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[bookmark: _Ref513464071]Introduction
In RAN1e109e, the following agreements for positioning based on NR carrier phase measurement were made:
	Agreement
NR carrier phase positioning performance will be evaluated at least with the carrier phase measurements of a single measurement instance.

Agreement
The impact of integer ambiguity on NR carrier phase positioning and potential solutions to resolve the integer ambiguity will be studied in the SI.

Agreement
The study of the accuracy improvement based on NR carrier phase measurements in Rel-18 SI may include:
· UE-based and UE-assisted carrier phase positioning,
· UL carrier phase positioning and DL carrier phase positioning.
· NR carrier phase positioning with the carrier phase measurements of one carrier frequency or multiple frequencies
· Combination of NR carrier phase positioning with another standardized Rel. 17 positioning method, e.g., DL-TDOA, UL-TDOA, Multi-RTT, etc.
· Note: The use of “carrier phase positioning” does not necessarily mean it is a standalone positioning method
· FFS: whether SL carrier phase positioning is to be discussed in Rel-18 SI 

Agreement
· The impact of multipath for the carrier phase positioning will be evaluated during the SI 
· The methods of mitigating the impact of multipath for the carrier phase positioning will be studied during the SI, if it is considered to be necessary after the evaluation.

Agreement
· Reuse the simulation assumptions of NR Rel-16/17 for carrier phase positioning
· Note: Optional modification of the simulation assumptions defined in NR Rel-16/17 are allowed only if needed. 
· The evaluation scenarios:
· Baseline: InF-SH, InF-DH
· Optional: IOO, Umi, Highway
· Note 1: Other evaluation scenarios are not precluded.
· Note 2: Existing Rel-17 DL/UL reference signals in Uu interface is to be used for the Highway scenario.
· Frequency range: 
· Baseline: FR1
· Optional: FR2

Agreement
· In addition to the evaluation assumptions of NR Rel-16/17, the following error sources may also be considered during the evaluation:
· Phase noise (FR2)
· CFO/Doppler
· Oscillator-drift
· Transmitter/receiver antenna reference point location errors
· Transmitter/receiver initial phase error
· Phase center offset
· Note: Other error sources are not precluded
· Note: UE mobility can be considered in the evaluations
· Note: one or more error sources can be evaluated jointly
· Note: companies should provide the error sources model with their evaluations

Agreement
· For the purposes of discussion, for NR downlink and/or uplink carrier phase positioning, the carrier phase (CP) at a RF frequency at a receiver is a phase that is a function of the signal propagation time from an Tx antenna reference point of a transmitter (e.g., a TRP or a UE) to a Rx antenna reference point of the receiver (e.g., a UE or a TRP).
· The propagation time can be expressed in a fractional part of a cycle of the RF frequency and a number of integer cycles, but the CP may be independent of the number of integer cycles. 

Agreement
The use of PRUs to facilitate NR carrier phase positioning can be evaluated in the SI by RAN1.



In this contribution, we discuss design aspects for carrier phase-based positioning.
[bookmark: _Hlk101726869]Phase measurements for SL positioning
In RAN1#109e, whether phase-based positioning for SL positioning should be included in the study was discussed. One of the agreements made in RAN1#109e identifies potential error sources for phase-based positioning, namely, phase noise, Doppler, phase error, antenna location errors. In SL positioning, both target and anchor UE(s) may be mobile and Doppler shift may be included in measurements. In addition, unknown phase offset may be present in Tx/Rx hardware at the UEs. If not treated, these error sources may degrade quality of phase measurements significantly. 
Thus, it may be more fruitful if the solutions for phase-based positioning for Uu link are solidified during Rel. 18 and developed framework is applied to SL positioning in a future release. Thus, the following proposal is made.
Proposal 1: Postpone the study of SL carrier phase positioning to a future release beyond Rel. 18.
Design aspects for phase-based positioning
Positioning using phase measurements
In GNSS, carrier phase measurements are used for positioning [2,3]. For phase-based positioning, phase difference-based positioning can be considered. For example, based on phase difference of one PRS, transmitted from a TRP, between two received antennas, distance between UE and TRP can be estimated using antenna geometry [2]. Alternatively, two TRPs can transmit two PRSs, which can be differentiated by scrambling codes or polarization if they are transmitted using the same time-frequency resource, and the UE can measure phase difference between the received PRSs. Thus, the following proposal is made.
Proposal 2: Study transmission and reception modes (e.g., 2 TX 1RX, 1Tx 2 RX) for phase-difference based positioning
In addition, how phase measurement-based positioning can be configured for the UE should be discussed. In NR, both timing and angle-based positioning have been specified. Phase measurements can serve as assisting measurements which means that phase-based positioning is configured jointly with other positioning methods, e.g., DL-TDOA. Since phase information can be obtained through timing measurements, it is straightforward to associate of RSTD and phase measurements. In addition, similar to GNSS, carrier phase only measurements-based positioning should also be supported for scenarios where both TX and RX are calibrated. Thus, the following proposal is made.
Proposal 3: For DL-based positioning, at least the following positioning methods should be supported : NR carrier phase positioning and joint carrier phase and DL-RSTD
In phase-based positioning, differential or double-differential of phase measurements is used for positioning to eliminate unknown phase offset present in the measurements. For this purpose, for the UE to compute phase difference, transmitted PRS resources targeted for phase-difference based positioning, should share the common or similar unknown phase offset characteristics. Thus, a mechanism to include information indicating that PRS resources share similar unknown phase characteristics should be studied. 
One possible approach is to specify a phase error group. PRS resources in the same phase error group may share similar unknown phase offset (e.g., PRSs are transmitted from the same amplifier). Knowing that the PRS resources share similar unknown phase offset characteristics may allow the receive to implement differential or double-differential phase calculation to mitigate residual phase in the measurements.
Proposal 4:  Study assistance information that allows the UE or network to mitigate unknown phase offset in phase measurements, e.g., phase error group.
Reference signal design for phase measurements
In GNSS, carrier signals modulated by pseudo noise sequences are used for positioning [3, 6]. In NR, PRS are design with N-comb patterns and N OFDM symbols are placed in a slot for positioning purpose. In the comb pattern, PRS is not placed continuously in a carrier across OFDM symbols. Thus, consistent carrier phase measurement is not possible. 
PTRS is specified in NR for both DL and UL [4]. It is possible to use PTRS for phase measurements. However, since PTRS are multiplexed with data, continuous placement of RS in the time domain is not possible. In addition, configurations of PTRS are associated with DMRS [4] which limits flexibility in PTRS configuration. Thus, there is a need to place PRS in the time domain such that phase of the received signal can be measured accurately. In addition, if more than one PRSs are transmitted at the same time-frequency resource, there should be a mechanism to differentiate the transmitted PRSs by the receiver, i.e., multiplexing via pseudo random code.
Proposal 5: Study new PRS designs for carrier phase measurements for UL and DL
Proposal 6: A method to differentiate multiple PRSs, if they are transmitted at the same time-frequency resource, should be identified
Measurements
Reporting contents
Finally, the UE should include phase difference measurements in the report. The UE needs to include information related to the reference PRS in the report, if it is not configured by the network. In addition, in the presence of integer ambiguity [6, 7] due to transmission sources located beyond one cycle of the wavelength of the carrier, the UE can report estimated number of cycles of the received carrier.
Proposal 7: Study contents of the measurement report for phase-difference based positioning.
Measurements for integer ambiguity
In the last RAN1 #109e meeting, RAN1 agreed to further study the impact and potential solutions to solve the integer ambiguity problem. Specifically, the propagation time between the transmitter and the receiver can be determined as the summation of the number of cycles and the fractional part of a cycle. However, for phase measurement, the UE can measure the fractional part of a cycle only and the number of cycles is not measurable. Precisely determine the number of cycles is crucial for the accuracy of the carrier phase positioning since if the number of cycles is not determined accurately, the carrier phase measurement at the UE, which measures the fractional part of the cycle, is not meaningful. 
To solve the integer ambiguity problem, the UE can be configured to measure multiple frequencies in a measurement window. For each frequency of DL-PRS, the UE may acquire one carrier phase measurement (e.g., one fractional part of a cycle). The UE then can determine the propagation time by combining multiple carrier phase measurement results in multiple frequencies of DL-PRS (e.g., by solving a linear programming problem). 
Proposal 8: Support the UE to perform PRS measurement in multiple frequencies in one measurement window.
For UE-based carrier phase positioning, the UE can derive the propagation time and the distance to the TRP based on the set carrier phases measured in different frequencies in one measurement window. However, for UE-assisted, LMF needs to derive the location of the UE. Therefore, the phase measurement in multiple frequencies should be reported to the LMF. Specifically, the UE should report the phase measurement of DL-PRS transmitted in multiple frequencies in one measurement report.
Proposal 9: Support the UE to report the phase measurement in multiple frequencies in one measurement reporting.
Use of PRU
During Rel. 17, a use of PRU (Positioning Reference Unit) [5] was discussed such that timing/antenna parameters can be calibrated to eliminate unknow phase/time offset in measurements. In TS 38.305, PRU is defined as a UE with a known location [5]. Using the measurements (e.g., RSTD, phase measurements) returned by PRU, double differential processing can be used to eliminate unknown timing/phase offset. Furthermore, if PRUs are located nearby the UE, it is possible to resolve or eliminate integer ambiguity in the measurement based on the measurements from the PRU. Thus, the following proposal is made.
Proposal 10: Support PRU for NR carrier phase-based positioning
UE-based vs. UE-assisted NR carrier phase positioning methods
In UE-assisted NR positioning, the UE makes measurements on the received PRS and reports the measurements to the LMF.  In UE-based NR positioning, the UE makes measurements on the received PRS and determines its position based on the measurements. Similarly, for NR carrier phase positioning, UE-based positioning is feasible if the UE obtains phase measurements from the received PRS. The measurements from PRU can be useful if there are unknown phase offset present/integer ambiguity in the received PRS. Thus, the following proposals are made:
Proposal 11: Support both UE-based and UE-assisted NR carrier phase positioning
Proposal 12: Study a mechanism to transfer measurements from the PRU to the UE in UE-based positioning
Conclusion.
In this contribution, the following proposals are made for positioning based on NR carrier phase measurement:
Proposal 1: Postpone the study of SL carrier phase positioning to a future release beyond Rel. 18.
Proposal 2: Study transmission and reception modes (e.g., 2 TX 1RX, 1Tx 2 RX) for phase-difference based positioning
Proposal 3: For DL-based positioning, at least the following positioning methods should be supported : NR carrier phase positioning and joint carrier phase and DL-RSTD
Proposal 4:  Study assistance information that allows the UE or network to mitigate unknown phase offset in phase measurements, e.g., phase error group.
Proposal 5: Study new PRS designs for carrier phase measurements for UL and DL
Proposal 6: A method to differentiate multiple PRSs, if they are transmitted at the same time-frequency resource, should be identified
Proposal 7: Study contents of the measurement report for phase-difference based positioning.
Proposal 8: Support the UE to perform PRS measurement in multiple frequencies in one measurement window.
Proposal 9: Support the UE to report the phase measurement in multiple frequencies in one measurement reporting.
Proposal 10: Support PRU for NR carrier phase-based positioning
Proposal 11: Support both UE-based and UE-assisted NR carrier phase positioning
Proposal 12: Study a mechanism to transfer measurements from the PRU to the UE in UE-based positioning
Reference
[1] RAN1 Chairman’s note, RAN1#109e, May 2022
[2] R. A. Brown, “Instantaneous GPS attitude determination,” IEEE Aerospace and Electronic Systems Magazine, vol. 7, no. 6, June 1992, pp. 3-8, 
[3] P. Axelrad, C. J. Comp and P. F. Macdoran, “SNR-based multipath error correction for GPS differential phase,” IEEE Trans. On Aerospace and Electronic Systems, vol. 32, no. 2., April 1996, pp. 650-660.
[4] TS 38.211, “Physical channels and modulation,” ver. 16.5.0, March 2021.
[5] 3GPP TS 38.305, “NG Radio Access Network (NG-RAN); Stage 2 functional specification of User Equipment (UE) positioning in NG-RAN (Release 17), v17.0.0, March 2022
[6] F. V. Diggelen, “A-GPS : Assisted GPS, GNSS and SBAS,” Artech House, 2009.
[7] P. Henkel, “Reliable Carrier Phase Positioning”, Ph.D. Dissertation, Technical University of Munich, July 2010


