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Introduction
One objective for the agreed work item [1] is to provide support for Real Time Kinematic (RTK) positioning: 

· 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]

In RAN2#98, the following has been agreed:
· To support both UE based and UE assisted for RTK GNSS. How to support them is FFS.

There has been email discussions on the fact that some companies found the UE-assisted RTK GNSS as an unreasonable feature, and questioned the necessity of having it standardized. In this contribution, we bring the reasoning why Ericsson believes that UE-assisted RTK GNSS should be supported and to address some signalling support required which was considered as FFS. 
Discussion
While UE-based RTK GNSS is getting supported by having RTK GNSS network data broadcasted to the UEs, it is also possible to consider that UEs send their code and carrier phase measurements for each satellite to the location server via LPP, and then the location server that already contains the RTK network correction data can provide the more accurate RTK GNSS positioning to the UE. There are already code and carrier phase measurements defined for the UE and reported to the location server. Therefore, UE-assisted RTK GNSS method has already some support in the signalling and hence the effort in providing the feature is straight forward and is explained in this contribution.   

Both code and carrier phase measurements are defined in IE GNSS-MeasurementList [2].
The LPP support for UE-assisted RTK GNSS requires minimum effort.
-- 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,
	...
}

-- ASN1STOP

In this signalling “adr” stands for Accumulated Delta Range (ADR) which is the accumulated carrier phase of the GNSS carrier measured by the UE. This is an optional field in which the range is from 0 to 32767.5 with the scale factor 2-10 meters. One more parameter which is needed here is to also have the uncertainty factor of the UE measurement indicated by the UE.  

Similar to what is already available for the codePhase measurement, there should be also an adrRMSError to indicate the RMS (Root Mean Square) error value. The parameter can be specified according to a floating-point representation already defined in [2].

Proposal 1     To define adrRMSError field to represent the uncertainty of the UE for the carrier phase measurement.

One of the main use cases in positioning is when a UE is being tracked, in this scenario, to optimize the computation process, the positioning estimation is not done based on each received set of measurements, but when there is some sudden change in the UE measurement. In the current definition of “adr” field the range is defined as always, a positive value. While the doppler sign could become helpful to sort out the overflow, especially in a log file with dense samples in time, with much more sparse sampling (i.e. 1-10s), then the device maybe moving by more than one cycle in between samples and therefore neither the “lock indicator” defined in LPPe for the same application and the doppler would be sufficient to assist in handling the sparse UE measurement. We believe the “adr” field definition in its current format is inadequate for carrier phase measurement, and we suggest having negative values for the same range for adr.

Proposal 2     To add “adr” sign to allow the full range of carrier phase measurement direction. 
   
Aside from the carrier phase measurements, the code phase measurement already reported by the UE has a resolution of 2-21ms, which is in scale of decimeter accuracy, and too coarse while comparing it to the RTK observation data. As it is not possible to change the range of codePhase for the legacy UEs, there is a need to define a finer resolution for this measurement with the help of code phase delta table.  

Proposal 3     To add “delta-codePhase” which allows finer resolution of code phase measurement.

The following additions would also require addition of carrier phase measurement in 36.214 and mapping tables for increasing the resolution of delta in 36.133. Therefore, there is a need for LS to be sent to RAN1 and RAN4 WGs in order to consider these agreements from RAN2 in their work.

Proposal 4     To send an LS to RAN1 and RAN4 on the carrier phase measurement agreements.


Conclusion
Here is the list of observations and proposals for this contribution:
1. Both code and carrier phase measurements are defined in IE GNSS-MeasurementList [2].
The LPP support for UE-assisted RTK GNSS requires minimum effort.

Proposal 1     To define adrRMSError field to represent the uncertainty of the UE for the carrier phase measurement.
Proposal 2     To add “adr” sign to allow the full range of carrier phase measurement direction. 
Proposal 3     To add “delta-codePhase” which allows finer resolution of code phase measurement.
Proposal 4     To send an LS to RAN1 and RAN4 on the carrier phase measurement agreements.
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