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1 Introduction
In the RAN#97e WG meeting, the study item on expanded and improved NR positioning was 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 initial phase offset elimination, integer ambiguity removal, and reference signal selection.
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: reuse the existed DL-PRS or UL SRS-Pos 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 Evaluation assumptions
Various error sources for phase based positioning simulation evaluation have been discussed in last meeting, and companies have reached a consensus on the modeling for part of the errors.
	Agreement
In the evaluation of NR carrier phase positioning, the following frequency errors can be considered, which are modeled independently for each UE and each TRP:
0. Initial Residual CFO (is the same for one measurement instances [or multiple phase measurement instances]):
0. Ideal: 0 (UE/TRP)
0. Practical: uniform distribution within 
0. [-30, +30] Hz (FR1, UE), [-100, +100] Hz (FR1, UE), 
0. [-120, +120] Hz (FR2, UE), [-400, +400] Hz (FR2, UE),
0. [-10, +10] Hz (for each TRP, FR1),
0. [-40, +40] Hz (for each TRP, FR2).
0. Oscillator-drift (is the same for one or multiple phase measurement instances for positioning fix):
1. Ideal: 0 (UE/TRP)
1. Practical: uniform distribution within [-0.1, 0.1] ppm (UE), [-0.02, +0.02] ppm (each TRP) within measurement duration
1. Note: The Doppler frequency can be determined based on the UE speed in the evaluation assumption.


Despite so many non-ideal factors that influence the performance of phase based positioning, a typical phase measurement model can be characterized as follows







Where  and  are the ideal carrier frequency and the carrier frequency offset (CFO),  is the speed of light,  and are the time offset and the initial phase offset between the transmitter and the receiver, respectively. 

To our knowledge, the key error sources that affect the phase measurement accuracy mainly including the initial phase offset, the CFO and the time offset. Therefore, it is suggested to mainly consider these error sources into the carrier phase measurement model for evaluation. The modeling of these parameters over other error sources should have high priority. Notice that the modeling of the time offset  has not been determined. 
Proposal 3: apart from the initial phase offset and the CFO, the carrier phase measurement model for positioning should mainly consider the time offset between the transceiver. 
4 Phase measurement
In this section, we focus on the elimination of the initial phase offset, and ignore other error factors. Multiple carrier phases can be measured at different subcarrier, and utilized for performance improvement of distance estimation, which essentially overcomes the integer ambiguity.
Assume that the carrier phases (to be specific, the phase difference during the time of flight) measured on multiple carriers are as follows






Where  is the frequency of the i-th carrier,  is the speed of light,  is the initial phase of the i-th carrier, which is unknown to us,  is the desired distance between the transmitter and the receiver. 
1. Multicarrier signal (OFDM signal)


For OFDM signal, since which is multi-carrier signal, all sub-carriers have the same initial phase, namely,  . Based on the insight, the integer ambiguity can be solved by the application of the Chinese remainder theory, and the variable  can be obtained by unwrap the phase and compute the slope along all sub-carriers. To be specifically, the signal model can be simplified as 


the phase difference between adjacent subcarrier is given by




Without loss of generality, we assume the subcarrier frequencies are equally spaced with the subcarrier spacing be  , and omit the subscript . considering the integer ambiguity problem, we need multiple 

Hence, the estimate for  becomes





Where the range ambiguity is equal to  . The procedure can be extended to  subcarriers. Let  denotes the phase difference between the k-th subcarrier and the (k-1)-th subcarrier, such that


Which is the same as the phase difference between the first and last subcarrier after phase-unwrapping, i.e.,


Benefit from multiple carriers, the distance estimate will be less sensitive to phase errors.
2 single carrier signal

If the signal is a single carrier signal, we can also measure the phase at multiple carriers. But the prominent difference is that the initial phase for different carrier is different and irrelevant, i.e., , which brings great difficulties to distance estimation due to booming uncertain variables. To eliminate the influence of initial phase, it is suggested to measure the phase on both sides. For example, the BS transmits signal on a specific carrier, the UE performs phase measurement on the received carrier. Following this, the UE sends back a signal to the BS on the same carrier, so that the BS can perform a phase measurement. This procedure may be repeated on multiple different carriers. Now we clarify the feasibility of this method, and explain the initial phase elimination effect.
The phase measurement obtained on the UE side is


After changing roles,



After summing the phase measured at BS and UE, the signal has traveled twice the distance  between the BS and UE, i.e., the phase difference will be


There is still a half-wavelength ambiguity, which is resolved by measuring the phase shift at two or more distinct carriers. In this case, the range ambiguity will depend on the frequency spacing of the two carriers



Which is irrelevant with the absolute frequency. Hence, the estimate for distance  is



Similar to the OFDM case, consider  carriers, the estimated distance can also be obtained as the phase difference between the first and last carrier after phase unwrapping


Based on the above analysis, we have two observations.
Observation 1: the initial phase offset between the transmitter and the receiver directly destroy the accuracy of distance estimation, which is bound to be eliminated.
Observation 2: the initial phase offset for all the subcarriers of OFDM signals is identical, while is different for carriers in the single carrier signal scheme. Therefore, the elimination of the initial phase offset for OFDM is easier than single carrier signal.
Proposal 4: support multiple carrier phase measurements, because it is benefit for integer ambiguity removal, and contribute to performance improvement of distance estimation.
Proposal 5: for the single carrier signal mechanism, support the round trip measurements of phase difference on both sides in order to eliminate the initial phase offset. 
5 Conclusion
In this contribution, we discuss the carrier phase based positioning methods for performance improvement. Based on the progress of last meeting and above discussions, we have the following proposals.
Observation 1: the initial phase offset between the transmitter and the receiver directly destroy the accuracy of distance estimation, which is bound to be eliminated.
Observation 2: the initial phase offset for all the subcarriers of OFDM signals is identical, while is different for carriers in the single carrier signal scheme. Therefore, the elimination of the initial phase offset for OFDM is easier than single carrier signal.
Proposal 1: reuse the existed DL-PRS or UL SRS-Pos 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: apart from the initial phase offset and the CFO, the carrier phase measurement model for positioning should mainly consider the time offset between the transceiver.
Proposal 4: support multiple carrier phase measurements, because it is benefit for integer ambiguity removal, and contribute to performance improvement of distance estimation.
Proposal 5: for the single carrier signal mechanism, support the round trip measurements of phase difference on both sides in order to eliminate the initial phase offset.
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