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1. 
Introduction
During the email discussion on the Running LPP CR for RTK positioning support, a number of issues were raised by individual companies [1]. This contribution provides Qualcomm’s view on some of the open issues.

2. 
Discussion
 #1-1
"High Accuracy GAD Shape"
For reporting a "high-accuracy" location estimate, a new GAD shape is needed with finer resolution (i.e., the existing GAP shapes have a latitude/longitude resolution of about 1-3 meters [3]). The latest LPP draft [2] introduces a HighAccuracy3Dposition IE as defined in OMA LPPe [4]. This would be the first GAD shape specified in LPP only (all other shapes are specified in TS 23.032 [3], although, its ASN.1 is specified in LPP [5] (with reference to TS 23.032)). Since GAD shapes are used in multiple 3GPP specifications, it seems advantageous to have a single place for the definition. This would also avoid any potential ambiguities on e.g., reference system/datum being used. GAD shapes according to TS 23.032 are used in (at least) the following specifications:

- 
29.171 (SLs interface): GAD shapes are used similar to LPP with ASN.1 translation and reference to TS 23.032; uncertainty codes are used with reference to TS 23.032.

-
29.172 (SLg interface): Accuracy codes, list of supported GAD shapes as defined in TS 23.032.

-
24.080 (SS protocol): supported GAD shapes, location estimate.

-
32.299 (charging): ELP in 29.172 refers to 32.299 which defines a location estimate as an octet string according to TS 23.032. 
Therefore, it will be needed to add the new GAD shape(s) to TS 23.032 as an octet string. 
The HighAccuracy3Dposition IE from LPPe appears in general sensible, but may require modifications for an octet string definition. This may result in multiple new shapes, e.g., with and without altitude, or with and without uncertainty shape. 
Proposal 1:
Define new "High Accuracy GAD Shapes" in TS 23.032.

Proposal 2:
RAN2 should define the details of the new GAD shapes and provide the RAN2 recommendation to SA2 for inclusion in TS 23.032.

#1-2
Positioning Instructions for HA GNSS, and

#1-4
Response Time
The positioning instructions in a LPP Request Location Information consists of two parts:
-
Common request parameters provided in IE CommonIEsRequestLocationInformation (position method independent);

-
Positioning method specific instructions; for A-GNSS in IE A-GNSS-RequestLocationInformation.

The common request parameter include usually the following fields:
-
locationInformationType
- 
determines whether UE-based or UE-assisted is required or allowed.
-
qos
-
horizontalAccuracy
-
accuracy/confidence code according to TS 23.032
-
verticalAccuracy
-
accuracy/confidence code according to TS 23.032
-
responseTime
-
1 – 128 seconds, or
-
1 – 512 seconds for NB-IoT
The horizontal/vertical accuracy in QoS uses the accuracy code defined in TS 23.032 [3], which allows for 1 metre as the smallest value for the horizontal accuracy, and 1.13 metres as the smallest value for the vertical accuracy. 
To allow a request for a high accuracy location estimate, the qos field could be extended with new accuracy codes which allow <1 metre resolution. These additional accuracy codes should use the same definition as the uncertainty codes for the new GAD shapes discussed in #1-1 above. For example: 
QoS ::= SEQUENCE {


horizontalAccuracy


HorizontalAccuracy

OPTIONAL,
-- Need ON


verticalCoordinateRequest
BOOLEAN,


verticalAccuracy


VerticalAccuracy

OPTIONAL,
-- Need ON


responseTime



ResponseTime


OPTIONAL,
-- Need ON


velocityRequest



BOOLEAN,






...,


[[
responseTimeNB-r14

ResponseTimeNB-r14

OPTIONAL
-- Need ON


]],

[[
horizontalAccuracyExt-r15
HorizontalAccuracyExt-r15

OPTIONAL,
-- Need ON


verticalAccuracyExt-r15

VerticalAccuracyExt-r15


OPTIONAL
-- Need ON

]]
}


	qos

This IE indicates the quality of service and comprises a number of sub-fields. In the case of measurements, some of the sub-fields apply to the location estimate that could be obtained by the server from the measurements provided by the target device assuming that the measurements are the only sources of error. Fields are as follows:

[…]
-
horizontalAccuracyExt indicates the maximum horizontal error in the location estimate at an indicated confidence level. The ‘accuracy’ corresponds to the encoded uncertainty as defined in 3GPP TS 23.032 [15] and ‘confidence’ corresponds to confidence as defined in 3GPP TS 23.032 [15].

-
verticalAccuracyExt indicates the maximum vertical error in the location estimate at an indicated confidence level and is only applicable when a vertical coordinate is requested. The ‘accuracy’ corresponds to the encoded uncertainty altitude as defined in 3GPP TS 23.032 [15] and ‘confidence’ corresponds to confidence as defined in 3GPP TS 23.032 [15].

[…]


Proposal 3:
Add additional horizontal and vertical accuracy fields to the QoS IE with finer resolution. The definition/accuracy-code should be the same as for the new GAD shapes in TS 23.032 (Proposal 1).
The response time is the "mandatory" parameter in the QoS (i.e., all QoS requirements shall be obtained by the target device to the degree possible but it is permitted to return a response that does not fulfill all QoS requirements if some were not attainable. The single exception is the response time which shall always be fulfilled – even if that means not fulfilling other QoS requirements). The maximum response time is 128 seconds (512 seconds for NB-IoT). The ResponseTimeNB field is currently only used for NB-IoT access.
A maximum of 128 seconds appars to be too small for RTK positioning. Response time usually depends on many factors (e.g., environment, etc. and receiver type (e.g., single constellation, single frequency, or multi-constellation, multi-frequency, etc.)). A RTK position fix could be obtained by 10’s of seconds in some ideal conditions, but may also take several 10’s of minutes.  

One possible solution would be to add a unit field to the ResponseTime and ResponseTimeNB IEs, applicable to both, time and responseTimeEarlyFix. For example:
ResponseTime ::= SEQUENCE {


time







INTEGER (1..128),


...,



[[
responseTimeEarlyFix-r12

INTEGER (1..128)

OPTIONAL

-- Need ON


]],


[[
unit-r15



ENUMERATED { ten-seconds, ... }
OPTIONAL

-- Need ON


]]


}

ResponseTimeNB-r14 ::= SEQUENCE {


timeNB-r14






INTEGER (1..512),


responseTimeEarlyFixNB-r14


INTEGER (1..512)

OPTIONAL,

-- Need ON


...,


[[
unitNB-r15



ENUMERATED { ten-seconds, ... }
OPTIONAL

-- Need ON


]]
}

	CommonIEsRequestLocationInformation  field descriptions

	qos
[…]
-
responseTime
-
time indicates the maximum response time as measured between receipt of the RequestLocationInformation and transmission of a ProvideLocationInformation. If the unit field is absent, this is given as an integer number of seconds between 1 and 128. If the unit field is present, the maximum response time is given in units of 10-seconds, between 10 and 1280 seconds. If the periodicalReporting IE is included in CommonIEsRequestLocationInformation, this field should not be included by the location server and shall be ignored by the target device (if included).
-
responseTimeEarlyFix indicates the maximum response time as measured between receipt of the RequestLocationInformation and transmission of a ProvideLocationInformation containing early location measurements or an early location estimate. If the unit field is absent, this is given as an integer number of seconds between 1 and 128. If the unit field is present, the maximum response time is given in units of 10-seconds, between 10 and 1280 seconds. When this IE is included, a target should send a ProvideLocationInformation (or more than one ProvideLocationInformation if location information will not fit into a single message) containing early location information according to the responseTimeEarlyFix IE and a subsequent ProvideLocationInformation (or more than one ProvideLocationInformation if location information will not fit into a single message) containing final location information according to the time IE. A target shall omit sending a ProvideLocationInformation if the early location information is not available at the expiration of the time value in the responseTimeEarlyFix IE. A server should set the responseTimeEarlyFix IE to a value less than that for the time IE. A target shall ignore the responseTimeEarlyFix IE if its value is not less than that for the time IE.
-
unit indicates the unit of the time and responseTimeEarlyFix fields. Enumerated value ‘ten-seconds’ corresponds to a resolution of 10 seconds. If this field is absent, the unit/resolution is 1 second.
- 
velocityRequest indicates whether velocity (or measurements related to velocity) is requested (TRUE) or not (FALSE).
- 
responseTimeNB
If the periodicalReporting IE or responseTime IE is included in CommonIEsRequestLocationInformation, this field should not be included by the location server and shall be ignored by the target device (if included).

-
timeNB indicates the maximum response time as measured between receipt of the RequestLocationInformation and transmission of a ProvideLocationInformation. If the unit field is absent, this is given as an integer number of seconds between 1 and 512. If the unit field is present, the maximum response time is given in units of 10-seconds, between 10 and 5120 seconds.
-
responseTimeEarlyFixNB indicates the maximum response time as measured between receipt of the RequestLocationInformation and transmission of a ProvideLocationInformation containing early location measurements or an early location estimate. If the unit field is absent, this is given as an integer number of seconds between 1 and 512. If the unit field is present, the maximum response time is given in units of 10-seconds, between 10 and 5120 seconds. When this IE is included, a target should send a ProvideLocationInformation (or more than one ProvideLocationInformation if location information will not fit into a single message) containing early location information according to the responseTimeEarlyFixNB IE and a subsequent ProvideLocationInformation (or more than one ProvideLocationInformation if location information will not fit into a single message) containing final location information according to the timeNB IE. A target shall omit sending a ProvideLocationInformation if the early location information is not available at the expiration of the time value in the responseTimeEarlyFixNB IE. A server should set the responseTimeEarlyFixNB IE to a value less than that for the timeNB IE. A target shall ignore the responseTimeEarlyFixNB IE if its value is not less than that for the timeNB IE.
-
unitNB indicates the unit of the timeNB and responseTimeEarlyFixNB fields. Enumerated value ‘ten‑seconds’ corresponds to a resolution of 10 seconds. If this field is absent, the unit/resolution is 1 second.
All QoS requirements shall be obtained by the target device to the degree possible but it is permitted to return a response that does not fulfill all QoS requirements if some were not attainable. The single exception is time and timeNB which shall always be fulfilled – even if that means not fulfilling other QoS requirements.
A target device supporting NB-IoT access shall support the responseTimeNB IE.


A capability indicator may be needed in addition so that the location server knows whether the UE supports the unit fields or not.
Proposal 4:
Add a unit field to the ResponseTime and ResponseTimeNB IEs, applicable to both, time and responseTimeEarlyFix to indicate a time resolution of 10 seconds, together with corresponding capabilities.
The positioning method specific instructions for A-GNSS in the latest draft LPP [2] include:

-
adrMeasReq
- boolean
-
ha-GNSS-Req-r15
- boolean
The adrMeasReq exists since Rel-9 and appear sufficient to request ADR measurements from the target. The location server would know from the adr-Support field whether the target device supports ADR measurements or not (i.e., UE‑assisted mode).
For UE-based, a new flag ha-GNSS-Req-r15 is proposed in [2] to indicate whether high-accuracy GNSS (RTK or PPP) is requested. The location server could know from the AssistanceDataSupportList whether the target device supports UE-based HA-GNSS. The UE would then report the location estimate using the new high-accuracy GAD shape (see #1‑1).  
However, the location server may need to know the GNSS positioning variant being used for the reported location estimate. Therefore, an extension of the location source in the Provide Location Information message would be needed. For example:
LocationSource-r13 ::= BIT STRING {
a-gnss



(0),










wlan



(1),










bt




(2),










tbs




(3),










sensor



(4),










ha-gnss-v15xy

(5) } (SIZE(1..16))
The above would be required at the location server to allow an identification of the positioning methods used, e.g. as needed in ELP [7] or LCS-AP [8].
Proposal 5:
Add an additional entry to the LocationSource IE to indicate whether HA-GNSS has been used by the target device or not.
As mentioned above, the location server could currently only infer implicitely from the supported assistance data whether the UE supports UE-based HA‑GNSS or not. This may create ambiguities. For example, if the agnss-Modes in IE A-GNSS-ProvideCapabilities indicates support for UE-assisted mode only, and the UE indicates in addition support for the new RTK assistance data, it would not be clear whether the UE supports UE-based HA GNSS or not. A new ha‑gnss‑Modes field should be added to the IE A-GNSS-ProvideCapabilities to indicate to the location server the HA GNSS mode(s) supported by the target device.
Proposal 6:
Add a new ha-gnss-Modes field to the IE A-GNSS-ProvideCapabilities to indicate to the location server the HA GNSS mode(s) supported by the target device.
#1-5
Periodic Reporting

In case of periodic reporting is requested by the location server, the UE has to send a report at the requested interval. This means that the first reports usually contain an error code (e.g., periodicLocationMeasurementsNotAvailable in CommonIEsProvideLocationInformation). If HA GNSS is requested, but a high-accuracy location is not available when the report is triggered (e.g., start-up time, cycle slips, etc.), the UE should report a less accurate GNSS location estimate. This could be achieved by adding a new entry to the LocationSource as in Proposal 5 above. 
Note, the above is not only applicable to periodic reporting, but also in case the allowed response time expired, and no HA GNSS location result has yet been obtained by the UE (but a normal A-GNSS fix was available). 

#1-10
MSM 1-7 sub-sets
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. 
RTCM specification [6] lists the following use cases/applications for the various MSMs:

	MSM1
	Conventional and advanced DGNSS

	MSM2
	Conventional RTK modes

	MSM3
	

	MSM4
	

	MSM5
	Storing data in a complete set of RINEX observables

	MSM6
	RTK with extended resolution. Real time Network data streaming

	MSM7
	Transmission of a complete set of RINEX observations with extended resolution


The satellite and signal data for each MSM is summarized in the following Table:

	
	Field Name
	MSM1
	MSM2
	MSM3
	MSM4
	MSM5
	MSM6
	MSM7

	Satellite Data
	integer-ms-r15
	
	
	
	(
	(
	(
	(

	
	rough-range-r15
	(
	(
	(
	(
	(
	(
	(

	
	rough-phase-range-rate-r15
	
	
	
	
	(
	
	(

	Signal Data
	fine-PseudoRange-r15
	(
	
	(
	(
	(
	(
	(

	
	fine-PhaseRange-r15
	
	(
	(
	(
	(
	(
	(

	
	lockTimeIndicator-r15
	
	(
	(
	(
	(
	(
	(

	
	halfCycleAmbiguityIndicator-r15
	
	(
	(
	(
	(
	(
	(

	
	carrier-to-noise-ratio-r15
	
	
	
	(
	(
	(
	(

	
	fine-PhaseRangeRate-r15
	
	
	
	
	(
	
	(


(MSM4/5 are shaded in the Table above, since they are the same as MSM6/7 but with lower resolution for the Signal Data.)
Therefore, if all MSMs should be supported separately, all fields with the exception of the rough-range-r15 should be optional present in IE GNSS-RTK-Observations-r15. 

Ignoring MSM1 (which supports conventional DGNSS and which can be supported in LPP with existing assistance data elements), the fields integer-ms-r15, rough-phase-range-rate-r15,  fine-PseudoRange-r15, carrier-to-noise-ratio-r15, and fine-PhaseRangeRate-r15 should be optional present in IE GNSS-RTK-Observations-r15.
MSM2 lacks the fine-PseudoRange-r15 (i.e., provides phase ranges only). The purpose seems to be to allow sending of MSM2 with a high rate as possible, while from time to time MSM3 or MSM4 can be provided for the pseudo-ranges. This does not seem to provide a significant advantage in LPP/SI, and the UE would not know in advance which fields are provided (and at which intervals). MSM3 lacks the integer-ms-r15, and the purpose seems to be similar as mentioned before. Therefore, it is suggested to explicitely support MSMs 6/7 only:
Proposal 7:
The following fields in IE GNSS-RTK-Observations should be optional present:
rough-phase-range-rate-r15
fine-PhaseRangeRate-r15
#1-14
Station IDs

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). A (moving) UE may receive assistance data from different E-SMLCs/networks and must be able to unambgiously associate e.g., observation data with reference station coordinates. In case of network RTK, a (moving) UE may need to select a new reference station which may be in the auxiliary station list. When requesting observations for the new station, the station ID may be provided in the Request Assistance Data message. If the UE has a previously received (auxiliary) station list stored from a different E-SMLC as from which the new observations are requested, the provided observations would be useless, and positioning would fail. 
The importance of a unique Reference Station ID is also highlighted in the RTCM description for DF003 [6]:

"[…] In reference network applications the Reference Station ID plays an important role, because it is the link between the observation messages of a specific reference station and its auxiliary information contained in other messages for proper operation. Thus the Service Provider should ensure that the Reference Station ID is unique within the whole network, and that ID’s should be reassigned only when absolutely necessary.
Service Providers may need to coordinate their Reference Station ID assignments with other Service Providers in their region in order to avoid conflicts. This may be especially critical for equipment accessing multiple services, depending on their services and means of information distribution. […]"
OMA LPPe uses an INTEGER between 0 and 65535 for the reference station ID [4]. However, this alone seems still requiring coordination between service providers. 
One possibility to obtain a unique ID could be to identify a reference station using a CGI, i.e., by adding a PLMN-ID (MCC/MNC). However, typically a reference station is external to a PLMN. Therefore, a Provider Name could be added. This could be a list of characters which should allow an unambiguous identification. For example:
-- ASN1START

GNSS-ReferenceStationID-r15 ::= SEQUENCE {

providerName-r15

Visible String (SIZE (1..32)),


referenceStationID-r15
INTEGER (0..65535),


...

}

-- ASN1STOP
Since there could be many reference stations in a network (e.g., if (some) cellular base stations also operate/deploy a reference receiver), or many non-physical reference stations, a larger value range is proposed for the referenceStationID above (0..65535).

Proposal 8:
Add a Provider Name character string to the GNSS-ReferenceStationID and extend the value range for the referenceStationID field.
#1-15
Sign convention of ADR measurement

The current draft LPP [2] proposes the following for the ADR sign (field adrSign in IE GNSS-MeasurementList):
"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."
The accumulated delta-range (i.e., change of range) may be formed by continuously accumulating (integrating) the Doppler. This is essentially an integral of velocity, which gives the displacement or change of range relative to the start of the integration. At the end of a given integration interval, a whole number of Doppler cycles will have been counted, plus a fraction of cycles. If this fractional phase is also measured and included in the accumulated delta-range observable, it is also referred to as an "integrated Doppler" or simply "carrier phase" measurement [Source: E.D. Kaplan (Ed.), GPS – Principles and Applications, Artech House, 2006]. Therefore, the sign-convention should be based on the LOS velocity vector. The Doppler frequency is the time rate of change of the carrier phase; hence, integrating the Doppler over an epoch yields the carrier phase advance (+) or recession (-) during the epoch. The ADR/carrier-phase is only a measure of the change in satellite-to-receiver range relative to the time the accumulation was started. The carrier phase is thus an ambiguous measure of range. Therefore, the current field description appears sensible. 
Proposal 9:
A positive sign of the ADR measurement should indicate that the satellite is moving away from the target device; a negative sign should indicate that the satellite is moving towards the target device.
#1-16
Epoch Time in GNSS-RTK-Observations
Currently, the epoch time is proposed to be provided in GNSS-ReferenceTime, similar to GNSS-AcquisitionAssistance [2]. However, this would be wrong for the GNSS-RTK-Observations since GNSS-ReferenceTime is valid at UE location (not reference station location). Similar to GNSS-RTK-MAC-CorrectionDifferences, GNSS-RTK-Residuals, etc., the epoch time must be included in the IE GNSS-RTK-Observations. The following change to [2] is proposed:
#-----------------------------------------------------------------------------------------------------------------------------------------#

–
GNSS-RTK-Observations
The IE GNSS-RTK-Observations is used by the location server to provide GNSS reference station observables (pseudorange, phaserange, phaserange-rate (Doppler), and carrier-to-noise ratio) of the GNSS signals. Essentially, these parameters describe the range and derivatives from respective satellites to the reference station location provided in IE GNSS-RTK-ReferenceStationInfo. 

The parameters provided in IE GNSS-RTK-Observations are used as specified for message type 1071-1127 in [30].

-- ASN1START

GNSS-RTK-Observations-r15 ::= SEQUENCE {


epochTime-r15






GNSS-SystemTime,

gnss-ObservationList-r15



GNSS-ObservationList-r15,


...

}
GNSS-ObservationList-r15 ::= SEQUENCE (SIZE(1..64)) OF GNSS-RTK-SatelliteDataElement-r15

GNSS-RTK-SatelliteDataElement-r15 ::= SEQUENCE{


svID-r15







SV-ID,


integer-ms-r15






INTEGER (0..254),

    rough-range-r15






INTEGER (0..1023),


rough-phase-range-rate-r15



INTEGER (-8192..8191)




OPTIONAL,


gnss-rtk-SatelliteSignalDataList-r15
GNSS-RTK-SatelliteSignalDataList-r15,


...

}

GNSS-RTK-SatelliteSignalDataList-r15 ::= SEQUENCE (SIZE(1..24)) OF 















GNSS-RTK-SatelliteSignalDataElement-r15

GNSS-RTK-SatelliteSignalDataElement-r15 ::= SEQUENCE {


gnss-SignalID-r15




GNSS-SignalID,


fine-PseudoRange-r15



INTEGER (-524288..524287),


fine-PhaseRange-r15




INTEGER (-8388608..8388607),


lockTimeIndicator-r15



INTEGER (0..1023),


halfCycleAmbiguityIndicator-r15

BIT STRING (SIZE (1)),


carrier-to-noise-ratio-r15


INTEGER (0..1023)





OPTIONAL,


fine-PhaseRangeRate-r15



INTEGER (-16384..16383)




OPTIONAL,


...

}

-- ASN1STOP

	GNSS-RTK-Observations field descriptions

	epochTime

This field specifies the epoch time of the observations. The gnss-TimeID in GNSS SystemTime shall be the same as the GNSS-ID in IE GNSS-GenericAssistDataElement.

	svID

This field specifies the GNSS SV‑ID of the satellite for which the GNSS Observations are provided.

	[…]


#-----------------------------------------------------------------------------------------------------------------------------------------#

Proposal 10:
Add the epoch time (GNSS-SystemTime) to the IE GNSS-RTK-Observations.
3. 
Summary and Proposals
In this contribution, we discussed some of the open items listed in the email discussion report [1]. This leads to the following proposals:
Proposal 1:
Define new "High Accuracy GAD Shapes" in TS 23.032.

Proposal 2:
RAN2 should define the details of the new GAD shapes and provide the RAN2 recommendation to SA2 for inclusion in TS 23.032.
Proposal 3:
Add additional horizontal and vertical accuracy fields to the QoS IE with finer resolution. The definition/accuracy-code should be the same as for the new GAD shapes in TS 23.032 (Proposal 1).
Proposal 4:
Add a unit field to the ResponseTime and ResponseTimeNB IEs, applicable to both, time and responseTimeEarlyFix to indicate a time resolution of 10 seconds, together with corresponding capabilities.
Proposal 5:
Add an additional entry to the LocationSource IE to indicate whether HA GNSS has been used by the target device or not.
Proposal 6:
Add a new ha-gnss-Modes field to the IE A-GNSS-ProvideCapabilities to indicate to the location server the HA GNSS mode(s) supported by the target device.
Proposal 7:
The following fields in IE GNSS-RTK-Observations should be optional present:
rough-phase-range-rate-r15
fine-PhaseRangeRate-r15
Proposal 8:
Add a Provider Name character string to the GNSS-ReferenceStationID and extend the value range for the referenceStationID field.
Proposal 9:
A positive sign of the ADR measurement should indicate that the satellite is moving away from the target device; a negative sign should indicate that the satellite is moving towards the target device.
Proposal 10:
Add the epoch time (GNSS-SystemTime) to the IE GNSS-RTK-Observations.
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