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Introduction
[bookmark: _Hlk506299356]At the RAN2#101 meeting, the work on introducing the agreements concerning GNSS RTK into the running LPP CR was decided to be handled via an email discussion [1,2]:

[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 in the Feb. meeting.

During the email discussion, a large number of issues were identified and solved. However, there are also several open issues identified, that will need further discussions. These include 
· The definition of the ADR report fields
· The scope and definition of reference station and network IDs for GNSS RTK data
These issues will be further discussed in this contribution, with proposals for the way forward and related text proposals in the Appendix.
In addition, we also present our view on how the reference station ID should be handled during GNSS-RTK for the accurate positioning in LTE. In the upcoming sections, we first provide discussion and proposal related to the ADR definition and then elaborate on the handling of reference station ID.
On the GNSS ADR Report
There are still few concerns related to the definition of the accumulated delta range (ADR) remaining to be addressed [2].
At the RAN2#101 meeting, the ADR definition was briefly discussed. In this contribution, we provide some background and analysis of the different possible ADR definitions to use for when ADR is included by the target device in the LPP A-GNSS-ProvideLocationInformation and a proposed definition to adopt.
2.1 Background
A typical UE with GPS receiver performs delta-range measurement by estimating the Doppler frequency offset () at a given point of time. Moreover, if the UE keeps tracking  for an arbitrary period of time, then the observed displacement or change of the delta-range relative to the start of the tracking epoch is defined as accumulated delta range (ADR). 
In a scenario as shown in Figure 1, during each epoch, the value of carrier phase measurement from the earlier epoch and advance in the phase during current epoch is evaluated by the UE by integrating  over a time period as [3]:
 
where
·  denotes the accumulated phase at shown epoch
·  denotes Doppler frequency offset as a function of time
·  is the fractional epoch at shown epoch
·  and  denote current and previous epoch immediate to the current epoch.
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Figure 1. Example of carrier phase geometric relationships at a sequence of time instants , ,  and  corresponding to different positions of the satellite, in this case moving away from the user [3].
2.2 Discussion
To elaborate further on our view on how the ADR measurement taken by UE should be reported, we reformulate equation (1) as:
 
where 
Furthermore, denoting the carrier phase measurement taken at the first iteration () as:  and the consecutive measurement taken when  as:  in the following text we present possible ADR measurement reporting by the UE in the LPP A-GNSS-ProvideLocationInformation.
Option 1: ADR is reported as the estimated value of , including the sign.
Furthermore, the first carrier phase estimation () reported by the UE is mapped to a range between 0 and 1 of the signal wavelength. Comparing the next carrier phase measurement () of the GNSS signal reported by the UE with the previously reported , the relative location of UE with respect to the satellite can be determined. For instance, if  it means that the satellite is moving towards the UE and a situation when  means that the satellite is moving away from the UE. 
With this option, the following field description of the adr, adrMSB and adrSign fields are appropriate:



Field description, option 1:
	adr
This field contains the absolute value of the ADR measurement measured by the target device for the particular satellite signal. This information can be used to compute the 3-D velocity or high-accuracy position of the target device. ADR measurements are converted into units of meter by multiplying the ADR measurement by the nominal wavelength of the measured signal.
Scale factor 2-10 meters, in the range from 0 to 32767.5 meters. This field is optional, but shall be included, if the adrMeasReq in GNSS-PositioningInstructions is set to TRUE and if ADR measurements are supported by the target device (i.e., adr-Support is set to TRUE in A-GNSS-ProvideCapabilities).

	adrMSB
This field contains the 4-MSBs of the absolute value of the ADR measurement in case the absolute value of 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 and the ADR measurement is outside the range of the adr field.

	adrSign
This field indicates the sign of the ADR measurement. 




Option 2: ADR is reported as the estimated value of , including the sign.
In this case,  reported by the UE corresponds to the relative position change of UE with respect to the satellite. When  is positive, it means that the satellite is moving away from the UE, and when  is negative, it signifies that the satellite is moving towards the UE.
Field description, option 2:
	adr
This field represents the absolute value of the ADR measurement measured by the target device for the particular satellite signal. The reported value corresponds to the absolute value of the accumulated Doppler rate since the most recent report. This information can be used to compute the 3-D velocity or high-accuracy position of the target device. ADR measurements are converted into units of meter by multiplying the ADR measurement by the nominal wavelength of the measured signal.
Scale factor 2-10 meters, in the range from 0 to 32767.5 meters. This field is optional, but shall be included, if the adrMeasReq in GNSS-PositioningInstructions is set to TRUE and if ADR measurements are supported by the target device (i.e., adr-Support is set to TRUE in A-GNSS-ProvideCapabilities).

	adrMSB
This field contains the 4-MSBs of the absolute value of the ADR measurement in case the absolute value of the ADR measurement is outside the range of the field adr alone. If present, the full absolute value of the 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 and the ADR measurement is outside the range of the adr field.

	adrSign
This field indicates the sign of the ADR measurement. Enumerated value ‘positive’ indicates that the satellite is moving away from the target device; ‘negative’ indicates that the satellite is moving towards the target device.



In any of the options, the field description needs to be clearly defining the intended meaning of the corresponding fields. Also, a change has been introduced to align the adrMSB better with the adr definition.
From the discussion above, it is clear that for a sequence of reports from the first time instant and onwards, the same information will be provided but with different representations. We have the following observation:

Observation 1: Both Option 1 and Option 2 will convey the necessary information from the target device to the location server for the UE-assisted mode.
Observation 2: The proposed field descriptions for the two options, both clarifies the actual meaning of the adr measurement report.

However, both options have their own benefits and drawbacks. As the relative location of the UE with respect to the satellite is identified based on the sign of the difference of the two consecutive ADR measurements, Option 1 shows robustness on estimating the current location of the UE even when some ADR measurements are missing. Nevertheless, it bears the risk of ADR measurement leaving the encodable range [-adr_max, adr_max]. Option 2, on the other hand, can essentially keep the ADR measurements within the encodable range but is sensitive towards the missing Doppler rate reports. Since the relative position change of the UE with respect to the satellite is acknowledged based on the sign of the ADR measurement, in a situation, when reports are missing the current change of the UE location with respect to the satellite cannot be precisely determined. In such a situation, the UE needs to re-initiate the accumulation of the Doppler frequency offset by indicating the E-SMLC about the missing reports. After re-initiating the ADR measurement, the relative location change of the UE can then be identified by the sign of the updated ADR measurement followed by the updated location change with the upcoming new ADR measurements.
Observation 3: Option 2 is sensitive towards missing ADR reports.
Comparing the benefits and the drawbacks of the two options, we consider the issue with missing reports to be more critical. Therefore, we propose to:
Proposal 1	Report ADR measurements according to Option 1.
Proposal 2	Update the running LPP CR with the field descriptions associated to Option 1, according to the Text Propoal in Appendix, Section 6.1

On the Reference Station and Network ID
The discussion concerning definitions of reference station and network identifiers [2].
At the RAN2#101 meeting, the need for longer IDs was briefly discussed. In this contribution, we discuss some alternative solution options.
Background and Discussion
In order to enhance the positioning accuracy using GNSS signal, differential GPS (DGPS) uses one or more reference stations or virtual reference stations at known locations. The reference stations perform GNSS signal carrier phase measurement and provide corrections for UE measured data to improve its accuracy. The correction on the UE measurement can then either be sent directly to the UE where UE performs the correction on its measured data and then sends the updated data to E-SMLC or it can be handed over to E-SMLC which upon reception of UE measured data corrects it and performs precise localization of the UE. In either of the cases, the reference station involved in providing correction data for a specific UE data should be uniquely identified.
In order to maintain unique reference or virtual reference station ID within the network one of the ways is to assign each reference station a globally unique ID. For this purpose, exploitation of RTCM specification-based ID assignment strategy is proposed in the running LPP CR for RTK GNSS positioning [4]. The running LPP CR defines referenceStationID as an entity of IE GNSS-RTK-ReferenceStationInfo and takes integer values between 0 and 4095 to uniquely identify the reference station providing the correction data for specific UE measured data. However, the station ID range limited by 4095 IDs may not be enough to uniquely identify all the reference stations within the network. 
Observation 4:	The reference station ID range may not be enough to uniquely identify all the reference stations within the network.

In order to maintain a unique reference station ID among all the physical and non-physical reference stations within the network, following three strategies, where E-SMLC plays a centralized ID allocation entity, can be exploited:
Alternative 1: Using networkID together with GNSS-referenceStationID
The existing networkID is used with GNSS RTK MAC, but can be considered also for reference stations in general. The E-SMLC will assign an appropriate networkID to all reference stations to uniquely identify each reference stations in the network. The networkID will identify the RTK correction provider, and the reference station ID the individual physical or non-physical reference stations of the RTK correction provider. 
The E-SMLC can allocate a unique ID to each reference station by defining a networkID for each GNSS-referenceStationID IE, except for the auxiliary reference stations of the MAC concept, since these inherits the network ID from the master reference station. This alternative would be appropriate if no operator is expected to exploit more than 256 different correction service providers. The fact that one correction service provider may have more than 4096 reference stations is not critical since a RTK correction provider can be assigned to multiple network IDs. 
Alternative 2: Add the networkID as a field of the GNSS-referenceStationID IE
Following this approach, the E-SMLC exploits unique reference station IDs resulting from the integration of the legacy networkID from the MAC concept and the referenceStationID into a combined IE GNSS-referenceStationID. Essentially, the total value range is the same as for Alt 1, but since the GNSS-referenceStationID will be used also to identify the auxiliary reference stations, these will also be assigned a networkID. 
Alternative 3: Define networkID as a new general field of the GNSS-referenceStationID
This alternative accounts for the situation when the number of service providers cannot be accommodated within the integer range 0 to 255, or 8 bits. In such a situation, it shall be legitimate to define networkID as a new field that has a value range greater than 0 to 255. One possibility could be to introduce a networkID with a wider range, such as 10 or 12 bits. Another could be to introduce a networkID as a VisualString of for example 10 bytes. 
As outlined, in all the presented alternatives, E-SMLC is the entity that assures an unique reference station ID irrespective of the correction providers data. The Alternatives 1 and 2 exploits the networkID from the MAC concept to extend the value range of the reference station ID. However, these alternatives are inadequate if the number of correction data providers cannot be accommodated within the legacy networkID range. In contrast, the Alternative 3 that defines the networkID as an extended field that can accommodate a wide range of correction data providers and allows E-SMLC to assure unique reference station IDs for the reference stations within its network, and from a UE perspective. Moreover, E-SMLC can change the reference station ID if it is deemed relevant. In a situation when the non-physical reference station grid is changing over time, the E-SMLC then can handle this type of situation by changing/allocating the ID referring to that specific station in a dynamic fashion.
[bookmark: _Hlk510537203]Proposal 3	It is the E-SMLC that assures unique reference station IDs from a UE perspective 
Proposal 4	The referenceStationID range is kept as in RTCM.
Proposal 5	The networkID range is extended compared to what is used in GNSS RTK MAC in RTCM.
Proposal 6	Agree to the Text Proposal in Appendix, Section 6.2
Conclusion
Based on the discussions presented in sections 2 and 3 we have the following proposals:
Proposal 1	Report ADR measurements according to Option 1.
Proposal 2	Update the running LPP CR with the field descriptions associated to Option 1, according to the Text Propoal in Appendix, Section 6.1
Proposal 3	It is the E-SMLC that assures unique reference station IDs from a UE perspective 
Proposal 4	The referenceStationID range is kept as in RTCM.
Proposal 5	The networkID range is extended compared to what is used in GNSS RTK MAC in RTCM.
Proposal 6	Agree to the Text Proposal in Appendix, Section 6.2

Furthermore, text-proposal that matches the proposal in this contribution to clarify the reported ADR information is provided in the appendix. 
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Appendix TS 36.355 Text Proposals
Text proposals for GNSS RTK ADR report definitions
[bookmark: _Toc486025891]6.5.2.6	GNSS Location Information Elements
[…]
[bookmark: _Toc486025894]–	GNSS-MeasurementList
The IE GNSS-MeasurementList is used by the target device to provide measurements of code phase, Doppler, C/No and optionally accumulated carrier phase, also called accumulated deltarange (ADR). The ADR represents the current state of the accumulator.
-- ASN1START

GNSS-MeasurementList  ::= SEQUENCE (SIZE(1..16)) OF GNSS-MeasurementForOneGNSS

GNSS-MeasurementForOneGNSS ::= SEQUENCE {
	gnss-ID					GNSS-ID,
	gnss-SgnMeasList 		GNSS-SgnMeasList,
	...
}

GNSS-SgnMeasList ::= SEQUENCE (SIZE(1..8)) OF GNSS-SgnMeasElement

GNSS-SgnMeasElement ::= SEQUENCE {
	gnss-SignalID			GNSS-SignalID,
	gnss-CodePhaseAmbiguity	INTEGER (0..127)		OPTIONAL,
	gnss-SatMeasList 		GNSS-SatMeasList,
	...
}

GNSS-SatMeasList ::= SEQUENCE (SIZE(1..64)) OF GNSS-SatMeasElement

GNSS-SatMeasElement ::= SEQUENCE {
	svID 				SV-ID,
	cNo 				INTEGER (0..63),
	mpathDet 			ENUMERATED {notMeasured (0), low (1), medium (2), high (3), ...},
	carrierQualityInd 	INTEGER (0..3) 				OPTIONAL, 	 
	codePhase 			INTEGER (0..2097151),
	integerCodePhase 	INTEGER (0..127) 			OPTIONAL,
	codePhaseRMSError 	INTEGER (0..63), 						 
	doppler 			INTEGER (-32768..32767) 	OPTIONAL,
	adr 				INTEGER (0..33554431) 		OPTIONAL,
	...,
	[[
		adrMSB-r15			INTEGER (0..15)						OPTIONAL,
		adrSign-r15			ENUMERATED {positive, negative}		OPTIONAL,
		adrRMSerror-r15		INTEGER (0..127)					OPTIONAL,
		delta-codePhase-r15	INTEGER (0..7)						OPTIONAL
	]]
}

-- ASN1STOP

	GNSS-MeasurementList field descriptions

	gnss-ID
This field identifies the GNSS constellation on which the GNSS signal measurements were measured. Measurement information for up to 16 GNSSs can be included.

	gnss-SgnMeasList
This list provides GNSS signal measurement information for up to 8 GNSS signal types per GNSS.

	gnss-SignalID
This field identifies the signal on which GNSS signal measurement parameters were measured. 

	gnss-CodePhaseAmbiguity
This field provides the ambiguity of the code phase measurement. It is given in units of milli-seconds in the range between between 0 and 127 milli-seconds.
The total code phase for a satellite k (Satk) is given modulo this gnss-CodePhaseAmbiguity and is reconstructed with: 
Code_Phase_Tot(Satk) = codePhase(Satk) + integerCodePhase(Satk) + n * gnss-CodePhaseAmbiguity, n= 0,1,2,...
If there is no code phase ambiguity, the gnss-CodePhaseAmbiguity shall be set to 0.
The field is optional. If gnss-CodePhaseAmbiguity is absent, the default value is 1 milli-second.

	gnss-SatMeasList
This list provides GNSS signal measurement information for up to 64 GNSS satellites.

	svID
This field identifies the satellite on which the GNSS signal measurements were measured.

	cNo
This field provides an estimate of the carrier‑to‑noise ratio of the received signal from the particular satellite. The target device shall set this field to the value of the satellite C/N0, as referenced to the antenna connector, in units of 1 dB‑Hz, in the range from 0 to 63 dB‑Hz.
Scale factor 1 dB‑Hz.

	mpathDet
This field contains the multipath indicator value, defined in the table Value of mpathDet to Multipath Indication relation below.

	carrierQualityInd
If the fields adrMSB, adrSign, adrRMSerror, and delta-codePhase are not present:
This field indicates the quality of a carrier phase measurement. The LSB indicates the data polarity, that is, if the data from a specific satellite is received inverted, this is indicated by setting the LSB value to ‘1’. In the case the data is not inverted, the LSB is set to ‘0’. The MSB indicates if accumulation of the carrier phase has been continuous, that is, without cycle slips since the previous measurement report. If the carrier phase accumulation has been continuous, the MSB value is set to ‘1X’. Otherwise, the MSB is set to ‘0X’.
This field is optional but shall be included if the adr field is included. See table Bit to Polarity Indication relation below.
If any of the fields adrMSB, adrSign, adrRMSerror, or delta-codePhase are present:
This field indicates the quality of a carrier phase measurement. The LSB indicates the half-cycle ambiguity, that is, if there are no half-cycle ambiguities present in the ADR measurement report the LSB is set to ‘0’.  In case there are half-cycle ambiguities present in the ADR measurement report the LSB is set to ‘1’. When reporting ADR with unresolved polarity encoding the target device shall set this bit to 1.
The MSB indicates if accumulation of the carrier phase has been continuous, that is, without cycle slips since the previous measurement report. If the carrier phase accumulation has been continuous (no cycle slips), the MSB value is set to ‘1X’. Otherwise, the MSB is set to ‘0X’. If polarity resolution forced the ADR measurement to be corrected by half-a-cycle, then the MSB must be set to ‘0’, indicating that despite continuous tracking the reported ADR experienced non-continuity. See table Bit to Ambiguity Indication relation below.
The target device shall include this field if the adr field is included.

	codePhase
This field contains the whole and fractional value of the code-phase measurement made by the target device for the particular satellite signal at the time of measurement in the units of ms. GNSS specific code phase measurements (e.g. chips) are converted into unit of ms by dividing the measurements by the nominal values of the measured signal chipping rate.
Scale factor 2-21 milli‑seconds, in the range from 0 to (1-2-21) milli‑seconds.

	integerCodePhase
This field indicates the integer milli‑second part of the code phase that is expressed modulo the gnss-CodePhaseAmbiguity.  The value of the ambiguity is given in the gnss-CodePhaseAmbiguity field.
The integerCodePhase is optional. If integerCodePhase is absent, the default value is 0 milli-second.
Scale factor 1 milli-second, in the range from 0 to 127 milli‑seconds.

	codePhaseRMSError
This field contains the pseudorange RMS error value. This parameter is specified according to a floating-point representation shown in the table below.

	doppler
This field contains the Doppler measured by the target device for the particular satellite signal. This information can be used to compute the 3-D velocity of the target device. Doppler measurements are converted into unit of m/s by multiplying the Doppler measurement in Hz by the nominal wavelength of the measured signal.
Scale factor 0.04 meter/seconds. This field is optional, but shall be included, if the velocityRequest in CommonIEsRequestLocationInformation is set to TRUE.

	adr
This field contains the absolute value of the ADR measurement measured by the target device for the particular satellite signal. This information can be used to compute the 3-D velocity or high-accuracy position of the target device. ADR measurements are converted into units of meter by multiplying the ADR measurement by the nominal wavelength of the measured signal.
Scale factor 2-10 meters, in the range from 0 to 32767.5 meters. This field is optional, but shall be included, if the adrMeasReq in GNSS-PositioningInstructions  is set to TRUE and if ADR measurements are supported by the target device (i.e., adr-Support is set to TRUE in A-GNSS-ProvideCapabilities).

	adrMSB
This field contains the 4-MSBs of the absolute value of the ADR measurement in case the absolute value of the ADR measurement is outside the range of the field adr alone. Scale factor 32768 meters. 
If present, the full absolute ADR value is constructed as (adrMSB*225 + adr) with the scale factor 2-10 meters, representing measurements in the range from 0 to 524287.9990234375 meters. If present, the full ADR measurement is constructed as adrMSB × 32768 + adr × 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 and the ADR measurement is outside the range of the adr field.

	adrSign
This field indicates the sign of the ADR measurement. Enumerated value ‘positive’ indicates that the satellite is moving away from the target device; ‘negative’ indicates that the satellite is moving towards the target device.

	adrRMSerror
This field contains the ADR root mean squared error value. Scale factor 2-10 meters.

	delta-codePhase
This field specifies the higher resolution of the codePhase measurement. Scale factor 2-24 milli‑seconds. 
The full code phase measurement is constructed as codePhase × 2-21 + delta-codePhase × 2-24 milli-seconds, in the range from 0 to (1-2-24) milli‑seconds.



Value of mpathDet to Multipath Indication relation
	Value of mpathDet
	Multipath Indication

	00
	Not measured

	01
	Low, MP error < 5m

	10
	Medium, 5m < MP error < 43m

	11
	High, MP error > 43m



Bit to Polarity Indication relation
	Value
	Polarity Indication

	0
	Data Direct, carrier phase not continuous

	1
	Data Inverted, carrier phase not continuous

	2
	Data Direct, carrier phase continuous

	3
	Data Inverted, carrier phase continuous



Bit to Ambiguity Indication relation
	Value
	Value MSB, LSB
	Polarity Indication

	0
	00
	carrier phase not continuous, no half-cycle ambiguity

	1
	01
	carrier phase not continuous, half-cycle ambiguity

	2
	10
	carrier phase continuous, no half-cycle ambiguity

	3
	11
	carrier phase continuous, half-cycle ambiguity



floating-point representation
	Index
	Mantissa
	Exponent
	Floating-Point value, xi
	Pseudorange value, P

	0
	000
	000
	0.5
	P < 0.5

	1
	001
	000
	0.5625
	0.5 <= P < 0.5625

	I
	x
	y
	0.5 * (1 + x/8) * 2y
	xi-1 <= P < xi

	62
	110
	111
	112
	104 <= P < 112

	63
	111
	111
	--
	112 <= P




Figure 6.5.2.6-1: Exemplary calculation of some GNSS Signal Measurement Information fields.

Text Proposal for an extended GNSS-ReferenceStationID IE
· GNSS-ReferenceStationID
The IE GNSS-ReferenceStationID is used to identify a specific GNSS Reference Station. 
-- ASN1START

GNSS-ReferenceStationID-r15 ::= SEQUENCE {
	referenceStationID-r15					INTEGER (0..4095),
	networkID-r15							INTEGER (0..1024),
	...
}

-- ASN1STOP

	GNSS-ReferenceStationID field descriptions

	referenceStationID
This field specifies the ID of a reference station within a reference station network

	networkID
This field specifies the ID of a reference station network. This field extends the network ID field of GNSS RTK MAC in RTCM



NOTE:	It is E-SMLC that assures that the GNSS-ReferenceStationID is unique from a target device perspective.
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