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Introduction
In RAN #94 meeting, representatives agreed to expand and improve the SID research of NR positioning RP-213588 [1], including the following objectives related to carrier phase measurement:
	· Study solutions for accuracy improvement based on NR carrier phase measurements [RAN1, RAN4]
· Reference signals, physical layer measurements, physical layer procedures to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning [RAN1]
· Focus on reuse of existing PRS and SRS, with new reference signals only considered if found necessary.


In RAN1 #111 meeting, participants reached a series of agreements. In this article, we will elaborate some views on carrier phase measurement.
Some problems about carrier phase measurement and positioning were discussed in RAN1 #111 meeting. A series of consensus has been achieved, and the following results have been achieved in the multipath suppression method of carrier phase positioning [2].
	Agreement
Capture the following TP into TR 38.859 as a conclusion:
· Multipath mitigation methods for the carrier phase positioning are recommended to be introduced during normative work, if NR CPP is introduced. The candidate solutions may include, but are not limited to, the following:
· Reporting of the carrier phase of the first path
· At least reporting of the carrier phase of the first path, and optionally, the additional paths.
· The use of LOS/NLOS indication for the carrier phase measurements.
· Note: Rel-17 LOS/NLOS indicator can be considered as a starting point.
· Reporting of other channel information together with carrier phase measurements, such as existing RSRP/RSRPP.


In order to reduce the phase error caused by multipath effect in carrier phase measurement, the last meeting proposed to report the carrier phase information of the first path and the additional path, or to report, for example, RSRP/RSRPP information and use LOS/NLOS indication as a method to mitigate multipath. In this article, we provide a view on mitigating carrier phase multipath.
Carrier phase measurement - multipath mitigation
1.1 How to apply LOS/NLOS indication to reduce multipath error
In the previous meeting, regarding the use of LOS/NLOS indication in carrier phase measurement to reduce multipath, some participants proposed to use LOS/NLOS indication to distinguish LOS from multipath. However, even if the carrier phase is measured in multipath, it is still unable to correct the phase that generates multipath error. Therefore, the method of using LOS/NLOS indication to mitigate multipath should be discussed in more detail.
Proposal 1: Discuss in more detail the scheme of using LOS/NLOS indication to mitigate multipath.
2.2 Reducing multipath effect based on carrier phase analysis 
Taking CIR signal as an example, the amplitude results of reflected signal and LOS signal received by the receiver are shown in the figure:
[image: ]
Figure 1. LOS/NLOS receiving signal
The channel impulse response data in the figure above has 1016 sampling points, which are complex data composed of real part and imaginary part, so:
Observation 1: LOS signal and multipath NLOS signal often have different attenuation, time delay and carrier phase.
Based on the above observation, for general signals, we can obtain the carrier phase difference between LOS and the reflected signal generated by multipath during the signal transmission by analyzing the energy change of I and Q channel output, and then obtain the phase change ∆𝞿, and compensate the phase error through ∆𝞿 to obtain a more accurate carrier phase measurement value.
Proposal 2: Analyze the energy change of I/Q channel output to mitigate multipath.
2.3 Mitigate multipath based on signal quality
Signal quality is a general term to describe the ratio of signal power to noise power, such as SNR in practical indicators. We believe that the multipath fluctuation can be modeled as a sine signal and correlated with the signal-to-noise ratio. The parameters in the sine signal can be estimated from the signal-to-noise ratio. Based on the constructed carrier phase multipath profile, the estimated relative phase can be subtracted from the actual phase measurement to obtain a more accurate carrier phase measurement value.
We try to express the mirror multipath error in carrier phase as a function of multipath amplitude and relative phase in SNR, and the carrier phase error ∆𝞿 caused by n mirror multipath signals is expressed as:

where  is amplitude,  is the gain,  is the relative phase of the multipath signal. These parameters are estimated from the signal-to-noise ratio by modeling multipath fluctuations as sinusoidal signals, as shown in the following formula:

where parameter  is directly related to relative phase with multipath , v is noise. Then use (1) to construct the multipath profile in the carrier phase, and subtract the phase error from the actual phase measurement to obtain a more accurate carrier phase measurement value.
Therefore, for multipath mitigation based on signal quality:
Proposal 3: The carrier phase method based on UL and DL LMF should support the reporting of SNR information.
Proposal 4: UE-based carrier phase positioning should support the transmission of SNR information from LMF/PRU to UE.
Conclusion
Proposal 1: Discuss in more detail the scheme of using LOS/NLOS indication to mitigate multipath.
Observation 1: LOS signal and multipath NLOS signal often have different attenuation, time delay and carrier phase.
Proposal 2: Analyze the energy change of I/Q channel output to mitigate multipath.
Proposal 3: The carrier phase method based on UL and DL LMF should support the reporting of SNR information.
Proposal 4: UE-based carrier phase positioning should support the transmission of SNR information from LMF/PRU to UE.
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