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1. 
Introduction

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

This email discussion will be organized in four parts, as outlined in section 3 below, with the following deadlines for providing input/comments:

· Part 1: Deadline Friday November 24, 2017
· Part 2: Deadline Friday December 22, 2017 
· Part 3: Deadline Wednesday January 24, 2018 
· Part 4: Deadline Monday February 12, 2018
2. 
Agreements

The relevant agreements for this email discussion are summarized below:

RAN2#99 [1]:
1. Use the RTCM Standard 10403.3 OSR message types and data fields to support network RTK. 

2. VRS should be considered as a viable network RTK technique implemented using SIB broadcast. 

3. Support at least the following RTCM message types:
a. Observation message types using MSM definitions (1071 – 1127).
b. Station Coordinates messages (1006).
c. Receiver and Antenna Descriptors (1033).
d. GLONASS code-bias information (1230).
e. MAC Network RTK messages (1014, 1017, 1030, 1039, 1031).
f. FKP Network RTK messages (1034, 1035).

4. These agreements comprise a baseline and additional support can be discussed.

5. Extend the currently 8-bit GNSS-SignalID in LPP to 32-bits with the mapping defined in [x].
6. Extend the ADR measurement report in LPP from currently 25-bits to 29-bits, with resolution of 2-10 meters (INTEGER(0..536870911)).
7. Add an adrRMSerror field to the GNSS measurement report in LPP [x] defined as "RMS error of the continuous carrier phase" (INTEGER(0..127) with resolution 2-10 meters).
8. Extend the codePhase measurement report in LPP [x] from currently 21-bits to 24-bits (INTEGER(0.. 16777215) with 2-24 milli-seconds resolution.
9. Will be captured in stage 3.

10. To add “adr” sign to allow the full range of carrier phase measurement direction.

RAN2#99bis [2]:

11. Select option 2 (ASN.1 encoding) for RTK assistance data for both broadcast and uni-cast.
12. The following messages are adopted to support RT-PPP as a baseline:

a. GPS SSR (1057 – 1059)

b. GLONASS SSR (1063 – 1065)

c. Galileo SSR (1240 – 1242)

d. SBAS SSR (1246 – 1248)

e. QZSS SSR (1252 – 1254)

f. BeiDou SSR (1258 – 1260)

13. These proposed messages comprise a baseline and additional support can be discussed as the work carried out in 3GPP should not be restricted to only what has already been agreed by RTCM. Translate all agreed RTCM SSR message types and data fields to ASN.1 and add the corresponding information elements to the LPP A-GNSS-ProvideAssistanceData message.
In addition to the above agreements, the following items will be discussed as part of this email discussion:
14. Changes required to support UE-based mode.
15. Changes required required to support periodic assistance data delivery.

Note, items 14/15 are not covered by any RAN2 agreements yet. However, in order to have a complete as possible LPP CR version available at RAN2#101, it is included in this email discussion. 

3. 
Organization of this Email Discussion

This email discussion will be organized in 4 parts:
Part 1: 

Discussion/review of document R2-17xxxxx_(Running LPP CR for RTK GNSS positioning)_v1.doc (attached). This includes:
· Review of changes for the enhancements for UE-assisted mode, as proposed at RAN2#99bis [3].
· This covers items 5., 6., 7., 8., 9, 10 in section 2 above.

· Review of changes proposed to support UE-based mode.

· This covers item 14 in section 2 above.

· Review of changes proposed to support OSR assistance data.

· This covers items 3a, 3b, 3c, 3d in section 2 above.

After the deadline for Part 1 discussions, the rapporteur will provide an updated version v2 of the running CR, taking the comments into accout as far as possible. Any open/unresolved issues will be summarized and highlighted in this report, and may require additional discussions/input contributions at RAN2#101. 

Part 2: 

Discussion/review of document R2-17xxxxx_(Running LPP CR for RTK GNSS positioning)_v2.doc. This includes:

· Review of changes proposed to support Network RTK assistance data.

· This covers items 3e and 3f in section 2 above.

After the deadline for Part 2 discussions, the rapporteur will provide an updated version v3 of the running CR, taking the comments into accout as far as possible. Any open/unresolved issues will be summarized and highlighted in this report, and may require additional discussions/input contributions at RAN2#101. 

Part 3: 

Discussion/review of document R2-17xxxxx_(Running LPP CR for RTK GNSS positioning)_v3.doc. This includes:
· Review of changes proposed to support SSR assistance data.
· This covers item 12 in section 2 above.

After the deadline for Part 3 discussions, the rapporteur will provide an updated version v4 of the running CR, taking the comments into accout as far as possible. Any open/unresolved issues will be summarized and highlighted in this report, and may require additional discussions/input contributions at RAN2#101.

Part 4: 

Discussion/review of document R2-17xxxxx_(Running LPP CR for RTK GNSS positioning)_v4.doc. This includes:

· Review of changes proposed to support periodic assistance data delivery.

· This covers item 15 in section 2 above.

After the deadline for Part 4 discussions, the rapporteur will provide an updated version v5 of the running CR, taking the comments into accout as far as possible. Any open/unresolved issues will be summarized and highlighted in this report, and may require additional discussions/input contributions at RAN2#101.

The version v5 will then be submitted to RAN2#101 together with this email discussion report summarizing the open issues. 

4. 
Part 1 Discussions

Discussion/review of document R2-17xxxxx_(Running LPP CR for RTK GNSS positioning)_v1.doc (attached).
1. UE-assisted mode enhancements:
The UE-assisted mode enhancements were already discussed at RAN2#99bis [3]. The draft CR in [3] is used as baseline for the R2-17xxxxx_(Running LPP CR for RTK GNSS positioning)_v1.doc document. The changes in [3] and the additional changes made in R2-17xxxxx_(Running LPP CR for RTK GNSS positioning)_v1.doc should appear in different coloured change bars. 

This covers items 5., 6., 7., 8., 9, 10 in section 2 above.

Companies are invited to provide comments/suggestions/additional proposed changes/questions, etc. on the Enhancements for UE-assisted mode:
	Company
	Comments

	Ericsson
	1. For the field description associated to adrMSB, it can be reasonable to associate to a capability. Also, suggested revised text: 

This field contains the 4 most significant bits of the ADR measurement in case the ADR measurement is outside the range of the field adr alone. If present, the full ADR measurement is constructed as (adrMSB*225 + adr) with the scale factor 2-10 meters, representing measurements in the range from 0 to 524287.9990234375 meters. This field is optional, but shall be included, if the capability adrEnhancementsSupport is set to TRUE in A-GNSS-ProvideCapabilities) and the ADR measurement is outside the range of the adr field.
2. For the field description associated to adrSign, it is enough to state that this is the sign of the measurement. A positive sign itself does not mean that the satellite is moving away from the UE. Two consecutive positive measurements where the first is greater than the second means that the satellite is moving towards the UE example.

3. The updated field description for carrierQualityInd is good.
4. For the field description associate to adrRMSerror  we propose :
This field contains the ADR root mean squared error value. Scale factor 2-10 meters. 
5. We propose to change the field name from codePhaseExt to delta-codePhase to align with the existing naming convention adopted for RSTD. This also needs to be changed in the field description associated to adrEnhancementsSupport.
6. Introduction of gnss-SignalID-Ext-r15 is OK

	Qualcomm
	Answers/comments to the questions raised by Ericsson above:

1. Done in -v2.
2. A sign convention should be needed to avoid interoperability issues (e.g., similar to the Doppler). The current proposal is copied from the Android getAccumulatedDeltaRangeMeters() API.  Added issue #1-15 to the issue list in section 4.1 below.
4. Done in -v2.

5. Done in -v2.


2. UE-based mode support:
To support UE-based mode, the following is proposed in  R2-17xxxxx_(Running LPP CR for RTK GNSS positioning)_v1.doc:
· The IE HighAccuracy3Dposition shape is added with finer resolution compared to the exsiting GAD shapes (a few milli-meters, compared to about 3 meters). The definition of this IE is copied from LPPe [4].

· The LocationCoordinateTypes and LocationCoordinates are updated accordingly. 
· A request for high-accuracy position is added to the GNSS-PositioningInstructions.
Companies are invited to provide comments/suggestions/additional proposed changes/questions, etc. on the proposed additions to support UE-based mode:  

	Company
	Comments

	Nokia
	“High accuracy 3D geographical point” must first be agreed in SA2 in TS 23.032. We can then use it in LPP. We should send an LS to SA2 and ask for them to define the proposed new GAD based on LPPe or ask them to provide feedback if that is not acceptable.
CommonIEsProvideLocationInformation: Shouldn’t the suffix in highAccuracy3Dposition-v15xy 
be -r15?

locationEstimate in CommonIEsProvideLocationInformation : I prefer we define coding rules in 23.032
Additional comments on 20 NOV:

1. ha-GNSS-Req-r15 in GNSS-PositioningInstructions: Given that different RTK service levels are possible depending on the type of assistance provided by the location server shouldn’t we have a finer granularity to be able to request a specific RTK or PPP method?
2. ha-GNSS-Req-r15 in GNSS-PositioningInstructions: Why not define it as OPTIONAL Need OP instead of a conditional field? If it is to be a conditional field then it should be tied to the adrMeasReq field also.
3. UEB condition tag is a bit unclear to me. Make it clear that if only for the case where a UE-based method could be used this field ha-GNSS-Req-r15 can be used

4. Field description of ha-GNSS-Req: Rephrase as follows: “This field, if present, indicates that any location estimate provided by the target device should be obtained using high accuracy RTK/PPP methods”

5. What does it mean when we say “the target device supports GNSS RTK StationCoordinates”? Having a bit of a problem understanding why support for RS coordinates is to be indicated as a specific UE capability.



	Qualcomm
	HighAccuracy3Dposition: In principle agree with Nokia above. E.g., ELP in 29.172 refers to 32.299 which defines a location estimate as an octet string according to 23.032. That means it will be needed to add the new GAD shape to 23.032 as an octet string. However, it may be better to define the details in RAN2 and provide the RAN2 recommendation to SA2 instead of letting SA2 defining the details. 
QoS in CommonIEsRequestLocationInformation: The max. response time of 128 seconds is not enough for ambiguity resolution. The unit of the field may be changed to minutes for RTK, or a new field needs to be added.
Smaller values/finer granularity for the horizontalAccuracy and verticalAccuracy could also be considered (smallest possible value is currently ~1m).
In case of periodic reporting for UE-based is requested by the E-SMLC, it should be allowed to report the initial fixes (before ambiguity resolution) as normal code-phase based solutions. Also in case of loss of carrier phase lock, the UE should report the code-phase based fixes instead of no report. For this, the locationSource in CommonIEsProvideLocationInformation may be used to indicate “normal” GNSS or RTK/PPP GNSS fixes. 

On the extension suffix: According to the guidelines in clause A.4.3.2 of 36.331, an ENUMERATED and CHOICE is extended using a suffix of the form "vXYZ". It seems also LPP is using the "vXYZ" consistently for ENUMERATED and CHOICE. 

	Ericsson
	1. We agree with Qualcomm that it is better that RAN2 agrees to these details. TS 23.032 has not been updated since Rel. 9, and it can be better to add the updated GAD information to the LPP specification instead?
2. Some fields in the HighAccuracy3Dposition could be described slightly more detailed. For example, cep, could be better tied to the confidenceHorizontal field, and in the same way, uncertainty-altitude could be better tied to the confidenceVertical. Proposed changed text (similar for uncertainty-altitude):

This field specifies the horizontal uncertainty in terms of the Circular Error Probability (CEP) at the percentile provided by the confiidenceHorizontal field. The horizontal uncertainty at this percentile is expressed as the coded number N.    
3. Since not all devices are expected to provide altitude information, the altitude field shall be OPTIONAL. 



	Huawei
	The detail for HighAccuracy3Dposition shape shall be further discussed. The running CR try to define a new GAD shape according to the 23.032, but it is not clear how the equations in the running CR are derived, e.g. uncertainty. A discussion paper is needed to illustrate all the new equations.

	Qualcomm
	Answers/comments to the questions raised by Nokia above:

1. Should be evaluated. E.g., if the service level depends on the assistance data, the request may be implicit. It is also related to our comment on QoS (horizontal/vertical accuracy). Issue #1-2 is added in section 4.1 below. 

2. A new/separate request should only be needed for UE-based (hence, conditional), since the existing UE-assisted request (adrMeasReq) should be sufficient. Added to issue #1-2 in section 4.1 below. 

3. Positioning Instructions allow for locationEstimateRequired, locationMeasurementsRequired, locationEstimatePreferred, locationMeasurementsPreferred. For three of those items, a location estimate is possible, as currently indicated in the condition. 

4. Done in -v2. 

5. The current draft follows the principle of existing AssistanceDataSupportList. At least in the past, it was not possible to agree on a (mandatory) set of assistance data for a certain GNSS service level, e.g., assistance data required for UE-based, UE-assisted, DGNSS, etc. However, if this should now be possible for different levels of RTK and PPP, it could be considered. Added issue #1-3 to evaluate further.  

Answers/comments to the questions raised by Ericsson above:

1-3. We think the new shape would need to be defined in 23.032, since this is referenced by other specs. It may be better to have all GAD shapes defined at a single place. However, the current proposal (HighAccuracy3Dposition) is not very suited for an octet string definition. Maybe multiple new high-precision GAD shapes would need to be defined. (Should be evaluated/discussed further (Issue#1-1)). 

Answers/comments to the questions raised by Huawei above:

The current proposal is copied form LPPe (which also supports RTK/PPP). As discussed above, this will likely have to be revised and/or replaced. Issue #1-1.




3. OSR assistance data:

The assistance data to support RTK observations include:
a. Observation message types using MSM definitions (1071 – 1127).

b. Station Coordinates messages (1006).

c. Receiver and Antenna Descriptors (1033).

d. GLONASS code-bias information (1230).

These RTCM message types are translated to ASN.1 and embeded in the common/generic GNSS assistance data. The assistance data request IEs and UE capabilities are updated accordingly.
The proposed changes follow the principles described in [5], section 4.
Companies are invited to provide comments/suggestions/additional proposed changes/questions, etc. on the proposed RTK assistance data:
	Company
	Comments

	Qualcomm
	RTCM messages make use of a Reference Station ID (referenceStationID in GNSS‑RTK‑StationCoordinates). It is currently not clear whether this ID is really needed in LPP, but if needed, the definition as an INTEGER from 0-4095 does not seem sufficient as a global ID in a large network (or in multiple networks).
GNSS‑RTK‑StationCoordinates do not contain any uncertainty, and are expressed differently to the UE measurement report (HighAccuracy3Dposition). It may be better to align the two fields (i.e., reference station coordinates and UE location estimate) since the UE location is determined relative to the reference station. 

	Nokia
	Comments on 20 NOV:

1. GNSS-RTK-StationCoordinates: IE description has one typo. Earth-centred should be Earth-centered.

2. Please consider mentioning the specific RTCM message numbers when referencing the RTCM standard to provide some sense of mapping of the fields to specific RTCM messages e.g. You could say “The parameters provided in IE GNSS-RTK-StationCoordinates are used as specified for Type 1006 and Type 1033 messages in [30]”

3. GNSS-RTK-StationCoordinates/referenceStationIndicator-r15: Wonder why we need extension indicator? It is only a bit data type in RTCM standard.

4. GNSS-RTK-StationCoordinates/ antennaDescription-r15: UE behaviour need to be specified for when this field is not present in the message as antennaDescription is an OPTION field without Need code.

5. antennaDescription-r15: This implements MT 1033. Why not have it as a separate IE GNSS-RTK-ReceiverAntennaDescriptor inside GNSS-CommonAssistData IE? Alternatively, we can rename GNSS-RTK-StationCoordinates to GNSS-RTK-ReferenceStationInfo and containing StationCoordinates IE and antennaDescription IE

6. ReceiverAndAntennaDescription-r15/antennaSerialNumber -r15: Should antennaSerialNumber be OPTIONAL because RTCM std says that this should be omitted under certain situations to avoid confusion?
7. ReceiverAndAntennaDescription-r15: Use of VisibleString seen. Why not OCTET STRING? Does Visiblestring allocates only the actual number of characters depending on the string length or is this always a fixed 256 character string?
8. Field description of referenceStationID: Rename “service provider” as “RTK service provider” or “Differential GNSS service provider” or “Differential GNSS/RTK service provider” or “correction data service provider”?

9. Field description of antenna-reference-point-ECEF-X: Describe that value of -137438953472 indicates “data not available”.
10. Field description of antennaDescriptor mentions “ASCII”: antennaDescriptor in RTCM is defined as Char8(n). Char8(n) data type is defined as not limited to ASCII character. Can we say “alphanumeric descriptor” instead of “ASCII descriptor”? Should we also describe that IGS limits this field currently to 20 characters? Also, noticed that in RTCM std the counter length is mentioned as <= 31
11. Field description of receiverTypeDescriptor, receiverFirmwareVersion, receiverSerialNumber: RTCM says that version and serial number strings are not standardized and is up to manufacturer. Should we mentioned it?
12. Field description of smoothingInterval and table heading text: Reads better if you rephrase as “smoothingInterval value to interpretation of Smoothing Interval” relation
13. Although commonly used in GNSS community it would be good to have a definition in our spec for the following: Pseudorange, Phaserange, Phaserangerate, derivatives

14. GNSS-RTK-Observations IE description: “Whenever GNSS-RTK-Observations is provided by the location server, the IE GNSS-ReferenceTime shall be provided as well”. Shouldn’t also the GNSS-RTK-StationCoordinates be mandatory when GNSS-RTK-Observations are provided? Should we make the GNSS-RTK-Observations conditional based on inclusion of GNSS-RTK-Observations?
15. GNSS-RTK-Observations/lockTimeIndicator-r15: why only extended resolution lock time indicator (DF407) is implemented? No option for standard precision lock time indicator DF402?
16. GNSS-RTK-StationCoordinatesReq IE: IE description says “to request the GNSS RTK StationCoordinates assistance from the location server” but only receiverAndAntennaDescriptionReq is possible to be requested (and not the RS coordinates itself).

17. Why only phaserangerate and CNR are defined as OPTIONAL in GNSS-RTK-Observations and not these following fields: integer-ms, fine pseduorange, fine phaserange, lock time indicator and half cycle ambiguity? Shouldn’t it be possible to signal any of the MSM1 through MSM7 messages independently? In general, it looks like the ASN.1 implemented mainly only MSM7?

18. GNSS-RTK-ObservationsReq: Field name of gnss-RTK-CtoN-Req: Maybe we can use CNR instead of CtoN, as in RTCM std.


	ESA
	Page 31: Translation of RTCM Message 1006: Antenna Height parameter (marking the height of the ARP above the marker) is missing from GNSS RTK StationCoordinates – this will prevent the Rover/UE add the offset value. Is there a particular reason for which Antenna Height is missing? 
Page 32: In RTCM 3.3 the header of MSM message contains a data field called GNSS Cell Mask that is not found in the ASN.1 translation (RTK-CommonObservationInfo). Is this the same with GNSS –RealTimeIntegrity, thus, no need to duplicate in A-GNSS data elements?

Page 68: The IE GNSS-RTK-Observations is used by the location server to provide GNSS reference station observables (pseudorange and phaserange) of the GNSS signals...
We recommended that Phase Range Rate (Doppler) and Carrier to Noise ratio (CN0) to be mentioned in parenthesis, as optional observables, along with pseudorange and phaserange.
Page 70: GLO FDMA mentioned in RTCM message is missing in GLO RTK-BiasInfo. Is it already captured somewhere else?
Page 81: gnss-RTK-CtoN-Req to become gnss-RTK-CNR-Req 

Page 72:

6.5.2.3
GNSS Assistance Data Request

–
GNSS-CommonAssistanceDataReq

Why would the user specifically asks for the antenna ARP coordinates and Rx and Ant descriptor? In our understanding this information (RTCM 1006 and RTCM 1033) is always provided in the package of RTK corrections without being specifically requested by UE. This is needed for the estimation of the baseline UE - RS. 
Page 91: 

6.5.2.10
GNSS Capability Information Elements

–
GNSS-CommonAssistanceDataSupport

Similar comment as above. Why would the UE need to mention that it supports RS Coordinates? If truly needed, then, can the condition become RTK-OSR-Sup or something along this line? In our view, if a UE supports RTK then RS Coordinates should be implicitly supported as this is a must for RTK algorithm.
GNSS‑RTK‑StationCoordinates do not contain any uncertainty, and are expressed differently to the UE measurement report (HighAccuracy3Dposition). It may be better to align the two fields (i.e., reference station coordinates and UE location estimate) since the UE location is determined relative to the reference station.
We would like to understand better your comment, can you explain the second part (different approach to express RS location and UE location)?

	Ericsson
	1. There are quite many unspecified fields in RTCM, such as antennaDescriptor, antennaSetUpID,(all values except 0), antennaSerialNumber,,receiverTypeDescriptor, receiverFirmwareVersion, receiverSerialNumber. Are they really needed? We think they should be FFS until relevance has been motivated and descriptions have been provided. 
2. VisibleString is already used to represent the EPDU name in LPP so it can be used if needed. However, it remains to be seen if any visualstrings are needed to add support for GNSS RTK.

3. We share the opinion of other companies that we shall have a reference to RTCM message numbers more clearly stated.
4. Regarding the definition of the referenceStationID field. In this context, from a UE perspective, the text should rather say something like “… is identifying the reference station uniquely from a device perspective”. There is no need to state that some correction provider has defined this, and besides, the location server should be able to change this if deemed relevant.
5. Given that there is very little difference in number of bits for GNSS signal pseudorange, GNSS signal phase range, GNSS phaserange lock time indicator and GNSS signal CNR, it is probably OK to only represent the fine resolution (these four will imply 47 bits in total in MSM4, and in total 64 bits in total in MSM6, and this is per reference station). If we would like to still allow the possibility to either encode in standard or fine resolutions, we could define two separate IEs combining these four, and what is included is a selection.

6. Some more of the fields of GNSS-RTK-Observations should be OPTIONAL, in order to support the different scopes of MSM1-6 as well:
interger-ms, fine-PseudoRange, fine-PhaseRange, lockTimeIndicator, halfCycleAmbiguityIndicator, carrier-to-noise-ratio and fine-PhaseRangeRate
Furthermore, there is a need to restrict the (lack of ) presence of the fields to match the scope of MSM 1-7 (or rather MSM1-3,6,7 in case we do not care about the standard/high resolution). 

We shall let the conditional presence be defined based on RTCM 104.3.3, Table 3.5-72

interger-ms, MSM: (4,5),6,7

fine-PseudoRange, MSM: 1,3,(4,5),6,7

fine-PhaseRange, MSM: 2,3,(4,5),6,7
lockTimeIndicator, MSM: 2,3,(4,5),6,7
halfCycleAmbiguityIndicator, MSM: 2,3,(4,5),6,7
carrier-to-noise-ratio, MSM: (4,5),6,7
fine-PhaseRangeRate, MSM: (5),7


	Huawei
	In GNSS-RTK-StationCoordinates-r15 IE, the “Height Antenna Height” is absent which is specified in RTCM 1006 message.

In GNSS-RTK-SatelliteDataElement IE, more fields needs to be set optional to support MSM1-MSM7. 

In GNSS-RTK-SatelliteSignalDataElement-r15 IE, only Lock Time Indicator with extended range and resolution (DF407) is included, the Lock Time Indicator (DF402) and the corresponding table are also needed to support MSM2-MSM5. 

In GNSS-CommonAssistDataReq IE, there is only the gnss-RTK-StationCoordinatesReq-r15, why is the gnss-RTK-CommonObservationInfoReq-r15 IE is absent? And the corresponding capability IE maybe also needed.

	Qualcomm
	Answers/comments to the questions raised by Nokia above:

1. Done in -v2.

2. Done in -v2.

3. Seems unnecessary. Removed in -v2.

4. Need added; also raised by ESA, Ericsson. Added Issue #1-6. 

5. The Antenna Description must be related to the station. IE is renamed in -v2 as proposed.

6. Since the info is provided as readable text, it could just include a e.g., blank if the info is not available, or the actual text “not available”, etc.

7. There are several ASN.1 Character String Types available (e.g., IA5String, UTF8String, etc.). However, ASCII text appears suitable. Added issue #1-7. 
8. Renamed in -v2.

9. If data is not available, the IE should not be provided. This may apply to other fields as well. Added Issue #1-8.

10. See 7 above. Issue #1-7. 

11. Added in -v2.

12. Added in -v2.

13. Added Issue#1-9.

14. In a location session (with periodic assistance data delivery), the station coordinates should only be required in the first assistance data message. 

The current draft is similar to Acquisition Assistance. However, Reference Time is valid at the UE location, not at the reference station location. It may be needed to add the epoch time to the GNSS-RTK-Observations directly (similar as proposed for the network RTK IEs which have been added in -v2). Issue #1-16.
15. This (and 17) raises a general point: Currently, it is proposed in the draft to define only the "high resolution" messages, since lower resolution data can always be provided with these fields as well. Added Issue #1-10.

16. This follows the logic of similar IEs. The IE name is the same as the AD element, but optional present fields can be separately requested. 

17. Added Issue #1-10. The motivation for this is based on the experience with e.g., GNSS Acquisition Assistance Data: In GSM and UMTS, most fields were optional, resulting in ambiguity in deployments and implementations. In LTE, all fields were then made mandatory. RTK Observations are in principle similar, and too many options may not be desired (i.e., the data should always be available anyhow).  However, as noted by Nokia above, the current draft is not consistent. This issue should be discussed/evaluated further (Issue #1-10).

18. Changed in -v2.

Answers/comments to the questions raised by ESA above:

Page 31: In our understanding, the height above marker would be needed in geodetic positioning applications only, since the baseline is needed for the Monument Marker. However, added Issue #1‑11 to evaluate further. 

Page 32:  The “Cell Mask” (DF396) determines signal availability for each SV. The same functionality is supported in GNSS-AuxiliaryInformation IE. However, currently only for GPS and GLO. Added Issue #1-12.

Page 68: Added in -v2.

Page 70: It is mentioned in the first sentence of IE GLO-RTK-BiasInformation.
Page 81: Done in -v2.

Page 72: Similar point is raised by Nokia above. The current draft follows the logic used in LPP (so far). A e.g., grouping of assistance data could be considered.  See also Issue #1-6, and #1-3. 

Page 91: Issue #1-3; please see also comment to Nokia above.

GNSS RTK Station Coordinates: The station coordinates are provided in ECEF x-y-z coordinates; the UE provides the location in lat/long/alt. Auxiliary station coordinates (for MAC) are provided as delta lat/long/alt. To avoid unnecessary coordinate transformations, it may be better to provide all coordinates using either x-y-z or lat/long/alt. Added Issue #1-13.

Answers/comments to the questions raised by Ericsson above:

1. According to ESA comment, it seems Message Type 1033 is needed? Should be evaluated/discussed further (Issue #1-6).

2. Issue #1-7.

3. Done in -v2.

4. The Reference Station ID should be evaluated further (and the e.g., field description may need to be revised). The Reference Station ID seems required for Network RTK. Issue #1-14.

5./6. See comments 15 and 17 to Nokia above. Is there really a use case for e.g., interger-ms only (MSM1)? Issue #1-10. 

Answers/comments to the questions raised by Huawei above:

“Height Antenna Height” / RTCM 1006 message: Also raised by ESA. Issue #1-11.

MSM1-MSM7: Also raised by Nokia and Ericsson above. It should be discussed if this is really needed. Issue #1-10.
DF407: Included in Issue #1-10. 

gnss-RTK-CommonObservationInfoReq-r15 IE is absent: The GNSS-RTK-CommonObservationInfo shall always be provided together with GNSS-RTK-Observations, so no separate request should be needed.


4.
Any other comments on R2-17xxxxx_(Running LPP CR for RTK GNSS positioning)_v1.doc:

	Company
	Comments

	Nokia
	Comments on 20 NOV:

1. gnssMethods field in GNSS-PositioningInstructions IE: Use of “Methods” in field name is a bit misleading. Should we rename it as gnss-Allowed?
2. CommonIEsProvideLocationInformation: field description for locationEstimate: Last sentence “The conditions for including this field are defined for the locationInformationType field” should be changed to “The conditions for including this field are defined by the locationInformationType field”

3. General comment on formatting: The Style applied for all ASN.1 fragments in 36.355 seem to be wrong. It should be Style PL + Pattern: Clear (Gray-10%). Not PL + Pattern: Clear (Gray-10%). This messes the headings when viewed in the Navigation pane.


	ESA
	1. A link between the number of RTCM messages and the corresponding IEs in LPP is encouraged. E.g. RTCM MSM messages - for someone that is not following this WI so close as us, I would find very helpful to use the following wording: “The parameters provided in IE GNSS-RTK-Observations are used as specified in RTCM Multiple Signal Messages (MSM) in [30].”?
A similar approach is encouraged for the other RTCM messages.

	Ericsson
	A bit in the details. In the introduction of this document, part 1 is said to include support for “OSR assistance data”, while it would be more clear to state “Network RTK OSR VRS assistance data”
For part 2 is said to incluse support for “Network RTK assistance data”, while it is more correct to state Network RTK OSR FKP and MAC assistance data“

For part 3 is said to incluse support for “SSR assistance data”, while it is more correct to state Network RTK SSR RT-PPP assistance data“



	Qualcomm
	Answers/comments to the questions raised by Nokia above:

1. This should be a separate issue (not specific to RTK, etc.).

2./3. I took a note of this, and will fix this in a general clean-up CR at the end of the Release (during ASN.1 review). 

Answers/comments to the questions raised by ESA above:

Done in -v2.




4.1
Summary of Part 1 Discussion
As outlined in the comment-tables in section 4 above, the following changes are included in R2‑17xxxxx_(Running LPP CR for RTK GNSS positioning)_v2.doc (all highligthed in yellow): 

· Field description of ha-GNSS-Req is rephrased as follows: “This field, if present, indicates that any location estimate provided by the target device should be obtained using high accuracy RTK/PPP methods”

· RTCM Message Type number is added to the assistance data elements description/introduction.

· Ellipsis in referenceStationIndicator is deleted.
· IE GNSS-RTK-StationCoordinates is renamed to GNSS-RTK-ReferenceStationInfo. 
· Need code ON is added for antennaDescription in IE GNSS-RTK-ReferenceStationInfo.
· Field description of referenceStationID in IE GNSS-RTK-ReferenceStationInfo: Renamed "service provider" to "RTK service provider". (May need to be revised; Issue #1-14).
· Added "The serial number and firmware version strings are not standardized. They will correspond to the manufacturer’s naming convention" to the field description in ReceiverAndAntennaDescription in IE GNSS‑RTK_ReferenceStationInfo.
· Added "phaserange-rate (Doppler), and carrier-to-noise ratio" to the introduction of IE GNSS‑RTK‑Observations.
· gnss-RTK-CtoN-Req is renamed to gnss-RTK-CNR-Req.

· Field description of adrMSB and adrRMSerror is updated.

· Field name codePhaseExt is changed to delta-codePhase. 
The Table below provides a summary of various issues raised in section 4 above, which require additional discussion/evaluation/input:

	Issue #
	Description
	Possible Solution(s)

	1-1
	A "High Accuracy 3D Position" GAD shape (or shapes) seems needed in 3GPP TS 23.032.
The current proposal in the latest draft may need to be enhanced/replaced.

Possibility/impact of defining new GAD shapes in LPP only should be evaluated.
	RAN2 should come up with an octet string proposal, and send LS to SA2. 


	1-2
	Positioning Instructions for HA GNSS. E.g., how to request use of RTK/PPP? Additional request needed for UE-assisted (in addition to adrMeasReq)?
	· Finer granularity in the GNSS‑PositioningInstructions instead of a single ha-GNSS-Req flag.

· Finer granularitity in QoS (horizontal/vertical accuracy). 

	1-3
	UE capabilities and assistance data sub-sets for different RTK/PPP service levels.

Capability of assistance data supported by the target. 
	· Follow the existing principle of AssistanceDataSupportList.

· Group certain assistance data elements into service level: E.g., assistance data mandatory for RTK OSR, Network-RTK, PPP, etc.
· No capability for assistance data, but instead RTK, PPP, etc. capabilities.

	1-4
	Response Time of max. 128 seconds may not be enough for ambiguity reolution.
	· Add a new ResponseTime field

· Change the units to minutes of existing field when HA GNSS is requested.

	1-5
	Periodic Reporting: The UE has to send a report at the requested interval. This usually means that the first N reports are empty. However, for RTK, N may be quite large. 
	· UE could report any location result obtained before ambiguity resolution. E.g., the locationSource may be used to indicate HA GNSS or not. 

	1-6
	antennaDescription field in IE GNSS‑RTK‑ReferenceStationInfo is proposed to be optional present. Is this information always needed, or needed at all? 
	

	1-7
	Encoding of alphanumeric characters (currently proposed as VisibleString). 

Should we limit the number of characters to 31?
	· RTCM uses 8 bit characters, ISO 8859-1 (not limited to ASCII)



	1-8
	Indication of "Data Not Available": RTCM 2’s complement integer specify that the lowest negative integer indicates "Data Not Available". Is this needed for LPP?
	· Add to each field description.

· Data should not be provided if not available.

	1-9
	Definition of Pseudorange, Phaserange, Phaserangerate, etc.
	- Could be added to LPP and/or Stage 2. 

	1-10
	RTCM MSM7 is essentially a super-set of MSM1-MSM6. The differences between MSM1-MSM7 are the elements included (sub-set), and the resolution of (some) elements. 

The current draft supports MSM7 only. 

· Is there an advantage of explicitely supporting lower resolution data fields? 

· Is there a need to provide a sub-set of the MSM7 data? 
	· Explicit lower resolution data fields may require additional assistance data elements (but the data could always be provided with the higher resolution elements as well). 

· Fields in GNSS-RTK-Observations could be made OPTIONAL/conditional to mimic MSM1-MSM6 subsets. 

	1-11
	RTCM Message Type 1006 provides the height of

the ARP above a survey monument. Is this needed in LPP?
	· Add the height above survey monument to IE GNSS-RTK-ReferenceStationInfo.

	1-12
	Is there a need to extend GNSS-AuxiliaryInformation IE (e.g., for other GNSSs)? Is the “GNSS Cell Mask” correctly represented by GNSS-AuxiliaryInformation IE?
	· At least the introduction text of IE GNSS‑AuxiliaryInformation seems to require some updates to include the new Assistance Data Elements.

	1-13
	GNSS RTK Station Coordinates do not contain any uncertainty, and are expressed differently to the UE measurement report (HighAccuracy3Dposition). Also, the MAC Auxiliary Station Coordinates are expressed differently. Should this be aligned?
	· Use either x-y-z or lat-long-alt format for coordinates.

· Add an uncertainty to the station coordinates.

	1-14
	The Reference Station ID is defined as INTEGER 0‑4095. This does not seem sufficient as a global ID in a large network (or in multiple networks).
	· Extend the value range.

· Add additional fields to indicate e.g., service provider, etc. (like “mcc+mnc+ci”).

	1-15
	Sign convention of the ADR measurement (positive/negative sign) needs to be revisited/checked (adrSign field in GNSS-MeasurementList).
	

	1-16
	Epoch time in GNSS-RTK-Observations: Currently proposed to be provided in GNSS-ReferenceTime, similar to GNSS-AcquisitionAssistance. However, this may not work for the GNSS-RTK-Observations since GNSS-ReferenceTime is valid at UE location (not reference station location).
	- Add the epoch time directly to GNSS-RTK-Observations (as in the RTCM message types).


5. 
Part 2 Discussions
Discussion/review of document R2-17xxxxx_(Running LPP CR for RTK GNSS positioning)_v2.doc (attached).

Version _v2 includes the assistance data for Network RTK (MAC and FKP), which covers items 3e and 3f in section 2 above.
The assistance data to support Network RTK include:

a. MAC Network RTK messages (1014, 1017, 1030, 1039, 1031).

b. FKP Network RTK messages (1034, 1035).

These RTCM message types are translated to ASN.1 and embeded in the common/generic GNSS assistance data. The assistance data request IEs and UE capabilities are updated accordingly.

All the changes related to the above are highlighted in turquoise, which also include additions/changes to some assistance data/IEs already added in _v1. In particular, some assistance data need to be associated with a particular reference station, which requires the Reference Station ID being added (i.e., in the same way as present in the corresponding RTCM message types).
1. Companies are invited to provide comments/suggestions/additional proposed changes/questions, etc. on the proposed Network RTK assistance data:
	Company
	Comments

	Qualcomm
	1. networkID and subNetworkID: The networkID is supposed to be globally unique. Similar to the Reference Station ID (Issue #1-14), the RTCM definition does not look suitable for a globally unique identifier. RAN2 should consider defining its own set of Identifiers for Reference Stations and RTK Networks. A proper identification scheme for the Reference Stations could also allow a differentiation between physical and computed reference stations.
2. GNSS-RTK-MAC-CorrectionDifferences: Satellite data lists in all LPP IEs have the SIZE(1..64) (value range of SV-ID). This should also be changed in the Geometric-Ionospheric-Corrections-Differences (currently 1..32), 
3. The same as 2. above for GNSS-RTK-Residuals and GNSS-RTK-FKP-Gradients.
4. GNSS-RTK-AuxiliaryStationData and GNSS-RTK-MAC-CorrectionDifferences: The OPTIONAL for the subNetworkID should be removed. For the current version of the RTCM standard, only one Master Reference Station with its associated Auxiliary Stations should be used. The result of this restriction is that Subnetwork ID’s may not be needed. Future versions are expected to support Subnetwork ID’s (according to description for DF072). However, for LPP, this restriction does not need to apply, and from the description in Annex A of the RTCM standard, the subnetwork ID appears to be essential.

	ESA
	Page 33. Text Updates Proposals and Questions

1. subNetworkID field description 

…If one network has only one subnetwork, this indicates that an homogenous integer ambiguity level …
2. Shouldn´t we decide how to interpret subNetworkID = 0? Should we set it always to 0 as recommended for now by RTCM or to “raw data streams with no homogenous ambiguity - level” as this is what RTCM expects for the future?

3. aux-master-delta-latitude, aux-master-delta-longitude, aux-master-delta-height – the field description should include a link to reference surface and the reference system ( GRS80 ellipsoid and WGS84, respectively).
Page 73. Text Updates proposals

4. 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).
Page 75 : FKP – IE
GNSS-RTK-FKP-Gradients
5. The IE GNSS-RTK-FKP-Gradients is used by the location server to provide the FKP Network RTK gradients of distance – dependent errors like ionosphere, troposphere and orbits. The target device ...


	u-blox AG
	1. A question for clarification: Is it the intention that signal generation from the reference stations should be in compliance with [30]? If this is the case we think that this should be made explicit. If not it will be necessary to provide supplementary information about how reference receivers should generate corrections, and how the target receiver should interpret them. A specific example of relevance to us as a receiver developer is the relationship between clocks for different signals. RTCM [30] stipulates that phase measurements of different signals in the same band must be phase aligned – being able to rely on this alters the way we do carrier phase processing of these signals. There are other similar examples in which [30] defines how the corrections signals must be generated and interpreted.

2. The use of signals other than for GPS and GLONASS with the MAC and FKP methods is marked as FFS. It is our understanding that no work on this topic is currently under way, nor planned within RTCM. Is the intention that 3GPP will undertake this further study? If not would it not be better to reflect the status as “not supported” rather than FFS?

3. We would like to clarify the intention in supporting both FKP and MAC. Would a network choose to broadcast one or the other depending on the operator choice (possibly constrained by available reference receiver networks)? Or would networks supporting HA broadcast corrections according to both methods? There is a significant overhead in implementing both methods in every UE (or alternatively broadcasting corrections for both methods) hence the question for clarification. Our preference would be that 3GPP adopts one method rather than both – although we appreciate that a decision has already been made to incorporate both MAC and FKP in addition to VRS.

4. A quick analysis indicates that the bandwidth required for the MAC and FKP methods is significant (some estimates included in already submitted tdocs). Now that there is a proposed ASN.1 mapping we would like to see estimates of the broadcast channel capacity required for the methods to ensure that they are within the supported NB capacities and acceptable before the CR can be finalized.

	Ericsson
	In general, very good match with RTCM. Comments:

1. The networkID is “unique in the region serviced”. In practice, this does not need to remain the same clustering over time, and the ID can be UE specific so 0-255 should be enough. See same discussion with the Reference Station ID discussion

2. The subnetworkID can be OPTIONAL, and the UE can act as it is 0 when omitted.

3. Missing “r15” suffix for GNSS-RTK-AuxiliaryStationData
On the u-Blox comments
· Ericsson believes that there should be signal generation compliance to RTCM 104 3.3, with the phase alignment as one example.

· We agree that MAC/FKP brings signalling overhead and device complexity, but as you say, it has been agreed. To my knowledge, it is VRS that is in use today, at least in Sweden.

· What is meant by NB capacities? SIB sized of NB-IoT? That can be handled with segmentation in case the SIB size is insufficient.  

	Nokia
	GNSS-RTK-AuxiliaryStationData IE:
1. Should we explicitly mention in the IE description that scheduling guidelines as defined in 3.1.7 in RTCM standards should be followed?
2. -r15 suffix is missing in the type definition for GNSS-RTK-AuxiliaryStationData

3. Hyphen missing in two instances of references to GNSS RTK ReferenceStationInfo (one in IE description for GNSS-RTK-AuxiliaryStationData and another in IE description of GNSS-RTK-MAC-CorrectionDifferences)

4. Do we need master-referenceStationID-r15 in GNSS-RTK-AuxiliaryStationData IE if GNSS-RTK-ReferenceStationInfo is the master reference station?

5. RTCM says Number of Auxiliary Stations Transmitted (DF058) range is 0 to 31 and the description says it is in conjunction with the designated master reference station. Does this mean 0 is the master and 1 through 31 is the auxiliary stations? How do you interpret DF058? Is it a count value representing the total count of auxiliary stations or a sort of an assigned number for each reference station with 0 meaning only the master is present?

6. Some of the int fields in RTCM standard have a special meaning of “no data is available”. Shouldn't we describe this special value in the field description e.g. -524288 means no data is available

7. The field description of networkID is given as: “This field defines the network and the source of the particular set of reference stations and their observation information belongs to.”. It makes sense to drop the last two words highlighted in yellow

8. Field description of subNetworkID references integer ambiguity level. Need a definition of integer ambiguity and integer ambiguity leveling. There are some texts in RTCM describing this and should be copied over to this spec

9. aux-master-delta-longitude, aux-master-delta-latitude: RTCM says these are based on GRS80 ellipsoid. We should clarify that these are ECEF coordinates.

 
GNSS-RTK-MAC-CorrectionDifferences IE:
10. IE description mentions the following: “for up to 32 pairs of Auxiliary and Master Reference Stations.”. Ambiguous. Should say 32 pairs of Aux reference stations and one  master reference station.
11. Field rtkCorrectionDifferencesList-r15 in GNSS-RTK-MAC-CorrectionDifferences need a tab after it

12. auxiliary-referenceStationID-r15 in RTK-CorrectionDifferencesElement-r15 IE: How does this relate to the Aux RS ID in the GNSS-RTK-AuxiliaryStationData in the GNSS-CommonAssistData? Any optimization of signalling possible here? At least, should consider if a common IE can be defined and referenced in different places where needed

13. networkID: Used in more than one place. So, can be made an IE and referenced in multiple places. If not, add more description as done for network ID in the aux station info IE.

14. subNetworkID: consider a common IE

15. rtkCorrectionDifferencesList field description: mentions Auxiliary-Master Reference Station pairs. This term is confusing. Should we say “Master reference station and associated Auxiliary reference stations”

16. Recheck all instances of reference station ID for master and auxiliary station and see if common IE can be defined or if they should not appear in multiple locations in the same message.

 
GNSS-RTK-MAC-CorrectionDifferencesReq:
17. AUX-ReferenceStationList-r15OPTIONAL: need a tab in between type and OPTIONAL
 
GNSS-RTK-ResidualsReq:
18. Rename stationID to referenceStationID (in other places too)


	u-blox AG (2)
	A couple of comments on the Nokia contribution below:
1. “aux-master-delta-longitude, aux-master-delta-latitude: RTCM says these are based on GRS80 ellipsoid. We should clarify that these are ECEF coordinates”
These are differences in latitude and longitude – see DF062 and DF063 – based on GRS80 and are not ECEF (earth centred earth fixed) XYZ values.
2. Should say 32 pairs of Aux reference stations and one  master reference station”
We do not think this is a better description because each pair comprises one auxiliary reference station and the master reference station. Your text implies that two auxiliary stations could make a pair. We think that the original text read in context with [30] is clear.

	Qualcomm
	Answers/comments to the questions raised by ESA above:
1.
subNetworkID field description: Similar comments raised by several companies. Added Issue#2‑1 to track/discuss further. In my view, a reference to RTCM spec should be sufficient. We could also consider a more detailed Stage 2 description. 
2. aux-master-delta-latitude, aux-master-delta-longitude, aux-master-delta-height: 
Done in -v3.

3. geometricCarrierPhaseCorrectionDifference:
Done in -v3

4. GNSS-RTK-FKP-Gradients: 

Done in -v3.

Answers/comments to the questions raised by u-Blox above:

1. Since we reference for all IEs the RTCM specification, this should be clear in my view. However, if any explicit statement is considered useful/helpful, this could be added (maybe also a Stage 2 issue). Added Issue #2-2. 
2. Whether to remove the FFS or not will depend on further input contributions on this issue. We believe that MAC or FKP is better suited for broadcast than VRS, and 3GPP should consider making the IEs applicable to other GNSSs/signals.

3. All assistance data are optional, and usually depends on customer/deployment requirements (e.g., network operators). I would not expect that a NW broadcasts e.g., both MAC and FKP.
4. I think it will never be possible to broadcast all defined assistance data elements via SIBs; deployments have to select a desired sub-set based on e.g., application/use case etc. (and may also consider a sensible split between broadcast and point-to-point data).
Answers/comments to the questions raised by Ericsson above:

1. networkID: Added Issue #2-3 to track/discuss further. E.g., if the UE can receive data from multiple networks (roaming), there may be ambiguity?
2. subNetworkID: Added issue #2-1.

3. Missing “r15” suffix for GNSS-RTK-AuxiliaryStationData:

Done in -v3.

Answers/comments to the questions raised by Nokia above:

1. Similar to e.g., u-Blox comment above. I think the reference to RTCM spec should be sufficient. Any network deployment options (e.g., scheduling) are usually not defined in a protocol specification (unless needed for the feature to work). We may also consider a Stage 2 description (Issue #2-4).
2. Done in -v3.

3. Done in -v3.

4. To avoid ambiguity, this seems needed. E.g., master and aux stations may not always be provided in the same Provide Assistance Data message. Also, a (desired) master reference station may change (moving UE).

5. There should be one master, and up to 32 aux stations for this master. Whether to start counting at 0 or at 1 appears to be a matter of convention. 

6. This seems to apply to all signed integers in RTCM (see Issue#1-8). If this should really be needed in LPP, maybe a global statement could be added.

7. Done in -v3.

8. Added Issue#2-1. In my view, this is more a Stage 2 issue rather than a protocol issue. 

9. Updated in -v3.
10. Kept the text for now (copied from RTCM spec); see also u-Blox(2) comment above. 

11. I actually cannot see the missing tab in my copy.

12-16. Added common IEs. 

17. I actually cannot see the missing tab in my copy.
18. Added a common IE.


2. Any other comments on R2-17xxxxx_(Running LPP CR for RTK GNSS positioning)_v2.doc (e.g., changes made after Part 1 discussions (highlighted in yellow), etc.):
	Company
	Comments

	ESA
	Issue 1-2: Positioning Instructions for HA GNSS. E.g., how to request use of RTK/PPP? Additional request needed for UE-assisted (in addition to adrMeasReq)?
Use case 1: UE-assisted – strictly speaking about the request from E-SMLC for raw measurements, we do not see any difference between RTK and PPP: carrier phase measurements are requested through adrMeasReq. Additionally, CNR (to help E-SMLC remove bad satellites, and thus erroneous observations) requests should be supported too (maybe Doppler as well?). 

Use case 2: UE-based - If E-SMLC indicates that the location of the UE should be obtained using high accuracy method, then, finer granularity in the GNSS-PositioningInstructions is needed to distinguish between RTK and PPP as two different high accuracy GNSS techniques. In our understanding, the current shape of ha-GNSS-Req keeps transparent to E-SMLC which GNSS method has been used to compute the reported position by an UE. Furthermore, for performance analysis/testing seems useful to be able to distinguish between the high accuracy methods. 

Finer granularity in GNSS-PositioningInstructions seems good idea (ha-GNSS-Req to be replaced by ha-RTK-Req and ha-PPP-Req). Additionally, is there a need to add one more granularity for RTK request in order to distinguish between MAC, FKP, VRS?
Issue 1-6: antennaDescription field in IE GNSS‑RTK‑ReferenceStationInfo is proposed to be optional present. Is this information always needed, or needed at all?
Link between ReceiverAndAntennaDescription-r15 IE (= RTCM 1033 message) and antenna phase center corrections.

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).  Antennas designed for precise RTK operation account for so-called antenna phase center offsets and variations in the centimeter-range. These offsets and variations can be corrected within precise RTK equipment using calibration information available from several sources (e.g. IGS, and NGS).  

The field Antenna Descriptor DF030 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. 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. 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.  

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 (PCO, PCV). 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. 

2.
antennaDescriptor = The official name 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 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). 

Our recommendation for ReceiverAndAntennaDescription-r15 IE is to keep antennaSetupID (when equal to 0 it indicates that the values of a standard antenna model type should be used) Finally, ReceiverAndAntennaDescription –r15 to become AntennaDescription-r15.
Issue 1-10: MSM 7 sub-set
We provide additional inputs for this discussion: 

•
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 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. To be pragmatic, compared 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). 

RTCM 3.3 (page 209-211) reports the following message size for 16 satellite and 4 signals:

MSM3 3081 bits vs MSM4  3593 bits vs MSM7 5929 bits

Our recommendation is to support provision of sub-sets of MSM7 because (1) using MSM3/MSM4 is sufficient for RTK/N-RTK and (2) the bandwidth can be reduced. Clearly MSM7 is the more complete (suitable for raw data collection) but also more bandwidth – demanding.
Issue 1-11: Antenna Height

QCOM´s view on antenna height is correct: 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. If this parameter is not foreseen to be useful at any time in the future, it can be skipped. Since message 1006 (XYZARP + antenna height) was proposed instead of message 1005 (XYZARP) we assumed that antenna height field was intended to be used. 
Issue 1-12: Is there a need to extend GNSS-AuxiliaryInformation IE (e.g., for other GNSSs)? Is the “GNSS Cell Mask” correctly represented by GNSS-AuxiliaryInformation IE?
We recommend to extend this part to include GAL, BDS, QZSS and SBAS, if possible. If left as is, will there be any negative consequence on a workflow that will include, for example, RTKObservations for SV belonging to GAL or BDS?

Issue 1-13: Reference Station coordinates

The coordinates of the reference station would arrive at E-SMLC in an RTCM message and, in our interpretation, there is no uncertainty data field associated to these coordinates. First, it is not clear to us how to assign values to this potential new filed and second, what would be the benefit to report uncertainty to the station coordinates as these are estimated with mm – cm level confidence anyhow.

	u-blox AG
	The table “N to component value relation” on P13: the row for 2 should have a value 0.012

Issue 1-2: Positioning Instructions for HA GNSS. E.g., how to request use of RTK/PPP? Additional request needed for UE-assisted (in addition to adrMeasReq)?
For UE-based positioning we feel that a simple request to use high accuracy positioning is sufficient. We do not see any benefit is asking the UE to use a particular method (VRS, MAC, FKP, PPP etc). The UE will use the best or most appropriate available method that is supported. In practice it will probably “graduate” from standard precision to high accuracy as carrier lock is achieved and carrier phase ambiguities are resolved. It may also fall back to standard positioning when carrier phase tracking is lost. The UE probably won’t support all methods so requesting a particular method does not make sense.
Issue 1-3: UE capabilities and assistance data sub-sets for different RTK/PPP service levels.

Capability of assistance data supported by the target.
We are not entirely clear on what this issue is. Assuming that different UE support different correction methods – we feel that it may be too much overhead for all UE to support all methods – there may be a situation in which within a broadcast cell some UE support MAC, some FKP and some PPP; does this mean that the SMLC should assess the UE capabilities and broadcast all methods needed by all UE requiring High Accuracy correction services?

Issue 1-5: Periodic Reporting: The UE has to send a report at the requested interval. This usually means that the first N reports are empty. However, for RTK, N may be quite large.
In the case that a UE is requested to report a high accuracy position we feel that it would be preferable to report a standard position in the event that a high accuracy fix is not (yet) possible (may not be able to resolve carrier phase ambiguities sufficiently), rather than reporting no fix at all.

Issue 1-6: antennaDescription field in IE GNSS‑RTK‑ReferenceStationInfo is proposed to be optional present. Is this information always needed, or needed at all?

We agree with the comments of ESA above.

Issue 1-10: RTCM MSM7 is essentially a super-set of MSM1-MSM6. The differences between MSM1-MSM7 are the elements included (sub-set), and the resolution of (some) elements. 

The current draft supports MSM7 only. 

· Is there an advantage of explicitely supporting lower resolution data fields? 

Is there a need to provide a sub-set of the MSM7 data?
Support for lower resolution subsets may be necessary after considering the channel capacity needed to broadcast the proposed corrections. In the event that channel capacity is insufficient to broadcast the full MSM7 corrections we would prefer to see a subset version broadcast rather than nothing. An analysis of the broadcast channel capacity for the different correction methods is needed before a decision can be made.

Issue 1-13: GNSS RTK Station Coordinates do not contain any uncertainty, and are expressed differently to the UE measurement report (HighAccuracy3Dposition). Also, the MAC Auxiliary Station Coordinates are expressed differently. Should this be aligned?

We do not see a need for a reference station uncertainty. There is only uncertainty in the measurements (corrections) supplied by the reference station and not its position which is taken as absolute.

It makes no practical difference whether coordinates are expressed as either ECEF (earth centred earth fixed) or WGS84. We would prefer the same ellipsoid model to be used in all cases. It would seem sensible to retain the field definitions used by RTCM [30] to avoid the need for conversions in the SMLC, and possibly conversion back in the UE. It will also be better for the UE when using a different corrections service (NTRIP client, or other correction source) if the data formats are kept the same.



	Ericsson
	Issue 1-1:

Our view is that protocols is not the main focus of SA2, and to update 23.032 is not an easy way forward since it is controlled by SA2.

Our preference is to not touch 23.032 and instead add additional optional location estimate IE on SLs and SLg (29.171 & 29.172). This avoid interop problems with entities northbound of E-SMLC (MME, GMLC, PSAP ….) There are a lot legacy protocols up there that use the shapes (or subset) of 23.032 but cannot be extended.  The E-SMLC can then map any highaccuracy3D into one of the legacy format and add high accuracy if it so wishes.
Therefore, it is better to define the needed updates for position/velocity/(acceleration in case IMUs need it) and corresponding uncertainty in LPP directly.

Furthermore:

3. Some fields in the HighAccuracy3Dposition could be described slightly more detailed. For example, cep, could be better tied to the confidenceHorizontal field, and in the same way, uncertainty-altitude could be better tied to the confidenceVertical. Proposed changed text (similar for uncertainty-altitude):

This field specifies the horizontal uncertainty in terms of the Circular Error Probability (CEP) at the percentile provided by the confiidenceHorizontal field. The horizontal uncertainty at this percentile is expressed as the coded number N.    
4. Since not all devices are expected to provide altitude information, the altitude field shall be OPTIONAL. 

Issue 1-6:

All these descriptive fields need to be properly defined in 3GPP or somewhere else that can be referred to. Only vendor strings without explicit meaning prevents interoperability and tests. Until explicit definitions are agreed upon, we think it is best for the time being to leave it as FFS and not add them.

Issue 1-7:

VisibleString has already been used in LPP for EPDUs so it should be fine again.

Issue 1-8:

Seems like a good convention, or make the field conditionally present, and let lack of presence be interpreted as Not available

Issue 1-10:

It makes sense to allow different MSMs to be realized. For example, the RTCM 104 3.3 spec explicitly states: “MSM2 contains only Phaserange observables, which allows for more flexibility when working with low-bandwidth data links and/or

high-rate transmissions. For example, the reference station can send MSM2 with a rate as high as possible, while from time to time

inserting MSM3 or MSM4 messages to provide additionally pseudorange and carrier-to-noise ratio (CNR) data, which are usually not

needed at a high rate.”

Therefore, we believe that we shall support some flexibility to realize different MSMs and not only MSM7. Given the little difference between normal and fine resolution, we think it is enough to support the fine resolution, which means that MSM 4 and 5 would not be needed, but the rest are needed. 

How about representing MSM7 as Qualcomm suggests and then add a new field ‘message type’ that can take values MSM1, MSM2, MSM3, MSM6, or MSM7?

Issue 1-11:

Yes, it should be added, but can be conditional present, and when not present assumed to be zero.

Issue 1-14:

We do not see the need for a globally unique ID here. It is enough with a UE-specific unique ID, and the one in RTCM should be just fine. Furthermore, there is not guarantee that this ID will be associated with the same grid point over time. For example, the VRS grid can be altered. Therefore 0-4095 is fine.
Issue 1-15:

It is good to use the same definition as in the Android API. However, we do not agree with the formulation. A positive sign itself does not mean that the satellite is moving away from the UE. Two consecutive positive measurements where the first is greater than the second means that the satellite is moving towards the UE example.

However, maybe we have a different view of how adr is determined in the UE. In case, the UE continues to accumulate the doppler after the carrier phase has been reported, then adr will continue to be related to the ambiguity resolution of the first measurement, and in that case, it is the sign of the difference between two consecutive adr measurements that indicates whether the satellite is moving away (positive difference) or towards (negative difference) the device.

Instead, if the accumulation of doppler is reset each time it has been reported, then we agree with what has been said about a positive or negative adr. We agree that this would be a more compact and better signalling, but this is not how we have understood that the adr is being computed.

Can be good to make sure that everyone has an aligned view of how adr is computed in the device and what the measurement represents.




5.1
Summary of Part 2 Discussion
As outlined in the comment-tables in section 5 above, the following changes are included in R2‑17xxxxx_(Running LPP CR for RTK GNSS positioning)_v3.doc (all highligthed in pink): 

· Satellite data lists for GNSS-RTK-MAC-CorrectionDifferences, GNSS-RTK-Residuals and GNSS-RTK-FKP-Gradients are changed from SIZE(1..32) to SIZE(1..64).
· aux-master-delta-latitude, aux-master-delta-longitude, aux-master-delta-height: Added field description on applicable coordinate system/datum. 
· geometricCarrierPhaseCorrectionDifference field description: Clarified the "geometric part" (troposphere and orbits).
· GNSS-RTK-FKP-Gradients introduction text: Clarified the gradient description. 
· Added missing -r15 suffix in IE GNSS-RTK-AuxiliaryStationData.
· Missing hyphen added in GNSS RTK ReferenceStationInfo.
· Common IEs defined in section 6.5.2.12 for networkID, referenceStationID, subNetworkID. 
· In the table "N to component value relation" for IE HighAccuracy3Dposition, the value for N=2 is corrected.
The Table below provides a summary of various issues raised in section 5 above, which require additional discussion/evaluation/input:

	Issue #
	Description
	Possible Solution(s)

	2-1
	subNetworkID: 
- Interpretation of value 0 needed in LPP field description?

- Optional or Mandatory present?

- Conditional present, with absence meaning 0?

- Description of integer ambiguity leveling needed (e.g., in LPP and/or Stage 2)?
	

	2-2
	Signal generation from the reference stations should be in compliance to RTCM spec. Is there a need for any explicit statement in LPP, or is the reference to RTCM spec sufficient? Should this be added to Stage 2 description?
	

	2-3
	networkID:
Is the RTCM definition sufficient? Should the ID be globally unique, or UE specific?
	

	2-4
	General:
An update to Stage 2 is needed. This may also address some comments/issues raised in this email discussion report (e.g., grouping of assistance data IEs for a particular RTK service, broadcast scheduling recommendation, reference station signal generation, etc.).
	


6. 
Part 3 Discussions
Discussion/review of document R2-18xxxxx_(Running LPP CR for RTK GNSS positioning)_v3.doc (attached).

Version _v3 includes the assistance data for RT-PPP (SSR), which covers item 12 in section 2 above.
The assistance data to support RT-PPP/SSR include:

a. GPS SSR (1057 – 1059).
b. GLONASS SSR (1063 – 1065).
c. Galileo SSR (1240 – 1242).
d. SBAS SSR (1246 – 1248).
e. QZSS SSR (1252 – 1254).
f. BeiDou SSR (1258 – 1260).
These RTCM message types are translated to ASN.1 and embeded in the common/generic GNSS assistance data. The assistance data request IEs and UE capabilities are updated accordingly.

All the changes related to the above are highlighted in green. 

1. Companies are invited to provide comments/suggestions/additional proposed changes/questions, etc. on the proposed SSR assistance data:
	Company
	Comments

	ESA
	1. Value of signal-and-tracking-mode-ID to GNSS relation table (page 80)
We have the following recommendations:

· BDS, QZSS and SBAS signals should be addedd. There are several ways of doing this but we would propose to make use of the values wrriten already in GNSS-SignalID IE for these systems.
· GPS – add the fourth civilian signal that will be supported by the next generation of GPS satellites => GPS L1 L1C(D), GPS L1 L1C(P), GPS L1C(D+P). Note, this is already supported in GNSS-SignalID IE
· Galileo – add the signals present in GNSS-SignalID IE to signal-and-tracking-mode-ID: E1 B+C, E1 A+B+C, E5a I+Q, E5b I+Q, E5 I+Q, E6 B+C, E6 A+B+C

One additional comment, the GNSS-SignalID IE needs revision: for instance what is called GPS L2C when GPS GNSS-SignalID= 2 is actually the GPS L2 C/A (assigned to GPS GNSS-signalID = 6), so the bit map will use two different bits for same signal. Same comment for GPS L1C, GPS L5, QZSS L1C, QZSS L2C, QZSS L5, and Galileo signals.  We also noticed that in some cases  (SBAS, QZSS, GLONASS) the already existing signals names have been edited rather than having new ones added as part of the extension of the GNSS-SignalID. Would it be possible to revise this IE and make it more consistent?
2. BDS toe Modulo should be added when GNSS-ID is BDS
From RTCM paper on Phase I SSR:
BDS toe Modulo 

0 – 8184 

8 seconds 

bit(10) 

BDS ephemeris reference time toe modulo 8192 



	Qualcomm
	1. The ssr-ProviderID and ssr-SolutionID fields are used in all SSR assistance data elements. A common IE could be defined for these IEs.
2. ssr-ProviderID: The Provider ID shall be globally unique. According to RTCM spec, the SSR Provider ID is provided by RTCM on request to identify a SSR service. Providers should contact “rtcm.org”. If these IDs are needed in LPP, RAN2 should consider defining its own IDs without dependency on RTCM (e.g., silmilar to EPDU-ID). 

	Nokia
	1.
GNSS-SSR-OrbitCorrections IE: Only message type 1057 is mentioned. The GNSS-SSR-OrbitCorrections IE should also apply for 1063. Please list that also. For other GNSS like Galileo, SBAS, QZSS and Beidou unfortunately I cannot check as I don’t have those message types in my RTCM standards copy.

2.
GNSS-SSR-ClockCorrections IE: List message type 1064 also.

3.
GNSS-SSR-CodeBias IE: List message type 1065 also.

4.
Question for clarification: Do you expect the satelliteReferenceDatum to be extended in the future to indicate something other than IRTF and regional?

5.
ssr-ProviderID: I expect this to be still a RTCM managed ID? Add a sentence to the field description saying it is managed by RTCM standards body.

6.
Fields: epochTime, ssrUpdateInterval, iod-ssr, ssr-ProviderID, ssr-SolutionID, all seem to be repeated in multiple IEs. Should we define it as a separate IE (either each of the field or these fields together as a set)?

7.
GNSS-SSR-CodeBias: List message type 1064 also.

8.
GNSS-SSR-OrbitCorrectionsReq: Not sure why the stored IOD of the broadcast ephemeris need to be provided to server when requesting orbit corrections (similar comment on clock corrections too). Can the request for orbit and clock corrections result in server providing the latest orbit and clock corrections? Is the intended server behavior to check the IOD and provide orbit and clock corrections only if the IOD is out of date?

	Ericsson
	ASN.1 corrections:

1) Missing comma: ssr-CodeBiasSignalList-r15


SSR-CodeBiasSignalList-r15
2) Missing closing bracket : Geometric-Ionospheric-Corrections-Differences-r15 ::= SEQUENCE (SIZE(1..64)
3) Spelling mistake for clock: GNSS-SSR-CockCorrections-r15
Other:
4) What purpose are the ssr-ProviderID and ssr-SolutionID serving? If needed, then we agree with QC that they should be defined in the same way as EPDU-IDs and listed in the spec. However, their presence need to be motivated. Can we make them optional? Can the UE do without? Can this be a way to introduce proprietary interpretations of IEs tied to certain SSR providers? Similarly, the UE is unaware of the BS vendor when communicating, and what handover algorithm is used etc.


	Qualcomm
	Answers/comments to the questions raised by ESA above:

1. signal-and-tracking-mode-ID:

My preference would be to use the existing GNSS-SignalID instead of the signal-and-tracking-mode-ID field. But since RTCM defined a new DF for this, I was not sure if there is a specific reason behind. We should discuss and agree on the best way forward. Added issue #3.1.

GNSS-SignalID:

I proposed to modify only the existing obvious signals (e.g., L1/G1) since I assume it is clear that these signals are meant. However, for the others (e.g., L1C, L2C, etc.) it is not so clear what is actually meant by the existing definition. We can try to clarify and/or modify the existing signals, but it may (strictly speaking) not backwards compatible. Added issue #3.2 to discuss further.

2. BDS toe Modulo:

We would need a justification for this additional field, since it appears not in the RTCM spec? Added issue #3.3.

Answers/comments to the questions raised by Nokia above:
1./3.  Added in _v4 (but there should be no difference in use of the IEs (e.g., 1057 vs. 1063)).

4. I do not know, but the ‘regional’ entry definition does not look very precise to me. E.g., there may be different regional versions. It is not much overhead, and I suggest to keep the ellipsis to be on the safe side. 

5. I think there is the general question whether this is needed at all in LPP. If indeed needed, my preference would be to have this under RAN2 responsibility/control. Added Issue #3.4.

6. We should wait for the resolution of Issue #3.4, and then decide if a common IE makes sense. In order not to forget, added Issue #3.5. 
7. done in _v4.

8. It would be similar to the GNSS-NavigationModelReq. E.g., if the UE has old ephemeris and the server has corrections only for the new ephemeris, the server may decide not to provide the requested AD (since useless), or may decide to provide the requested corrections together with new ephemeris, etc.

Answers/comments to the questions raised by Ericsson above:
1./3. Done in _v4.

4. I do not know. Maybe (as a minimum) we can make it optional present? Issue #3.4.


2. Any other comments on R2-18xxxxx_(Running LPP CR for RTK GNSS positioning)_v3.doc (e.g., changes made after Part 2 discussions (highlighted in pink), etc.):
	Company
	Comments

	Ericsson
	Issue 1.1 still needs to be addressed, for example, we think the following comments on the first version should be addressed:

Furthermore:

1. Some fields in the HighAccuracy3Dposition could be described slightly more detailed. For example, cep, could be better tied to the confidenceHorizontal field, and in the same way, uncertainty-altitude could be better tied to the confidenceVertical. Proposed changed text (similar for uncertainty-altitude):

This field specifies the horizontal uncertainty in terms of the Circular Error Probability (CEP) at the percentile provided by the confiidenceHorizontal field. The horizontal uncertainty at this percentile is expressed as the coded number N.    
2. Since not all devices are expected to provide altitude information, the altitude field shall be OPTIONAL. 

Issue 1-6 also needs to be addressed:

All these descriptive fields of type VisualString but some more need to be properly defined in 3GPP or somewhere else that can be referred to. Only vendor strings without explicit meaning prevents interoperability and tests. Until explicit definitions are agreed upon, we think it is best for the time being to leave it as FFS and not add them. This concerns for example antennaDescriptor-r15, antennaSetUpID-r15, antennaSerialNumber-r15, receiverTypeDescriptor-r15, receiverFirmwareVersion-r1, receiverSerialNumber-r15

Issue 1-10 needs to be addressed:

Possibility to encode also other MSMs than MSM 7.

Issue 2.1

Can be good with a text as proposed in Stage 2. 

Conditional presence with a default of 0 would be good

Issue 2.2

We agree with u-Blox that the RTCM definitions of signal generation et al would be enough, especially if they are general interpreted as u-Blox states so that the receivers can make signal generation assumptions, otherwise there could be some clarifying text.

Issue 2.3

We believe that the current RTCM definition is fine, there is no need for global IDs

Issue 2.4

A more general stage 2 update would be relevant.

One ASN.1 syntax correction:

Missing comma  s-oh-r15


INTEGER (0..63)


	Qualcomm
	Answers/comments to the questions raised by Ericsson above:
All issues still need to be addressed. On Issue #1.1 for example, before clarifying the definion, it should be decided first whether the new GAD shape is introduced in LPP or 23.032.

My suggestion would be that interested companies prepare contributions/TPs for the upcoming meetings with a proposed solution to be included in _v5 of the draft CR.
However, are the Issue-Tables complete, or did I miss any issue being raised?


6.1
Summary of Part 3 Discussion

As outlined in the comment-tables in section 6 above, the following changes are included in R2‑17xxxxx_(Running LPP CR for RTK GNSS positioning)_v4.doc (all highligthed in gray): 

· Added MTs 1063, 1064, and 1065 to the introduction text of the SSR assistance data elements.
· Added missing comma in ASN.1 of SSR-CodeBiasSatElement-r15.
· Added missing closing bracket in ASN.1 of Geometric-Ionospheric-Corrections-Differences-r15.

· Spelling of GNSS-SSR-ClockCorrections-r15 corrected.

· Added missing comma in ASN.1 field s-oh-r15 (RTK-Residuals-Element-r15).

The Table below provides a summary of various issues raised in section 6 above, which require additional discussion/evaluation/input:
	Issue #
	Description
	Possible Solution(s)

	3-1
	signal-and-tracking-mode-ID:
- can this be replaced by GNSS-SignalID?

- which signals are missing in signal-and-tracking-mode-ID and/or GNSS-SignalID?
- can the signals in GNSS-SignalID be used for the FFS in signal-and-tracking-mode-ID?
	

	3-2
	(Existing) GNSS-SignalID:
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? 
	

	3-3
	Is the “BDS toe Modulo” needed when GNSS-ID is BDS?
	BDS toe Modulo:

0 – 8184 
(8 seconds resolution)
BDS ephemeris reference time toe modulo 8192

	3-4
	ssr-ProviderID/ssr-SolutionID:
- What is the purpose of this ID?

- Do we need this in LPP?

- If needed, should the ID be managed by RTCM or RAN2?
	

	3-5
	Common IEs:

epochTime, ssrUpdateInterval, iod-ssr, ssr-ProviderID, ssr-SolutionID, all seem to be repeated in multiple IEs. Should we define it as a separate IE (either each of the field or these fields together as a set)?
	


7. 
Part 4 Discussions
Discussion/review of document R2-18xxxxx_(Running LPP CR for RTK GNSS positioning)_v4.doc (attached).

Version _v4 proposes a periodic assistance data delivery procedure, which covers item 15 in section 2 above.
It is proposed to use the basic procedure in LPPe [4] as a starting point. This procedure consists of two transactions: (1) a control transaction to specify the assistance data and periodicity, and (2) the actual assistance data delivery transaction. This procedure, together with corresponding ASN.1 changes are added to _v4 of the draft CR, highlighted in blue.
Companies are invited to provide feedback on whether the LPPe procedure is generally acceptable as a starting point, and any comments/improvements etc. on the proposed LPP adaption in _v4.

	Company
	Comments

	u-blox AG
	Why does GNSS-SSR-CodeBiasReq only include signal identities and not SV identities as for clock and orbit correction requests?
When a receiver requests corrections it may not support the same corrections the server does, or the server may not support the corrections requested by the receiver. Sometimes a correction for a “similar” signal would be an acceptable alternative to the receiver. What is the envisaged mechanism whereby the receiver and server agree which corrections should be requested, or delivered?

	Nokia
	We think the periodic assistance data delivery procedure, for periodic delivery of HA GNSS assistance data, need to be discussed using a separate discusson paper in the next meeting. An initial scan of the ASN.1 changes raises questions about use of such a procedure to periodically send data over control plane path and it’s usefulness relative to broadcast assistance data delivery. The use case, pros and cons, comparison to broadcast assistance data delivery, modeling of a periodic session involving multiple transactions vs just using a transaction based processing, whether the control parameters always need to be under network control etc all needs further discussion. The ASN.1 work done for this is still good to save and start from this ASN.1 version as baseline based on agreements in next RAN2 meeting.

	Ericsson
	We believe there indeed is a need for periodic assistance data both via LPP and RRC/SIB, and that the LPPe procedure is relevant and applicable. The reason is that whether unicast or broadcast is most resource efficient depend on the number of target devices in a cell or an area. 

	Qualcomm
	Answers/comments to the questions raised by u-Blox above:

GNSS-SSR-CodeBiasReq: I missed this. Added to _v5. Also, the StoredNavListInfo-r15 was defined twice (in GNSS-SSR-OrbitCorrectionsReq and GNSS-SSR-ClockCorrectionsReq. One has been removed. 
The Assistance Data Request in general is a “desired request”, and it is up to the location server if and how to grant the request. Usually, the server provides the assistance data based on the request and UE capabilities. A server may also provide some error reason in addition, e.g., undeliveredAssistanceDataIsNotSupportedByServer, etc. In general, a UE does not know the server capabilities (only the other way around).
Answers/comments to the questions raised by Nokia and Ericsson above:
The need for a periodic procedure should in principle be clear from the WI objective:
"GNSS positioning enhancements:
· Specify the signalling and procedure to support RTK GNSS positioning over LPP and LPPa, taking into account both UE and network complexity. [RAN2, RAN3, RAN1]"
RTK over LPP cannot be supported without a periodic assistance data delivery. Also, LPP is not only used in control plane (also in SUPL). On the LPPa objective, I understand this was covered by the agreement that how the server obtains the assistance data will not be specified in 3GPP.

According to the WID, broadcast is a separate/standalone objective. But I certainly agree, broadcast is the desired approach for any assistance data delivery.  

Since the (optional) LPPe procedure was already developed specifically for RTK, this should be a good starting point. Added Issue #4-1. 


Any other comments on R2-18xxxxx_(Running LPP CR for RTK GNSS positioning)_v4.doc (e.g., changes made after Part 3 discussions, etc.):
	Company
	Comments

	u-blox AG
	Is there a reason why SSR-CodeBiasSignalElement-r15 : signal-and-tracking-mode-ID-r15 is defined as INTEGER(0..15) whereas RTCM specifies this as a uint5 field?
Why have the signal-and-tracking-mode-ID’s been changed so that they don’t match RTCM?

	ESA
	Some of the SSR RTCM messages that are missing from RTCM v3.3 can be found at https://ssl.tksc.jaxa.jp/madoca/public/doc/Interface_Specification_A_en.pdf. Nevertheless, in our understanding the structure of the following IE GNSS-SSR-ClockCorrections, GNSS-SSR-OrbitCorrections and GNSS-SSR-CdeBias, as presented in this draft CR, is valid and applicable to all GNSS (it is not clear to me whether or not all companies interpret the same). If this is the case, we see two possibilities to better reflect the real situation in the CR:

1. make use of the above public document and add the missing RTCM message ID to by citing the MADOCA-SEAD as [31] e.g. The parameters provided in IE GNSS-SSR-CodeBias are used as specified for message type 1059 and 1065 in [30] and type 1242, 1248, 1260 in [31]. 
        Personally, I don´t find this the most elegant solution as we will have to list too many message types that are actually identical in structure and brings no added value.
2. The current phrases seems excluding as it lists only GPS and GLO. It is preferable to update the text to reflect that this structure applies to all GNSS:
The parameters provided in IE GNSS-SSR-CodeBias are used as specified for SSR Code Bias Messages per [30] and apply to all GNSS. 


	Ericsson
	No further comments

	Qualcomm
	Answers/comments to the questions raised by u-Blox above:

signal-and-tracking-mode-ID-r15: According to RTCM text, the indicators >15 are reserved. There should be no need to support reserved entries, since the LPP fields can be extended once any new entry will be defined. I cannot see that the proposed LPP definition does not match RTCM (only the reserved entries have been removed). However, I think the question whether this field is needed or can be replaced by GNSS-SignalID remains (Issue #3-1). Using the GNSS-SignalID would make the IEs applicable to all GNSSs. 
Answers/comments to the questions raised by ESA above:

All new IEs should be applicable to all GNSSs, whenever possible. Added Issue #4-2.
The IE introduction text refers to the “use as specified in RTCM”. There should be no need to list all individual GNSS variants, since the “use” of the fields should be independent of the GNSS. 


7.1
Summary of Part 4 Discussion

As outlined in the comment-tables in section 7 above, the following changes are included in R2‑17xxxxx_(Running LPP CR for RTK GNSS positioning)_v5.doc (all highligthed in brown): 

· The storedNavList field has been added to the IE GNSS-SSR-CodeBiasReq.

· Duplicated definition of IE StoredNavListInfo has been removed in IE GNSS-SSR-ClockCorrectionsReq and a Note has been added that the IE StoredNavListInfo may be defined in the common IEs section later. 

The Table below provides a summary of various issues raised in section 7 above, which require additional discussion/evaluation/input:
	Issue #
	Description
	Possible Solution(s)

	4-1
	The periodic assistance data delivery procedure requires further dicussion/input contributions.
Also, the need for a procedure should be further discussed/decided (e.g., support via broadcast may be sufficient). 
	

	4-2
	Applicability of the new assistance data for all GNSSs supported in LPP: Should some new assistance data only be applicable to a subset of the GNSSs (e.g., GPS or GLO only)?
	


8. 
Summary

The Version 5 of the draft CR is provided in [6]. The Table below repeats the Open Issues raised in this email discussion report, which require further discussion/input/contributions at the upcoming meetings.
	Issue #
	Description
	Possible Solution(s)

	1-1
	A "High Accuracy 3D Position" GAD shape (or shapes) seems needed in 3GPP TS 23.032.
The current proposal in the latest draft may need to be enhanced/replaced.

Possibility/impact of defining new GAD shapes in LPP only should be evaluated.
	RAN2 should come up with an octet string proposal, and send LS to SA2. 


	1-2
	Positioning Instructions for HA GNSS. E.g., how to request use of RTK/PPP? Additional request needed for UE-assisted (in addition to adrMeasReq)?
	· Finer granularity in the GNSS‑PositioningInstructions instead of a single ha-GNSS-Req flag.

· Finer granularitity in QoS (horizontal/vertical accuracy). 

	1-3
	UE capabilities and assistance data sub-sets for different RTK/PPP service levels.

Capability of assistance data supported by the target. 
	· Follow the existing principle of AssistanceDataSupportList.

· Group certain assistance data elements into service level: E.g., assistance data mandatory for RTK OSR, Network-RTK, PPP, etc.
· No capability for assistance data, but instead RTK, PPP, etc. capabilities.

	1-4
	Response Time of max. 128 seconds may not be enough for ambiguity reolution.
	· Add a new ResponseTime field

· Change the units to minutes of existing field when HA GNSS is requested.

	1-5
	Periodic Reporting: The UE has to send a report at the requested interval. This usually means that the first N reports are empty. However, for RTK, N may be quite large. 
	· UE could report any location result obtained before ambiguity resolution. E.g., the locationSource may be used to indicate HA GNSS or not. 

	1-6
	antennaDescription field in IE GNSS‑RTK‑ReferenceStationInfo is proposed to be optional present. Is this information always needed, or needed at all? 
	

	1-7
	Encoding of alphanumeric characters (currently proposed as VisibleString). 

Should we limit the number of characters to 31?
	· RTCM uses 8 bit characters, ISO 8859-1 (not limited to ASCII)



	1-8
	Indication of "Data Not Available": RTCM 2’s complement integer specify that the lowest negative integer indicates "Data Not Available". Is this needed for LPP?
	· Add to each field description.

· Data should not be provided if not available.

	1-9
	Definition of Pseudorange, Phaserange, Phaserangerate, etc.
	- Could be added to LPP and/or Stage 2. 

	1-10
	RTCM MSM7 is essentially a super-set of MSM1-MSM6. The differences between MSM1-MSM7 are the elements included (sub-set), and the resolution of (some) elements. 

The current draft supports MSM7 only. 

· Is there an advantage of explicitely supporting lower resolution data fields? 

· Is there a need to provide a sub-set of the MSM7 data? 
	· Explicit lower resolution data fields may require additional assistance data elements (but the data could always be provided with the higher resolution elements as well). 

· Fields in GNSS-RTK-Observations could be made OPTIONAL/conditional to mimic MSM1-MSM6 subsets. 

	1-11
	RTCM Message Type 1006 provides the height of

the ARP above a survey monument. Is this needed in LPP?
	· Add the height above survey monument to IE GNSS-RTK-ReferenceStationInfo.

	1-12
	Is there a need to extend GNSS-AuxiliaryInformation IE (e.g., for other GNSSs)? Is the “GNSS Cell Mask” correctly represented by GNSS-AuxiliaryInformation IE?
	· At least the introduction text of IE GNSS‑AuxiliaryInformation seems to require some updates to include the new Assistance Data Elements.

	1-13
	GNSS RTK Station Coordinates do not contain any uncertainty, and are expressed differently to the UE measurement report (HighAccuracy3Dposition). Also, the MAC Auxiliary Station Coordinates are expressed differently. Should this be aligned?
	· Use either x-y-z or lat-long-alt format for coordinates.

· Add an uncertainty to the station coordinates.

	1-14
	The Reference Station ID is defined as INTEGER 0‑4095. This does not seem sufficient as a global ID in a large network (or in multiple networks).
	· Extend the value range.

· Add additional fields to indicate e.g., service provider, etc. (like “mcc+mnc+ci”).

	1-15
	Sign convention of the ADR measurement (positive/negative sign) needs to be revisited/checked (adrSign field in GNSS-MeasurementList).
	

	1-16
	Epoch time in GNSS-RTK-Observations: Currently proposed to be provided in GNSS-ReferenceTime, similar to GNSS-AcquisitionAssistance. However, this may not work for the GNSS-RTK-Observations since GNSS-ReferenceTime is valid at UE location (not reference station location).
	- Add the epoch time directly to GNSS-RTK-Observations (as in the RTCM message types).

	2-1
	subNetworkID: 

- Interpretation of value 0 needed in LPP field description?

- Optional or Mandatory present?

- Conditional present, with absence meaning 0?

- Description of integer ambiguity leveling needed (e.g., in LPP and/or Stage 2)?
	

	2-2
	Signal generation from the reference stations should be in compliance to RTCM spec. Is there a need for any explicit statement in LPP, or is the reference to RTCM spec sufficient? Should this be added to Stage 2 description?
	

	2-3
	networkID:

Is the RTCM definition sufficient? Should the ID be globally unique, or UE specific?
	

	2-4
	General:

An update to Stage 2 is needed. This may also address some comments/issues raised in this email discussion report (e.g., grouping of assistance data IEs for a particular RTK service, broadcast scheduling recommendation, reference station signal generation, etc.).
	

	3-1
	signal-and-tracking-mode-ID:

- can this be replaced by GNSS-SignalID?

- which signals are missing in signal-and-tracking-mode-ID and/or GNSS-SignalID?

- can the signals in GNSS-SignalID be used for the FFS in signal-and-tracking-mode-ID?
	

	3-2
	(Existing) GNSS-SignalID:

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? 
	

	3-3
	Is the “BDS toe Modulo” needed when GNSS-ID is BDS?
	BDS toe Modulo:

0 – 8184 
(8 seconds resolution)
BDS ephemeris reference time toe modulo 8192

	3-4
	ssr-ProviderID/ssr-SolutionID:

- What is the purpose of this ID?

- Do we need this in LPP?

- If needed, should the ID be managed by RTCM or RAN2?
	

	3-5
	Common IEs:

epochTime, ssrUpdateInterval, iod-ssr, ssr-ProviderID, ssr-SolutionID, all seem to be repeated in multiple IEs. Should we define it as a separate IE (either each of the field or these fields together as a set)?
	

	4-1
	The periodic assistance data delivery procedure requires further dicussion/input contributions.
Also, the need for a procedure should be further discussed/decided (e.g., support via broadcast may be sufficient). 
	

	4-2
	Applicability of the new assistance data for all GNSSs supported in LPP: Should some new assistance data only be applicable to a subset of the GNSSs (e.g., GPS or GLO only)?
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