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1 Introduction
In the RAN#94e WG meeting, the study item on expanded and improved NR positioning was approved and slightly revised [1]. One of the study item objectives is to pursue improved accuracy based on NR carrier phase measurement. 
	Objective:
· 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


Common challenges facing the phase based measurement methods include reference signal design, receiver phase measurement, discontinuous signal processing, phase error correction, etc. In this contribution, we discuss the related problems including the feasibility of reusing existed SRS and the measurement report.
2 Reference signal
On the problem of the reference signal selection, essentially, the phase can be measured on any kind of reference signal with known convention, such as the PRS and SRS-Pos in NR. For the convenience of spec modification, the PRS or SRS can be adopted as the reference signal in this solution with a slight troublesome of wipe-off operation. The possible modification on the pattern of reference signal especially the supplement of the short transmission period can be considered in order to enable the carrier phase measurement anytime without the limitation of available resource. 
Proposal 1: The existed DL-PRS or UL SRS-Pos can be the candidates for phase based positioning.
Proposal 2: The possible modification on the pattern of reference signal especially the supplement of the short transmission period can be considered.

3 Phase measurement
Since OFDM signal is multi-carrier signal, sub-carriers with different frequency produce different phase difference during the same time of flight. In other words, the phase difference of a specific sub-carrier is dependent on the distance and the frequency. Based on the insight, the integer ambiguity can be solved by the application of the Chinese remainder theory. With the increment of the number of sub-carriers, namely the increase of the bandwidth, deblurring will become more accurate. This is a significant difference from GNSS based carrier phase positioning, where a single carrier is used. Multi-carrier phase difference measurements contribute greatly to resolve the phase integer ambiguity. Therefore, the phase difference measurements of multi-carriers can be incorporated to improve accuracy.
Observation 1: OFDM signal is multi-carrier signal, hence Multiple carrier phases can be measured at different subcarriers. The phase difference of a specific sub-carrier is dependent on the distance and the frequency.
Observation 2: The increase of the number of sub-carriers, namely the increase of the bandwidth contributes to resolve the integer ambiguity, further improve the positioning accuracy.
Proposal 3: The combination of phase difference measurements of multi-carriers to solve the integer ambiguity by the application of the Chinese remainder theory can be studied.
4 Physical layer problems
We consider several problems of physical layer related to NR carrier phase positioning.
With regards to the contents of the measurement results, similar to the existed positioning solutions, we suggest the reporting of phase of arrival apart from the basic messages such as physical cell ID, global cell ID and TRP ID of the measurement. If possible, a message (metric) indicating the quality for each carrier phase measurement can also be defined. 
	Measurement results

	PCI, GCI, and TRP ID of the measurement

	Phase of arrival measurement

	Quality for each measurement


As for the time domain behavior of the measurement report, there are options including one-shot, triggered, aperiodic, semi-persistent and periodic. The semi-persistent seems to be a moderate choice for saving the signaling overhead and meeting service requirements. In addition, it is preferred for the measurement be a high-layer report with the considerations of the capacity of carrying more information and the flexibility. 
Proposal: the contents of the NR carrier phase measurement report would include phase of arrival apart from the basic messages such as physical cell ID, global cell ID and TRP ID of the measurement. If possible, a message (metric) indicating the quality for each carrier phase measurement can also be defined. 
Proposal 4:  Study the time domain behavior of the measurement report, including one-shot, triggered, aperiodic, semi-persistent and periodic.
Proposal 5: It is preferred for the measurement be a high-layer report. 
5 Conclusion
In this contribution, we discuss the carrier phase based positioning methods for performance improvement. We focus the problems including the physical layer procedures and the design of the reference signal. Based on the discussion, we have the following proposals.
Observation 1: OFDM signal is multi-carrier signal, hence Multiple carrier phases can be measured at different subcarriers. The phase difference of a specific sub-carrier is dependent on the distance and the frequency.
Observation 2: The increase of the number of sub-carriers, namely the increase of the bandwidth contributes to resolve the integer ambiguity, further improve the positioning accuracy.
Proposal 1: The existed DL-PRS or UL SRS-Pos can be the candidates for phase based positioning.
Proposal 2: The possible modification on the pattern of reference signal especially the supplement of the short transmission period can be considered.
Proposal 3: The combination of phase difference measurements of multi-carriers to solve the integer ambiguity by the application of the Chinese remainder theory can be studied.
Proposal 4:  Study the time domain behavior of the measurement report, including one-shot, triggered, aperiodic, semi-persistent and periodic.
Proposal 5: It is preferred for the measurement be a high-layer report.
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