a flat plan or tilt correction. Figure 2 shows the error varying with distance between two reference stations (brown line). This error is modelled for several reference stations using an inclined plane (purple dashed line) and interpolated at the user’s position to determine the correction term to apply at the rover. This computation is carried out in two dimensions, thus, there are two corrections terms, one in the north-south and one in the east-west directions. 
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Figure 2: FKP principle
According to RTCM v3.3, to apply the gradient corrections the following relations shall be used:
                                            (8)
                                       (9)
N0, E0 – gradient in north-south direction, and east-west direction, for the geometric signal in [ppm]
NI, EI – similar gradients but applied for the ionospheric signal in [ppm] (influence on GPS L1 frequency)
φ, λ – ellipsoidal coordinates of the rover in radians
φR, λR – ellipsoidal coordiantes of the reference stations in radians
H = 1 + 16 (0.53 – E/π)3 where E the elevation angle of the satellite at the rover position in radians
δρ0, δρI – the distance dependent error for the geometric, and ionospheric signal [m]
With this information, UE (in UE-based mode) or E-SMLC (in UE-assisted mode) can compute, first, the gradient corrections using equation (8) and (9), and, second, the distance dependent errors that have to be applied to carrier phase and pseudroange measurements (10). 
From equation (8) and (9), it can be seen that the gradient corrections are GNSS – independent while equation (10) shows that distance dependent errors are frequency dependent. More precisely, the distance dependent error for a carrier phase measurements Ф on a signal with frequency f can be computed in [m] by:
                                                            (10)
where f1 is the GPS L1 frequency (1575.42 MHz), which overlaps Galileo E1 frequency.
A formula similar to (10) is used to compute the distance dependent error for a pseudorange measurement but the frequency ratio is preceded by minus sign. 
Observation 3. The gradients N0, E0 and NI, EI are the information conveyed from E-SMLC to UE in LPP messages. With these, UE can compute the total distance dependent error.
Observation 4. The total distance dependent error is frequency dependent only. In order to compute these corrections, UE and E-SMLC need to known what f in (10) is. Thus, two new fields fi need to be added to the GNSS-RTK-FKP-Gradients IE in order to support all GNSS.
Summary FKP and MAC
In case of Galileo system, f1 is E1 signal (overlapped with GPS L1) and f2 would be E5a signal (centered at same frequency as GPS L5). Below we provide all possible combinations of frequencies for GPS and Galileo.
	System
	Signal i
	Frequency (MHz) fi
	Possible Signals combinations f1 f2

	GPS
	L1
L2
L5
	1575.42
1227.60
1176.45
	L1, L2
L1, L5
L2, L5

	GLONASS
	G1
G2
G3 (CDMA)
	1602 + k*9/16
1246 + k*7/16
1202.025 
	G1, G2
G1, G3
G2, G3

	Galileo
	E1
E5b
E5a
E5(a+b)
E6
	1575.420
1207.14
1176.45
1191.795
1278.75
	E1, E5b
E1, E5a
E1, E6
E5b, E5a**
E5a, E6
E5b, E6
etc.

	BeiDou
	B1
B2
B3
	1561.098
1207.140
1268.52
	B1, B2
B1, B3
B2, B3

	QZSS
	L1
L2
L5
	1575.42
1227.60
1176.45
	L1, L2
L1, L5
L2, L5

	SBAS
	L1
L5
	1575.42
1176.45
	L1, L5


Table 1. Signal (f1 and f2) combinations.
NOTE:  Although possible, combinations of the type f1 = E5a/B2a and f2 = E5b/B2b are not recommended since the central frequency of the two signals are very close in the frequency spectrum and the iono-free combination is not too efficient.
Observation 5. The Galileo E1 signal is overlapped with the GPS L1 signal at a center frequency of 1575.420 MHz, whereas the Galileo E5a and GPS L5 signals are overlapped at 1176.450 MHz. 
Proposal 1. MAC and FKP support to be extended to include all GNSS systems and signals: two need fields, f1 and f2, need to be added in GNSS-RTK-MAC-CorrectionDifferences, GNSS-RTK-Residuals, and GNSS-RTK-FKP-Gradients IE. 
Non-Physical N-RTK: missing message
The Non-Physical Reference Station approach generates reference station data for every user as if coming from a local near Physical Reference Station (PRS). For that purpose, a network of continuously operating reference stations permanently tracks the errors in centimeter-level precision using ambiguity resolution techniques [8].
According to [8], the implementation of the Non-Physical Reference Station idea, often refered to as VRS, into a functional system solution follows the following principles:
1. First we need a number of reference stations (at least three), which are connected to the network server via some communication links. 
2. Determine atmospheric and orbit errors with cm-accuracy by fixing the ambiguities of the baselines within the network.
3. UE dials in to provide its rough location.
4. Simulate the position of the VRS by geometrically displacing the data of the PRS closest to the UE.

[image: ]
Figure 3: The VRS principle.
To be more specific, the differential corrections (geometric and ionospheric correction) between the PRS and the VRS location are added to the PRS observation and then a geometric displacement from the PRS to the VRS location is optionally applied [8].
Observation 6. According to [9], a VRS is a collection of corrected data from one reference receiver (in the network) that has been corrected for a local area within the network. This data is usually geometrically translated to be close to the region for which it is corrected, in this case, UE rough initial location. 
5. Interpolate the network errors at the VRS location using linear or more sophisticated models: 
[10] discusses an interpolation scheme where only the surrounding three stations are used to predict the corrections at the user. In this simpler model, a plane is fit to the error estimates at the three surrounding stations. This plane represents the 2D differential errors within the three-station triangle: in other words, FKP gradients are generated.
6. Transmit the corrections to the UE in real-time. 
Problem: Is there any need to provide coordinates of the nearest Physical Reference Station?
At a first glance, it seems like there is no need to concurrently provide the coordinates of the nearest PRS and VRS. However, the practice today is to use RTCM message type 1006 to provide the location of VRS and RTCM message type 1032 to provide the location of the nearest Physical Reference Station. In our understanding, there seems to be at least two reasons for which coordinates of VRS and nearest PRS need to be provided at the same time:
· The principle used to generate a VRS (see Step 4 and Step 5). The interpolation of the correlated errors to the location of the UE assumes a stochastic and physical relationship between the errors. For example, all interpolation methods assume that the closest reference station has the most influence over the predicted value because it is more likely to experience the same error conditions as the UE than one RS which is further away.
· Finally, [10] makes the following statement “there are possible legal issues in regards to traceability since the GNSS correction data are not directly linked to a real, physical reference station. However, it should be noted that RTCM message 1032 can be used to address this issue by providing the position of the closest physical reference station”.  
Proposal 2. RTCM Message type 1032 to be translated to ASN.1 in LPP.
Optimization of SSR IEs
General description of PPP technique
PPP method uses precise satellite clock and orbit parameters derived from global networks of Reference Stations as well as atmospheric models to perform single station positioning. When the orbits and clocks assistance data elements are provided in real-time, with no latency, the method is called Real-Time PPP.
Satellite clocks
All satellites contain atomic clocks that control all onboard timing operations, including broadcast signal generation. The atomic clocks in the GNSS satellites are very accurate and stable, but they do drift a small amount from the system time. The deviation of a satellite clock from the GNSS system time is modelled as a quadratic function of time (a 2nd order polynomial). The parameters of this model are:
· Atomic clock offset, C0
· Atomic clock drift, C1 – clock does not run at exactly some rate as a refrence clock (desynchronizes).
· Atomic clock drift rate, C2. This parameter is most of the time zero.
[image: Afbeeldingsresultaat voor clock drift rate]
Figure 4: Satellite clock correction parameters
In the navigation message, the satellite provides the user with an estimate of its clock erros but the accuracy is still of about ±2 metres (varies due to many conditions). To obtain a more accurate position, the GNSS receiver needs to compensate for the clock error. One way of compensating for clock errors is to make use of PPP technique. 
The European Space Agency (ESA) through its site European Space Operations Centre (ESOC) in Darmstadt, Germany, generates satellite navigation products for a pilot Real Time service in cooperation with IGS and the German Cartography Agency (BKG). In this pilot service, only clock offset correction (delta c0) is broadcasted because the atomic clocks onboard GNSS satellites are very stable over short periods of time (millimetre-accuracy at 10 seconds interval). 
Observation 7. Due to short update intervals and because of the very good stability of GNSS atomic clocks over short periods of time, there is no need to correct for drift and drift rate. There is no negative impact on positioning accuracy and it can reduce the message size significantly.
In LPP protocol, a clock corrections IE is proposed based on RTCM format. This IE contains the parameters to compute the clock correction 𝛿𝐶 applied to the broadcast polynomial and the parameters necessary to identify the broadcast satellite clock (System time). We did a quick analysis of the bandwidth requirements to accommodate 20 satellites in the clock correction message when (1) clock offset alone and (2) complete complete set of corrections is provided. 
	
	Complete set of clock corrections (delta c0, c1, c2)
	Only clock offset (delta c0)

	
Message size for Ns = 20 

	                               
3.625 + 9.5 * Ns = 194 bytes
	
3.625 + 3.5 * Ns = 74 bytes


Table 2. Clock message size analysis based on number of GNSS satellites.
Proposal 3. Delta-clock-C1-r15 and delta-clock-C2-r15 to be marked as OPTIONAL.
Satellite orbits
A GNSS user needs accurate information about the positions of the GNSS satellites in order to determine his or her position. Therefore, it is important to understand how the GNSS orbits are characterized. Satellite position can be computed in ECEF frame based on the ephemeris broadcast in the navigation message. 
According to RTCM v3.3, the SSR concept expresses the orbit error as difference to broadcast orbit and is composed by along-track, cross-track, radial offsets and velocity terms. However, considering the fast update rate (10 – 60 seconds), the velocity terms can be usually neglected. As an illustration, the IGS real-time pilot service uses RTCM SSR messages to provide orbit corrections only for along-track, cross-track and radial offsets to the broadcast ephemeris in the Earth-centered, Earth-fixed reference frame. 
[image: ]
Figure 5. Satellite orbit corrections in ECEF: along-track, cross-track, and radial offset.
Similar as for clock corrections IE, we have computed the size of the orbit corrections IE when the number of satellites is 20. When velocity terms are ignored, the size of the message is reduced by half: from 346 bytes to 179 bytes.
	
	Complete set of clock corrections (along-track, cross-track and radial offsets, and their rate)
	Proposed set of clock corrections (along-track, cross-track and radial offsets)

	
Message size for Ns = 20

	                               
8.5 + 16.875 * Ns = 346 bytes
	
3.75 + 8.75 * Ns = 179 bytes



Table 3. Orbits message size analysis based on number of GNSS satellites.
Observation 8. Neglecting SSR orbits velocity terms reduces to half the size of the IE and there is no significant loss in positioning accuracy.
Proposal 4. Along-track-rate-r15, cross-track-rate-r15 and radial-rate-r15 to be marked as OPTIONAL.
Proposed solutions to issues identified during the offline revision of Stage 3 draft CR.
Issue 4-2: Applicability of the new assistance data for all GNSSs supported in LPP: Should some new assistance obly be applicable to a subset of the GNSS?
Based on 3.1.1, PPP theory explained in RTCM v3.3, and on [4], it should be clear that the relevant assistance data is complete and applies to all GNSS systems. In order to correct the clock or orbit errors of a GNSS satellite, regardless of the GNSS system, it is enough to provide the GNSS-SSR-ClocksCorrections-r15 and GNSS-SSR-OrbitCorrections-r15 IEs. Same statement applies to GNSS-SSR-CodeBias IE.

Below, we mapped the individual RTCM SSR messages to the corresponding generic ASN.1 IE. 
	Assistance data elements in LPP
	Rtcm v3.3 GPS
	Rtcm v3.3 GLONASS
	Rtcm v3.3 Galileo
	Rtcm v3.3 Beidou
	Rtcm v3.3 QZSS
	Rtcm v3.3 SBAS

	GNSS-SSR-ClocksCorrections-r15
	
1058
	
1064
	
1241
	
1259
	
1253
	
1247

	GNSS-SSR-OrbitCorrections-r15
	
1057
	
1063
	
1240
	
1258
	
1252
	
1246

	GNSS-SSR-CodeBias-r15
	
1059
	
1065
	
1242
	
1260
	
1254
	
1248


Table 3. Correspondence between ASN.1 IE and RTCM SSR messages. In green are messages published in RTCM v3.3 while in blue are marked messages that are available at proposal level only.

Observation 9. These GNSS clock corrections and orbit corrections parameters are GNSS-independent e.g. no difference between which parameters have to be corrected for a GPS satellite and a Galileo satellite.
Proposal 5. The Clock, Orbit and Code bias IE description to be updated with a sentence regarding the applicability of the these IE to all GNSS. We propose:
· For clocks: The parameters provided in IE GNSS-SSR-ClockCorrections IE are used as specified for SSR Clock Messages per [30] and apply to all GNSS.
· For orbits: The parameters provided in IE GNSS-SSR-OrbitCorrections IE are used as specified for SSR Orbit Messages per [30] and apply to all GNSS.
· For code bias: The parameters provided in IE GNSS-SSR-CodeBias IE are used as specified for SSR Code Bias Messages per [30] and apply to all GNSS.
Issue 3-3: Is the “BDS toe Modulo” needed when GNSS-ID is BDS?
Joining real time correction with respective ephemerides has to be done using IOD (Issue of Date) number that allows for identifying the ephemeris. The IOD number for GPS and Galileo ephemeris is directly provided in the message as opposed to GLONASS and BDS. In order to calculate IOD for BeiDou, three clock correction parameters and 15 ephemeris parameters should be involved. The IOD is calculated as a control sum CRC-24. Nevertheless, the BDS IOD mechanism has been changed by the Chinese Beidou operation service once with the deploymeny of Beioud Phase 3 and the Beidou IOD can be directly provided (see [12], Section 7.4)
Proposal 6. BDS toe Modulo not needed anymore. Close Issue 3-3.
Issue 3-4 Ssr-ProviderID/ ssr-SolutionID 
There are some additional parameters in the SSR IE that have no impact on the positioning accuracy and, thus, can be removed:
· ssr-ProviderID is a globally unique identifier provided on request by RTCM to identify a SSR service provider. This field is of INTEGER type with values between 0 and 65535 and broke down as follows: 0 to 255 reserved for experimental services, and 256 to 65535 reserved unique SSR Provider ID (e.g. IGS ID is 258).
· ssr-SolutionID field indicates different SSR services of one SSR provider.
In our understanding the SSR Provider ID and SSR Solution ID are outside the control of 3GPP (RTCM sets them up), have no influence on the positioning accuracy, and, at the end, to UE the service provider will always be a network operator (what is beyond of E-SMLC is outside the scope of 3GPP). Similarly, the Solution ID field can be skipped as it is tied to Provider ID but also has no impact on the positioning accuracy or the usage of this IE.
Note, Issue Of Data (IOD) SSR is used to indicate a change in the SSR generation, which may be relevant for rover operation so it is recommended to keep this.
Proposal 7. Remove ssr-ProviderID, ssr-SolutionID from all SSR IE.
Antenna description
ReceiverAndAntennaDescription-r15 is a structure which provides short textual strings about the GNSS device and the Antenna device, and it built based on RTCM 1033 message.

The phase center of any GNSS antenna is not a point in space that can be used as a standard reference. For one thing, it varies with frequency, i.e. L1 center and L2 center are different, and depends on the azimuth and elevation of the satellite signals at the arrival at the antenna element. If not accounted for these variations can introduce up to dm-level offsets in the carrier phase measurements, and, consequently, in the UE position. 
· antennaDescriptor field

In order to help UE correct for these offsets during an RTK session, information about the antenna setup at the Reference Station needs to be provided: the field antennaDescriptor is of particular interest because it points UE to a set of phase center corrections that is unique for the antenna type used at the reference site.

In the conventional RTK, the antenna descriptor is provided as part of RTMC 1033 message. The RTCM DF030 (antennaDescriptor field) can indicate two main options/categories, both following The International GNSS Service (IGS) Central Bureau convention:

1. When antennaDescriptor (RTCM DF030) = ‘ADVNULLANTENNA’
This indicates a “null antenna” antenna type used to inform UE that all antenna calibration offsets have already been incorporated into all raw measurements associated to a network and provided to UE. Note that the reduction to the ADVNULLANTENNA is defined through the correction of the antenna phase center offsets and variations based on the absolute antenna correction representation in IGS ANTEX format.
2. antennaDescriptor = The official unique name in the IGS convention of an antenna type e.g. LEIAR20 LEIM, NOV512 NONE, etc. 

In this case, the receiver observables are not corrected beforehand for the type of GNSS antenna used. By providing separately the name of the GNSS antenna installed at the Reference Station, UE can reduce to ARP the carrier phase measurements based on the antenna phase center corrections linked to that particular antenna type (implies UE to have a an IGS ANTEX antenna database that can be used by its RTK algorithm). 

When corrections of antenna phase center variations are required, one should ensure that consistent sets are used throughout the application. The best way to ensure a consistent set of antenna phase center variations is to use only information from a single source (e.g. IGS in the case of RTCM) and ensure that the same form of representation is used consistently throughout each application.

Observation 10. The IGS antenna descriptor is unique and for a certain antenna type, only one antenna phase center model is provided. The antenna names for geodetic antennas used at reference stations can be found in rcvr_ant.tab file while the phase center corrections are stores in the IGS ANTEX format (Antenna Exchange format).
· antennaSetupID field
According to RTCM 3.3, this parameter has to be changed every time a change occurs at the station that could affect the antenna phase center variations. When the setup ID is equall to 0, the IGS antenna model or phase center pattern is applicable. Everytime an event that lead to a change in the antenna phase center variations took place, the setup ID shall be incremented by 1. For example, let´s assume that an antenna located at a Reference Station has been struck by lightning. The site owner decides to repair the antenna instead of replacing with a new one (of same type or different). After recalibration (operation to determine the phase center corrections), a significant change in the phase center variation is observed when compared to the type mean stored in IGS database. At this point, the antennaSetupID will have to be set equal to 1 and the site owner needs to inform the RTK service provider about the new phase center corrections. If another similar event takes place after some time, the antennaSetupID will have to be set to 2, and so on. 
Observation 11. Besides when antennaSetupID = 0 (IGS model is valid), the phase center variations linked to other setupIDs cannot be known beforehand. These new setups are influenced by unpredictable events that changed the electromagnetic properties of the antenna element.
When setting up a new Reference Station:
·  site location must be secured over the long-term so that changes of antenna location at the site are highly unlikely in the foreseeable future. 
· the station must be planned and installed for continuous and permanent operation. 
· the station is related to a national/regional geodetic network. Such network is usually called CORS network – Continously Operating Reference Stations network
· every effort shall be made not to disturb station equipment and configuration once installed
· the station´s GNSS antenna absolute calibration must be available in IGS ANTEX format (the latest igs14.atx)
Observation 12. Given the recommendations from above we believe that it is highly unlikely that the antennaSetupID for any Reference Station will ever be different than 0. Even so, LPP has no defined structure capable to transmit Phase Centre Offset and Phase Centre Variations to UE.

Proposal 8. antennaDescriptor field is mandatory and needs to follow IGS naming convention. Its current description will be replaced by:
“This field provides an ASCII descriptor of the reference station antenna. The unique antenna name is built based on the IGS naming convention.”
 Proposal 9. Antenna setupID is mandatory and will have two predefined values: 0 -> IGS phase corrections are valid and 1 -> The standard IGS model is no longer valid
Summary
Proposal 1. MAC and FKP support to be extended to include all GNSS systems and signals: two need fields, f1 and f2, need to be added in GNSS-RTK-MAC-CorrectionDifferences, GNSS-RTK-Residuals, and GNSS-RTK-FKP-Gradients IE. 
Proposal 2. RTCM Message type 1032 to be translated to ASN.1 in LPP.
Proposal 3. Delta-clock-C1-r15 and delta-clock-C2-r15 to be marked as OPTIONAL.
Proposal 4. Along-track-rate-r15, cross-track-rate-r15 and radial-rate-r15 to be marked as OPTIONAL.
Proposal 5. The Clock, Orbit and Code bias IE description to be updated with a sentence regarding the applicability of the these IE to all GNSS. We propose:
· For clocks: The parameters provided in IE GNSS-SSR-ClockCorrections IE are used as specified for SSR Clock Messages per [30] and apply to all GNSS.
· For orbits: The parameters provided in IE GNSS-SSR-OrbitCorrections IE are used as specified for SSR Orbit Messages per [30] and apply to all GNSS.
· For code bias: The parameters provided in IE GNSS-SSR-CodeBias IE are used as specified for SSR Code Bias Messages per [30] and apply to all GNSS.
Proposal 6. BDS toe Modulo not needed anymore. Close Issue 3-3.
Proposal 7. Remove ssr-ProviderID, ssr-SolutionID from all SSR IE.
Proposal 8. antennaDescriptor field is mandatory and needs to follow IGS naming convention. Its current description will be replaced by:
“This field provides an ASCII descriptor of the reference station antenna. The unique antenna name is built based on the IGS naming convention.”
 Proposal 9. Antenna setupID is mandatory and will have two predefined values: 0 -> IGS phase corrections are valid and 1 -> The standard IGS model is no longer valid
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‘The relationship between the server and the rover is shown in Figure 6.

Figure 6: The relation:
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Standardized method
MAX uses published algorithms to generate and send Network RTK corrections and is therefore a standardized
‘method. In addition. the data is alwavs traceable to real reference stations.
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method is conceptually the most straight forward approach, it is not extensively used. The
VRS and MAC methods are the most common methods used today. In addition to the
conceptual algorithms and data transmission, the data formats used between the network
processing server (NPS) and rover i critical for the efficient operation of NRTK systems.
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base station and rover are similar, an assumption that holds true in normal observing
conditions.  Hence, the modelling of the GNSS errors is based on two receivers, the rover
and base. By using additional error estimates from several (nearby) reference stations it is
bossible to model and thus interpolate the error at the user's position.
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Figure 1. The VRS principle (Landau er al., 2002)

The VRS network operator has to perform the following steps (Vollath et al., 2000a).

1) Determine atmospheric and orbit errors with cm-accuracy by fixing the ambiguities of the
baselines within the network,

2) Simulate the position of the VRS by geometrically displacing the data of the reference
station closest to the rover,

3) Interpolate the network errors at the VRS location using linear or more sophisticated
models, and

4) Transmit the corrections to the rover in real-time.

3. MASTER-AUXILIARY CONCEPT (MAC)

The relatively new Master-Auxiliary Concept (MAC) was introduced by Euler ef al. (2001)
and has been shown to deliver high-quality results (e.g. Euler ef al, 2002; 2003). It is
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The Orbit Correction Message contains the parameters for orbit corrections 50 in radial, along-track and cross-track component. These
orbit corrections are used to compute a satellite position correction 6X. to be combined with satellite position XpyoqacastXbroadeast
caleulated from broadcast ephemeris. The sign definition of the correction is

Xorvit = Xproadcast = 06X (3.12-1)

with
Xorpie satellite position corrected by SSR Orbit Correction message
Xproadcast  satellite position computed according to corresponding GNSS ICD from broadcast ephemeris parameter set
identified by IOD/IODE in SSR Orbit Correction message
5X satellite position correction
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