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Introduction
In RAN#98-e meeting, a new WID on expanded and improved NR positioning was approved [1], in which the application of NR positioning is further expanded to enable sidelink positioning and ranging, improved accuracy, integrity and power efficiency, and positioning for RedCap UEs. To further improve positioning accuracy, the following objectives on carrier phase positioning were identified:
	· Specify physical layer measurements and signalling to support NR DL and UL carrier phase positioning for UE-based, UE-assisted, and NG-RAN node assisted positioning [RAN1, RAN2, RAN3, RAN4].
· Existing DL PRS and UL SRS for positioning are used for NR carrier phase measurements.
· Specify measurements that are limited to a single carrier/PFL. 
· Specify corresponding new core requirements, as well as identifying and specifying the impact on the existing RAN4 specification, including RRM measurements without measurement gaps in connected and inactive mode (including PRS measurement period/reporting) and procedures [RAN4].



In this contribution, we provide our initial views on carrier phase positioning.

Discussion
[bookmark: _Ref31533076]Carrier phase positioning technology, as a high-resolution method to improve the positioning accuracy, is widely used in global navigation satellite systems (GNSS). However, the carrier phase positioning has not applied to the cellular network. 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.
However, to achieve the ideal performance of carrier phase positioning, the following challenges needs to be studied and overcame:
a) The phase synchronization error degrades the accuracy performance;
b) Negative impact of complicated propagation environment (e.g., NLOS, multipath) on the phase error;
c) Fast search of the integer ambiguity.

2.1 Carrier phase measurement
Based on the discussion in previous RAN1 meetings, it was notified that companies shared different views on how to measure the carrier phase. One, similar to that adopted in GNSS, is to use the phase-locked loop to measure the phase information of received signal. However, considering the TDD system, the discontinuous of carrier phase will cause the cycle jump, and solutions to solve this issue should be further studied. On the other hand, the carrier phase measurement can also be obtained by baseband signal in frequency or time domain. 
Suppose that the CIR is estimated based on PRS, which is expressed as








where is the PRS with N as the FFT size,  is the received signal,  is the sampled propagation delay of the l-th path, and  is the carrier phase of the l-th path.


Based on the TOA estimation of the first paths , the channel frequency response of subcarrier  can be approximated as:


The carrier phase measurement can be written as:



Based on ,  the relationship between the carrier phase and the transmission delay is expressed as






where   is the unknown integer ambiguity, and  is the phase noise. It shows that the propagation delay of the direct path is reflected in the carrier phase.
Observation 1: The carrier phase measurement can be obtained in frequency domain or time domain of the base band signal.
Observation 2: By estimating the first path, the carrier phase measurement in time domain can help suppress the impact of multipath.

2.2 Differential carrier phase measurements
As mentioned at the beginning of this section, to attain the theoretically cm-level positioning accuracy, the carrier phase synchronization errors should be ideally eliminated. In RAN1#109-e meeting, the following agreement was made to consider the use of PRU in the evaluation of carrier phase positioning:
	Agreement
The use of PRUs to facilitate NR carrier phase positioning can be evaluated in the SI by RAN1.



The use of PRU, which is similar as the reference stations deployed for carrier phase based RTK positioning, can be adopted to estimate and mitigate the carrier phase synchronization errors  between TRPs.


Proposal 1: For carrier phase positioning, the double differential carrier phase measurement should be considered to eliminate the inter TRP carrier phase synchronization errors.
· The double differential carrier phase measurement can be obtained by the use of PRU.

2.3 Integer ambiguity
For the performance of the carrier phase positioning, one of the key issues that is identified is how to accurately and fast search the integer cycle of the carrier phase. 
On this issue, our preliminarily think that potential solutions to narrow down the search space of the unknown integer ambiguity should be studied. For instance, as discussed in the last RAN1 meeting, the carrier phase measurement obtained from more than one subcarriers to formulate the “virtual wavelength” and to assist the fast search of the integer ambiguity. On the other hand, some hybrid methods of using both the existing positioning method and carrier phase positioning can also be considered. By using the existing positioning method, the integer ambiguity can be coarsely estimated and therefore narrows down the search space of the carrier phase measurement. This is also related to another open issue of whether carrier phase positioning refers to a standalone positioning technique or a hybrid one. 
Proposal 2: At least the following solutions to solve the integer ambiguity are considered feasible:
· Fast search of integer ambiguity of the carrier phase obtained from more than one subcarriers;
· Fast search of integer ambiguity of the carrier phase associated with the legacy positioning techniques.

Conclusions
In this contribution, we provide our views on the carrier phase positioning, and the following observations and proposals are made:
Observation 1: The carrier phase measurement can be obtained in frequency domain or time domain of the base band signal.
Observation 2: By estimating the first path, the carrier phase measurement in time domain can help suppress the impact of multipath.

Proposal 1: For carrier phase positioning, the double differential carrier phase measurement should be considered to eliminate the inter TRP carrier phase synchronization errors.
· The double differential carrier phase measurement can be obtained by the use of PRU.
Proposal 2: At least the following solutions to solve the integer ambiguity are considered feasible:
· Fast search of integer ambiguity of the carrier phase obtained from more than one frequency;
· Fast search of integer ambiguity of the carrier phase associated with the legacy positioning techniques.
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