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Introduction
Some problems about NR carrier phase enhanced positioning were discussed in RAN # 110 meeting. Some consensus has been reached and summarized as follows [1]:
	Agreement
The existing DL PRS and UL SRS for positioning can be re-used as the reference signals to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning. 
· FFS: Whether to consider enhancements of the existing DL PRS and UL SRS for better positioning performance
Agreement
For UE-assisted NR carrier phase positioning, at least consider the following options 
· the difference between the carrier phase measured from the DL PRS signal(s) of the target TRP and the carrier phase measured from the DL PRS signal(s) of the reference TRP.
· the carrier phase measured from the DL PRS signal(s) of a TRP
Agreement
For UL UE-assisted NR carrier phase positioning, at least consider the carrier phase measured from the UL SRS for positioning purpose.
· Note: The use of MIMO SRS for positioning purpose is transparent to UE.
Agreement
Add the following note to the previous agreement on error modelling of the initial phase:
· Note: The initial phases of a transmitter for different carriers can be assumed to be independent of each other. Similarly, the initial phases of a receiver for different carriers can be assumed to be independent of each other.


In this paper, we will propose our own views on error elimination and integer ambiguity resolution in NR carrier phase positioning.
Dual frequency carrier phase differential positioning
1.1 Dual frequency band selection
5G signal can realize large bandwidth communication, up to 100M. Based on this, select two non overlapping segments within 100M bandwidth as positioning resources, and receive dual frequency signals. The location resource allocation diagram is as follows:
[image: ]
As shown in the figure above, in the 100 megabyte bandwidth communication signal, two frequency domain continuous time-frequency resources are selected for positioning, wherein RBi -RBi+k1 is the positioning resource corresponding to frequency band f1, f1 is the starting frequency corresponding to RBi, RBj -RBj+k2 is the positioning resource corresponding to frequency band f2, and f2 is the starting frequency corresponding to RBi. 
Observation 1: 5G signal can realize high bandwidth transmission, so two discontinuous time-frequency resources in frequency domain can be selected from the 100 megabyte bandwidth for the broadcast of positioning signal to achieve dual frequency carrier phase differential positioning and obtain higher positioning accuracy.
Proposal 1: Selecting two non overlapping continuous subcarriers in the frequency domain for positioning resource allocation can realize carrier phase dual frequency broadcasting.
1.2 Double difference
In the process of TRP and UE transmitting and receiving signals, there is a certain degree of timing error at the transmitter and receiver. This timing error is unknown to the equipment and will cause positioning deviation. Therefore, the dual frequency and dual difference model can be used to eliminate the clock difference of the base station and the receiver and achieve high-precision carrier phase positioning.
[image: ]
Observation 2：In the process of using carrier phase to locate, the clock difference between the base station and the receiver will seriously affect the location performance.
Proposal 2：The base station can be set to broadcast differential information to realize double frequency and double difference carrier phase positioning.
1.3 Ambiguity degree of wide and narrow roadway combination
The 5G signal can obtain accurate carrier phase difference information after double frequency and double difference processing, but there is still integer ambiguity, which makes the positioning result inaccurate. Therefore, the method of wide lane and narrow lane combination can be adopted, among them, wide roadway combination is:


Narrow roadway combination:


It is easier to calculate the integer ambiguity by using the long wavelength of the money combination, and the measurement error is effectively reduced by using the short wavelength of the narrow lane combination.
Observation 3：When the carrier phase is linearly combined, the integer ambiguity can be easily calculated with long wavelength, and the measurement error can be reduced with short wavelength.
[bookmark: _GoBack]Proposal 3：After the carrier phase is processed with double frequency and double difference, the method of wide lane and narrow lane combination is used to solve the integer ambiguity and obtain more accurate positioning results.
Summary
Observation 1: 5G signal can realize high bandwidth transmission, so two discontinuous time-frequency resources in frequency domain can be selected from the 100 megabyte bandwidth for the broadcast of positioning signal to achieve dual frequency carrier phase differential positioning and obtain higher positioning accuracy.
Proposal 1: Selecting two non overlapping continuous subcarriers in the frequency domain for positioning resource allocation can realize carrier phase dual frequency broadcasting.
Observation 2：In the process of using carrier phase to locate, the clock difference between the base station and the receiver will seriously affect the location performance.
Proposal 2：The base station can be set to broadcast differential information to realize double frequency and double difference carrier phase positioning.
Observation 3：When the carrier phase is linearly combined, the integer ambiguity can be easily calculated with long wavelength, and the measurement error can be reduced with short wavelength.
Proposal 3：After the carrier phase is processed with double frequency and double difference, the method of wide lane and narrow lane combination is used to solve the integer ambiguity and obtain more accurate positioning results.
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