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Introduction
In RAN#94-e meeting, a new SID on study on expanded and improved NR positioning was approved [1]. The motivation to study the GNSS-like NR carrier phase positioning to achieve higher positioning accuracy for both indoor and outdoor scenarios has been justified:
	· Improved accuracy, integrity, and power efficiency:
· 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 this contribution, we provide our initial views on the carrier phase positioning.

Discussion
[bookmark: _Ref31533076]The NR carrier phase positioning has been proposed back in Rel-16 and Rel-17 as a potential solution to improve the positioning accuracy. However, due to lack of evaluations inputs, the carrier phase positioning is not included in the Rel-16/17 work item phases.
The basic principle of carrier phase positioning is using the carrier phase to estimate the propagation delay of the first arrival path. Suppose that the carrier frequency is 3.5GHz, the wavelength of the carrier is about 0.86cm. Theoretically, the estimation performance using carrier phase is better than 10% of the wavelength, and hence a positioning accuracy of less than 0.08cm can be achieved ideally. On the other hand, when compared to the traditional timing-based positioning, of which the accuracy performance is highly dependent on the bandwidth, the carrier phase positioning may be more tolerant to narrow bandwidth.
Observation 1: The carrier phase positioning is shown with the following benefits ideally:
· More accurate time of arrival can be obtained by measuring the phase change of the carrier;
· More tolerant to bandwidth, a potential solution for Redcap positioning;
However, to achieve the ideal performance of carrier phase positioning, the following challenges needs to be studied and overcame:
· The phase synchronization error degrades the accuracy performance;
· Negative impact of complicated propagation environment (e.g., NLOS, multipath) on the phase error;
· Fast search of the integer ambiguity.
Observation 2: The following challenges needs to be studied and overcame:
· The phase synchronization error degrades the accuracy performance;
· Negative impact of complicated propagation environment (e.g., NLOS, multipath) on the phase error.
· Fast search of the integer ambiguity

Conclusions
In this contribution, we provide our views on the carrier phase positioning, and the following observations are made:
Observation 1: The carrier phase positioning is shown with the following benefits ideally:
· More accurate time of arrival can be obtained by measuring the phase change of the carrier;
· More tolerant to bandwidth, a potential solution for Redcap positioning;
Observation 2: The following challenges needs to be studied and overcame:
· The phase synchronization error degrades the accuracy performance;
· Negative impact of complicated propagation environment (e.g., NLOS, multipath) on the phase error.
· Fast search of the integer ambiguity
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