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Introduction
One objective for the agreed and revised work item [1] is to provide support for Real Time Kinematic (RTK) GNSS 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. 

In case of UE-assisted RTK GNSS, the UE is required to send code and carrier phase measurements to the location server and hence in this contribution we intend to explain the required additions to 36.214 in terms of UE-assisted GNSS RTK positioning. 
Discussion
A GNSS receiver determines the travel time of a signal from a satellite by comparing the "pseudo random code" it's generating, with an identical code in the signal from the satellite. The receiver "slides" its code later and later in time until it syncs up with the satellite's code. The amount it must slide the code is equal to the signal's travel time. The problem is that the bits (or cycles) of the pseudo random code are so wide they aren't perfectly synced. As a result, code measurements are precise to the meter level.

The carrier phase measurement is a measure of the range between a satellite and receiver expressed in units of cycles of the carrier frequency. This measurement can be made with very high precision (of the order of millimeters), but the whole number of cycles between satellite and receiver is not measurable [2].

Figure 1 compares the carrier-phase and code measurements. As it is observable in the figure, the carrier frequency is hard to count because it's so uniform. Every cycle looks the same. The pseudo random code on the other hand is intentionally complex to make it easier to become distinguishable. Therefore, to efficiently exploit the carrier-phase measurement, it is best to use the code-phase measurement to get close to some level of accuracy and have only few wavelengths of carrier to determine which cycle really marks the exact timing pulse. 


[image: https://qph.ec.quoracdn.net/main-qimg-c227f0f9a903bf7963caec2a0c0253ed]
Figure 1: Carrier phase and code phase measurement comparison 

In UE-assisted RTK GNSS, the UE sends its code and carrier phase measurements for each satellite to the location server (i.e. E-SMLC), 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 very straight forward. 
For code phase measurement, there is already UE measurement defined in [3] as it is indicated below:

[bookmark: _Toc477438359]5.1.14    UE GNSS code measurements

	Definition
	The GNSS code phase (integer and fractional parts) of the spreading code of the ith GNSS satellite signal. The reference point for the GNSS code phase shall be the antenna connector of the UE.

	Applicable for
	Void (this measurement is not related to E-UTRAN/UTRAN/GSM signals; its applicability is therefore independent of the UE RRC state)



Code phase measurement is already defined as UE measurement in TS 36.214 [3].

In LPP signalling [4], there is already support for reporting “adr” which stands for Accumulated Delta Range and is a measurement/estimate of the carrier phase of the GNSS carrier measured by the UE. This measurement is not defined in the current version of 36.214. Moreover, there can be more details about the measurement that needs to be reported even in the LPP signalling. Therefore, we propose to have UE GNSS  carrier phase measurement defined in [3].

There is no UE GNSS carrier phase measurement defined in TS 36.214.

The carrier phase measurement will contain few integer cycles and thefractional carrier phase measurement, since the integer cycle ambiguity prevents an actual range measurement. The UE-assisted RTK will let the ambiguity resolution take place in the location server instead. It is like having a 20 cm school ruler with mm-readings, and the measurement is the mm-reading, but the integer number of school rulers up to the satellite is unknown. The code phase can help telling approximately how many rulers are needed, but we still will have an unknown 10-20 rulers.


[bookmark: _Hlk489533292]The ambiguity resolution of the carrier phase UE measurement will be computed at the location server for UE-assisted RTK GNSS.

The carrier phase measurement is only meaningful with the presence of UE GNSS code measurement.

The following addition has been considered in CR R1-1713315:

5.1.xx	UE GNSS carrier phase measurements

	Definition
	The GNSS carrier phase (of few integer cycle and fractional parts) of the spreading carrier frequency pulse of the ith GNSS satellite signal. The reference point for the GNSS carrier phase shall be the antenna connector of the UE.

	Applicable for
	Void (this measurement is not related to E-UTRAN/UTRAN/GSM signals; its applicability is therefore independent of the UE RRC state)


NOTE:      The measurement is made only in combination with the UE GNSS code measurements.

Proposal 1     UE GNSS carrier phase measurements can be defined in TS 36.214 according to CR [5]. 

[bookmark: _GoBack]Conclusion
Here is the list of observations and proposals for this contribution:

1. Code phase measurement is already defined as UE measurement in TS 36.214 [3].
1. There is no UE GNSS carrier phase measurement defined in TS 36.214.
1. The ambiguity resolution of the carrier phase UE measurement will be computed at the location server for UE-assisted RTK GNSS.
1. The carrier phase measurement is only meaningful with the presence of UE GNSS code measurement.

Proposal 1     UE GNSS carrier phase measurements can be defined in TS 36.214 according to CR [5]. 
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