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Introduction
[bookmark: _Hlk506299356]At the RAN2#99bis meeting, the work on introducing the agreements concerning GNSS RTK into the running LPP CR was decided to be handled via an email discussion:

[LTE/Positioning][99b#56] Running LPP CR for positioning accuracy enhancements (Qualcomm)
To update the running CR with outcomes of this meeting and the related offline discussions.
	Deadline: for February meeting

During the email discussion, a large number of issues were identified. These are addressed in this contribution.
Discussion
[bookmark: _Hlk506299390]Part 1 issues
The identified issues from part 1 are summarized in the following table:

	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).



Issue 1.1
Our view is that protocols are 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 interoperability 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.

[bookmark: _Toc506428247][bookmark: _Toc506433672][bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246]Add the needed position/velocity/acceleration shape definitions in LPP instead of 23.032. 
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.    
[bookmark: _Toc506428248][bookmark: _Toc506433673]Clarify the HighAccuracy3Dposition IE cep field definition according to the suggested text proposal.
Since not all devices are expected to provide altitude information, the altitude field shall be OPTIONAL.
[bookmark: _Toc506428249][bookmark: _Toc506433674]Change the HighAccuracy3Dposition altitude field to OPTIONAL.
Issue 1.2
The type of high accuracy assistance data that can be requested should be separable, for example into PPP, RTK OSR and RTK SSR
[bookmark: _Toc506433675]Support a finer granularity of the GNSS RTK assistance data requests in compared to  a single Boolean.
Issue 1.6
All these descriptive fields (antennaDescriptor, antennaSetUpID,(all values except 0), antennaSerialNumber,,receiverTypeDescriptor, receiverFirmwareVersion, receiverSerialNumber) 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, or public references to definitions and descriptions are identified, we think it is best for the time being to leave it as FFS and not add them.
[bookmark: _Toc506433676]Do not add the descriptive fields antennaDescriptor, antennaSetUpID,(all values except 0), antennaSerialNumber,,receiverTypeDescriptor, receiverFirmwareVersion, receiverSerialNumber unless their definitions and motivations are properly sorted out 
Issue 1.7
The data type VisibleString is already in use in LPP to represent EPDU names, so it can be used in the same manner here as well. However, the data type is only used for the descriptive attributes that we believe need to be motivated and defined before being introduced
[bookmark: _Toc506433677]Relevant text strings from RTCM 3.x can be introduced as the VisibleString data type.
Issue 1.8
The question about unavailable data is related to issue 1.10 as well. If introducing a general rule to fields that are about to be introduced, it seems most reasonable to exploit the possibility to make them OPTIONAL or conditional present.
[bookmark: _Toc506433678]Fields with data possibly unavailable shall be OPTIONAL or conditional present, where omission is interpreted by the device as unavailable
Issue 1.9
Definitions of Pseudorange, Phaserange, Phaserangerate etc can be added to stage-2
[bookmark: _Toc506433679]Add definitions of Pseudorange, Phaserange, Phaserangerate etc to stage-2 36.305.
Issue 1.10
There is a need to support different MSM messages since the location server may need to adapt to the assistance data it has obtained from its provider, which may vary over time. However, there is no need to introduce support for both the normal and high resolution of some fields. Therefore, corresponding fields shall be OPTIONAL to allow the location server to provide assistance data, corresponding to MSM 1,2,3,6,7.
[bookmark: _Toc506433680] Set assistance data fields to OPTIONAL in order to allow encoding of MSM 1, 2, 3, 6 and 7.
Issue 1.11
The height of the ARP above a survey monument should be added, but can be conditional present, and when not present assumed to be zero.
[bookmark: _Toc506433681]Add a field to represent the height of the ARP above a survey monument.
Issue 1.13
Although there is no corresponding information about the reference station location uncertainty, it seems relevant to still introduce a representation in case a mix of accuracies from different providers will be seen in the market.
[bookmark: _Toc506433682]Add reference station uncertainty fields in the assistance data.
Issue 1.14
We do not see the need for a globally unique ID to represent the Reference Station ID. It is enough with a UE-specific unique ID, and the one in RTCM should be just fine. Furthermore, there is no 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 sufficient.
[bookmark: _Toc506433683]Use the Reference Station ID definition and value range from RTCM 3.x in the corresponding ASN.1 encoding
Issue 1.15
It can be good to use the same definitions as in the Android API. However, we do not agree with the definition of the accumulated delta range. 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.
Our view of how adr is determined in the UE is different. 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.
Alternatively, 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.
It is therefore important with an aligned view of how adr is computed in the device and what the measurement represents.
[bookmark: _Toc506433684]Introduce a definition of adr that is clear about how adr is determined in the device.
[bookmark: _Toc506433685]Update the adr sign field description to match the adr definition.
Part 2 issues
The identified issues from part 2 are summarized in the following table:
	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.).
	


Issue 2.1
The handling of the subNetworkID should be aligned with the solution to issue 1.8. To make it conditionally present in which 0 means absent seems most appropriate. The concept of subnetworks should be defined somewhere, and it is enough with an extended field description.
[bookmark: _Toc506433686]Handle the default value of the subNetworkID in an aligned manner to how unavailable fields are handled, 
[bookmark: _Toc506433687]Add an extended field description in LPP or a stage-2 definition to describe the subnetwork concept
Issue 2.2
We agree with u-Blox that the RTCM definitions of signal generation would be enough, especially if they are in general interpreted as u-Blox states so that the receivers can make signal generation assumptions, otherwise there is a need for  some clarifying text in the field description.
[bookmark: _Toc506433688]Add a clarifying text to refer to  the RTCM definitions of signal generations.
Issue 2.3
Similar to Issue 1.4. We believe that the current RTCM definition of network ID is fine, there is no need for global IDs
[bookmark: _Toc506433689]Reuse the RTCM definition and value range of the network ID.
Issue 2.4
Since many new concepts are added and that the separation of different types of assistance and methods is not obvious from the field names and descriptions, it seems reasonable to add some stage-2 description.
[bookmark: _Toc506433690]Introduce clarifying text in stage-2 to introduce the different RTK concepts and assumptions.
Part 3 Issues
	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)?
	


Issue 3.4
If needed, then ssr-ProviderID/ssr-SolutionID should be defined in the same way as EPDU-IDs and listed in the specification. However, their presence need to be motivated. Similarly, the UE is unaware of the BS vendor when communicating, and what handover algorithm is used etc., so the need of these IDs are still questionable.
[bookmark: _Toc506433691]Do not add ssr-ProviderID/ssr-SolutionID unless they have been properly defined and their needs have been clearly motivated 
Part 4 Issues
	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)?
	


Issue 4.1
We believe there is indeed ia 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.
[bookmark: _Toc506433692]Confirm the introduction of the periodic assistance data via LPP for the GNSS RTK assistance data. 
Conclusion
Here is the list of observation and proposals for this contribution:
Proposal 1	Add the needed position/velocity/acceleration shape definitions in LPP instead of 23.032.
Proposal 2	Clarify the HighAccuracy3Dposition IE cep field definition according to the suggested text proposal
Proposal 3	Change the HighAccuracy3Dposition altitude field to OPTIONAL.
Proposal 4	Support a finer granularity of the GNSS RTK assistance data requests than a single Boolean
Proposal 5	Do not add the descriptive fields antennaDescriptor, antennaSetUpID,(all values except 0), antennaSerialNumber,,receiverTypeDescriptor, receiverFirmwareVersion, receiverSerialNumber unless their definitions and motivations are properly sorted out
Proposal 6	Relevant text strings from RTCM 3.x can be introduced as the VisibleString data type
Proposal 7	Fields with data possibly unavailable shall be OPTIONAL or conditional present, where omission is interpreted by the device as unavailable
Proposal 8	Add definitions of Pseudorange, Phaserange, Phaserangerate etc to stage-2 36.305
Proposal 9	Set assistance data fields to OPTIONAL in order to allow encoding of MSM 1,2,3,6 and 7
Proposal 10	Add a field to represent the height of the ARP above a survey monument
Proposal 11	Add reference station uncertainty fields in the assistance data
Proposal 12	Use the Reference Station ID definition and value range from RTCM 3.x in the corresponding ASN.1 encoding
Proposal 13	Introduce a definition of adr that is clear about how adr is determined in the device
Proposal 14	Update the adr sign field description to match the adr definition
Proposal 15	Handle the default value of the subNetworkID in an aligned manner to how unavailable fields are handled,
Proposal 16	Add an extended field description in LPP or a stage-2 definition to describe the subnetwork concept
Proposal 17	Add a clarifying text that the RTCM definitions of signal generations apply
Proposal 18	Reuse the RTCM definition and value range of the network ID
Proposal 19	Introduce clarifying text in stage-2 to introduce the different RTK concepts and assumptions.
Proposal 20	Do not add ssr-ProviderID/ssr-SolutionID unless they have been properly defined and their needs have been clearly motivated
Proposal 21	Confirm the introduction of the periodic assistance data via LPP for the GNSS RTK assistance data.
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