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1 Introduction

At RAN2#99bis an email discussion was agreed to progress the running LPP CR [4] 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

As part of the reviewing process a list with issues that need further inputs was put together. In this contribution we will address some of them.
2 Encoding RTCM Messages to ASN.1
2.1 Issue 1-6 and RTCM Message 1033: Antenna and Receiver description
RTCM 1033 is a message which provides short textual strings about the GNSS device and the Antenna device, it is part of the most used RTCM messages for RTK (alternatively, 1007 or 1008 can be used). From Figure 1 it can be seen that 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. In addition, the phase center and its variation are dependent on the azimuth and elevation of the satellite signals at the arrival at the antenna element. 
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2.3 " 1ssue 1-11: KI'CM 1UU6 Message
As mentioned by some companies in the email discussion, this parameter will be useful for geodetic applications to
reduce the baseline at a stable monument marker as antenna setup might suffer changes during the exploitation stage of
the Station. For the use cases seen as main drivers behind the enhancement of UE positioning (V2X. UAV, etc.) this

field won't be needed. Furthemore, the Reference station coordinates are linked to ARP (Antenna Reference Point) and
notthe Station marker.

e
Pole

Surveyed point = Station marker

If this parameter is not foreseen to be useful at any time in the fure, it can be skipped. Since message 1006 (XY Zaro =
antenna height) was proposed instead of message 1005 (XYZaxs) we assumed that QCOM had in mind some use cases
where antenna height above the survey monument would be needed but this was no reflected in the ASN.1 encoding
process.

Proposal 3. If the running CR will be refer to RTCM message type 1006, antenna height should be added. Should
antenna height is not needed, then the running CR should refer to RTCM message type 1005 (identic with 1006

» &)

“onmd




Figure 1: Antenna phase center and its variations.
Observation 1. The Message Types 1005 and 1006 avoid the phase center problem by utilizing the Antenna Reference Point (a physical point, typically the bottom of the antenna mounting surface), which is used throughout the International GNSS Service (IGS).

The field Antenna Descriptor is of particular interest because its content describes the antenna type installed at the reference station, hence, indirectly points to a set of phase center corrections that has to be applied to carrier phase measurements in order to avoid biases in measurements, and, consequently, in the UE position. 
The proper handling of dissimilar antennas is a pressing issue for the interoperability of RTK network data. Traditionally, the rover (UE) applied the antenna model for the Reference Station and the rover. This has a number of issues when the Reference Station is using an antenna that the rover does not know about. As an alternative, some service providers solved this problem by having the Reference Station apply the antenna model to the raw observations before being stream out to avoid biases caused by improper handling of antenna type. This was done to assist third party equipment which may not contain updated antenna types.  
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 2. The antenna descriptor is unique and follows the International GPS Service (IGS) Central Bureau convention. For a certain antenna type, only one antenna phase center model is provided. The antenna names are defined in IGS ANTEX format (Antenna Exchange format) and widely used in the GNSS community.
Therefore, 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 that the end user (UE) does do not have to deal with additional antenna offset corrections. To be more clear, it means all such 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 for the type of GNSS antenna used. By providing separately the name (following IGS convention) of the GNSS antenna installed at the Reference Station, the antenna phase center corrections can be performed when processing the receiver observables (at UE side => implies UE to have a an IGS antenna database that can be used by its RTK algorithm). 
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Figure 2: Choke ring antenna for reference station.

In figure 2 a typical choke ring antenna used at reference stations is presented. The unique name of this model, as adopted by IGS Convention Bureau, is NOV750.R4
NONE and this cannot be changed to something else by a service provider. The unique associated antenna phase center corrections for this model can be found at [5].
Antenna descriptor is not mandatory, but it helps others to understand the Reference Station setup. Furthermore, though ADVNULLANTENNA is usually used, there is no rule enforcing this approach and exceptions exist. In this case, raw data reduction process is possible only if the name of the antenna physically used by the Reference Station has been specified in the antennaDescriptor. 

Proposal 1. ReceiverAndAntennaDescription-r15 to become AntennaDescription-r15 and to be formed of two fields, namely antennaDescriptor and antennaSetupID. In addition, the IGS naming convention should be mentioned in the IE description.
2.2 Issue 1-10: RTCM MSM Messages
· Discussion on lower/higher resolution:
MSM6 and MSM7 contain same fields as MSM4 and MSM5 respectively, but with a higher resolution. We do believe, considering the class of UE terminals (non-geodetic GNSS Rx) and the potential positioning requirements (<1 m) associated to some of the mass market use cases (autonomous vehicles, UAV), providing the fine part of the Pseudorange and Phaserange at a lower resolution (2^-24, and 2^-29) instead of a higher resolution (2^-29, and 2^-31) will have no considerable impact on the accuracy of the final solution.

· Discussion on the need of providing a sub-set of MSM7:
Approach used in the GNSS community (here, IGS) for scientific applications (mm-cm errors): to send MSM7, http://mgex.igs-ip.net/. Nevertheless, making optional/conditional some fields, the communication bandwidth could be reduced. For instance MSM4 (even MSM3, what Novatel actually recommends as enough for most applications http://docs.novatel.com/OEM7/Content/Logs/RTCMV3_Standard_Logs.htm) can be used instead of MSM7 for RTK/N-RTK. Comparing to MSM7, MSM4 lacks Doppler/PhaseRange-Rate (but one can infer), decimal places of the CN0 and loses some fractional accuracy on the phase and range measurements (explained at previous bullet point). 
· Bandwidth impact:
RTCM 3.3 reports the following message size for 16 satellite and 4 signals:
	MSM 3
	MSM 4
	MSM 7

	3 081 bits
	3 593 bits
	5 929 bits


Clearly, MSM7 is the most complete (suitable for raw data collection) but also more bandwidth - demanding and a service provider should have the ability to configure a sub-set (or full) MSM7. In our view, supporting only MSM 7 transmission might impaire some of the original features of MSM, like flexibility and chance to reduce bandwidth when desired.
Proposal 2. To support provision of sub-sets of MSM7 by making optional/conditional the appropriate fields in GNSS-RTK-Observations IE. 
2.3 Issue 1-11: RTCM 1006 Message

As mentioned by some companies in the email discussion, this parameter will be useful for geodetic applications to reduce the baseline at a stable monument marker as antenna setup might suffer changes during the exploitation stage of the Station. For the use cases seen as main drivers behind the enhancement of UE positioning (V2X, UAV, etc.) this field won´t be needed. Furthemore, the Reference station coordinates are linked to ARP (Antenna Reference Point) and not the Station marker. 
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Figure 3: ARP, Station marker and the height difference between the two.
Although this parameter might not be needed except in geodetic applications, antenna height should be added to the GNSS-RTK-ReferenceStationInfo IE if TS 36.355 will continue to refer to RTCM message 1006. Another option is to replace RTCM 1006 (XYZARP + antenna height ) with RTCM 1005 (XYZARP) in the description of the IE. 
Proposal 3. Add antenna height field to GNSS-RTK-ReferenceStationInfo IE since this IE is used as specified for  RTCM message type 1006, not RTCM message type 1005. 
2.4 Issue 3-1: signal-and-tracking-mode-ID
We believe GNSS-SignalID can be used to replace signal-and-tracking-mode-ID. What is more, we are convinced that GNSS-SignalID can be used for the FFS in signal-and-tracking-mode-ID.
The GNSS-SignalID has been extended based to the signal mask used for RTCM MSM messages while signal-and-tracking-mode-ID has been defined based on RTCM SSR messages. We introduce a new format into discussion: RINEX. 
RINEX stands for Receiver Independent Exchange Format and  is a data interchange format for raw satellite GNSS data. In RINEX, GNSS data is represented as pseudorange, carrier phase range, Doppler, and Carrier/Noise Ratio, same as MSM approach. RTCM was associated to real time applications (N-RTK, etc.), while RINEX is associated to post processing. Data processing and data formats were different but this independence caused serious problems: there was a problem with carrier phase alignment between signals of the same frequency. Overall, RTCM is still a GPS L1 centred protocol. It still supports only GPS and GLONASS data (see the RTK and N-RTK methods) and in all the cases, GLONASS data are just modified copies of originally designed GPS data. In this respect, RINEX-3 is more mature as a universal GNSS format. RINEX joined the RTCM as a special Working Group and today RINEX and RTCM experts can sit on the same table discussing the same problems. Today, all RINEX versions are released by International GNSS Service (IGS), RINEX Working Group and Radio Technical Commission for Maritime Services Special Committee 104 (RTCM-SC104).
Observation 3. RINEX versions are open formats accessible for free and produced by IGS, RINEX WG and RTCM SC104.
RTCM and RINEX are the parents of MSM. Based on RINEX/RTCM documents, RTCM MSMS WG defined four primary observables for each GNSS signal: pseudorange, carrier phase range, Doppler, and Carrier/Noise Ratio. According to RTCM v3.3, the MSM (Section 3.5.16) signal mask is compatible with RINEX 3.01 [6]. On the other hand, SSR (Section 3.5.12) signal mask RTCM is compatible with RINEX 3.0 [7]. RTCM SC104 started working on SSR long before MSM concept was even proposed to RTCM. But even so, MSM today is fully standardized while SSR is still incomplete after more than 10 years. Nevertheless, it is expected that in subsequent releases SSR signal and tracking mode will be modified to match MSM signal mask, as the latter is more complete and accounts for all exisiting GNSS signals today. 

Observation 4. RTCM MSM signal mask, and, thus, GNSS-SignalID, is compatible to RINEX 3.01, while RTCM SSR signal mask, and, thus, signal-and-tracking-mode-ID, is compatible to RINEX 3.0. Discrepancies (e.g. no GPS L1C in RINEX 3.0) between GNSS-SignalID and signal-and-tracking-mode-ID are due to this covention.

Proposal 4. To use GNSS-SignalID as a replacement for signal-and-tracking-mode-ID.
Proposal 5. To use GNSS-SignalID for the FFS in signal-and-tracking-mode-ID.
2.5 Issue 3-2: (Existing) GNSS-SignalID and its extension
Some existing signals are not precisely specified, and therefore, may be duplicated by some of the newly added signals. E.g., existing GPS L1C could mean L1C(P), L1C(D) and/or L1C(D+P). Is it possible to better define and re-use the existing signals in GNSS-SignalID?

We believe that this issue exists due to the fact that at the introduction of GNSS-SignalID in LPP, RTCM SC104 standards (probably version 2.3) were not compatible with RINEX standards (since RTCM v3.X, no longer a problem). In our view, the extended GNSS-SignalID is a hybrid signal mask where existing GNSS-SignalID follows the old RTCM 2.3 convention (not RINEX compatible) while the extension GNSS-SignalID will introduce signal notations following the convention in RTCM v3.3 defined for MSM (RINEX 3.01 compatible).

Proposal 6. If changing the existing GNSS-Signal ID will affect the backward compatibility, we believe the GNSS-SignalID should not be modified and left as is. Additionally, a note explaining potential dupplications could be added after the GNSS-SignalID.
3 Summary
Observation 1. The Message Types 1005 and 1006 avoid the phase center problem by utilizing the Antenna Reference Point (a physical point, typically the bottom of the antenna mounting surface), which is used throughout the International GNSS Service (IGS). 
Observation 2. The antenna descriptor is unique and follows the International GPS Service (IGS) Central Bureau convention. For a certain antenna type, only one antenna phase center model is provided. The antenna names are defined in IGS ANTEX format (Antenna Exchange format) and widely used in the GNSS community.
Observation 3. RINEX versions are open formats accessible for free and produced by IGS, RINEX WG and RTCM SC104.
Observation 4. RTCM MSM signal mask, and, thus, GNSS-SignalID, is compatible to RINEX 3.01, while RTCM SSR signal mask, and, thus, signal-and-tracking-mode-ID, is compatible to RINEX 3.0. Discrepancies (e.g. no GPS L1C in RINEX 3.0) between GNSS-SignalID and signal-and-tracking-mode-ID are due to this covention.

Proposal 1. ReceiverAndAntennaDescription-r15 to become AntennaDescription-r15 and to be formed of two fields, namely antennaDescriptor and antennaSetupID. In addition, the IGS naming convention should be mentioned in the IE description.

Proposal 2. To support provision of sub-sets of MSM7 by making optional/conditional the appropriate fields in GNSS-RTK-Observations IE. 
Proposal 3. Add antenna height field to GNSS-RTK-ReferenceStationInfo IE since this IE is used as specified for  RTCM message type 1006, not RTCM message type 1005. 

Proposal 4. To use GNSS-SignalID as a replacement for signal-and-tracking-mode-ID.

Proposal 5. To use GNSS-SignalID for the FFS in signal-and-tracking-mode-ID.
Proposal 6. If changing the existing GNSS-Signal ID will affect the backward compatibility, we believe the GNSS-SignalID should not be modified and left as is. Additionally, a note explaining potential dupplications could be added after the GNSS-SignalID.
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