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Introduction
In Rel-16 native NR, positioning support was standardized, and in Rel-17, enhancements were made. At RAN#94, a new SI “Study on expanded and improved NR positioning” was approved for enhancements for Rel-18 NR positioning [1]. This contribution discussed our views related to Carrier Phase Measurement. The objective of the SID is: 
· 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]
· [bookmark: _Hlk510705081]Focus on reuse of existing PRS and SRS, with new reference signals only considered if found necessary

Agreement (RAN1#109e)
· The use of PRUs to facilitate NR carrier phase positioning will be studied in the SI.

Agreement (RAN1#109e)
· 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 (RAN1#109e)
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 (RAN1#110)
For the evaluation of NR carrier phase positioning, UE position can be calculated by the use of the carrier phase measurements obtained at the M sequential time instances, where,
0. Baseline: 
0. M=1
0. Optional: 
1. M=4
1. Other values of M 
0. Companies should report their assumptions on UE mobility (e.g. speed)


This contribution provides our view on the carrier phase-based positioning study. 
Discussion
Carrier Phase positioning method
The Carrier phase measurement technique will use the phase measurement from multiple TRP to estimate the location of the target UE/s. Here TRP will transmit the positioning reference signal (PRS), and the target UE will receive the PRS and measure the channel tap and corresponding phase. This phase will be a function of the distance traveled wrapped by the wavelength.
𝑑 = λ*(𝑁+Φ/2𝜋), 
where N is the integer number of cycles of wavelength and Φ is the estimated phase at receiver such that  
As the DL-TDOA method, the phase can be measured as the difference between the two TRP phases. One of the TRP will be the reference TRP provided/assigned by LMF. This will eliminate the clock errors in the target UE. 
Proposal 1: Carrier phase difference measurement should be used as measurement quantity for carrier-phase positioning. 
TDOA can be provided along with phase differences to give additional information to joint positioning using TDOA and CP positioning. In most practical cases, it will be perturbed by the various error sources. In the last meeting, great effort was carried out to define the error sources for the simulation. The error sources are phase noise, the initial phase at transmitter and receiver due to CFO, oscillator drift, antenna reference point error, phase center offset (PCO), etc. This error will cause inaccuracy in the phase measurement resulting in degradation in positioning accuracy. Therefore it is necessary to compensate. 
Rel 17 positioning reference UE (PRU) is defined for measurement calibration purposes. The same can also be used to correct a few of the errors in phase measurement. LMF will collect the phase measurement from PRU whose location is known and used along with target UE measurements to compensate for the error and smooth the phase measurements from target UE. 
Observation 1: PRU can act as an effective node for correcting the errors in the phase measurements for carrier phase-based measurements.
Proposal 2: PRU should be used to remove the measurement error across TRPs for at least synchronization and clock errors in TRP for carrier phase-based measurements.
Integer Ambiguity for Carrier Phase measurement
As shown in the last section, the carrier phase is the function distance between the transmitter and receiver wrapped by the wavelength. Phase measurements have a resolution of 1% to 5%; if the carrier frequency is high enough, e.g., 3.5GHz in FR1, the wavelength is in the order of a few cm, and the error margin is in a few millimeters, the ambitious integer numbers (N) of wave cycles traveled between transmitter and receiver should be known accurately in carrier phase-based positioning. In the last meeting, different options for integer ambiguity detection were discussed. The final proposal in the moderator summary on this is as follows,
· Further study the effectiveness of the following candidate options for the integer ambiguity and NR carrier phase positioning:
· Option 1: based on the carrier phase obtained the carrier phase measurements of multiple carrier frequencies of the (sub)carriers, which may or may not be within one carrier bandwidth; 
· Option 2: based on the TOA obtained from the phase-difference of multiple subcarriers within a carrier bandwidth
· Option 3: based on one single or the combination of existing measurements (e.g., RSTD, RTOA, etc.)
· Option 4: based on the slope of the carrier phase measurement with respect to frequency
· Option 5: LMF configures/reports the potential integer ambiguity value(s) to UE for UE-based positioning. UE reports the potential integer ambiguity value(s) to LMF for UE-assisted positioning.
· Option 6: combination of above approaches
· Note: Other solutions are not precluded.
· Identify the potential impacts of the candidate solutions on the specification and UE/gNB implementation (e.g., the information related to the search range of the integer ambiguity from the UE/TRP to the LMF).

Out of these options, option 2,3,4, and 6 looks promising, but the standardization effort should be further studied in this SI.
Proposal 3: For integer ambiguity detection, at least the following options should be studied:
· Option 1: based on the TOA obtained from the phase-difference of multiple subcarriers within a carrier bandwidth
· Option 2: based on one single or the combination of existing measurements (e.g., RSTD, RTOA, etc.)
· Option 3: based on the slope of the carrier phase measurement with respect to frequency
· Option 4: combination of above approaches 

Target Performance Requirements for Carrier Phase Positioning
Positioning accuracy is expected to increase significantly with the NR carrier phase measurements, provided all error sources are compensated to a reasonable level, e.g., integer ambiguity, ARP, etc. The positioning accuracy is the fraction of the carrier wavelength, i.e., in the centimeters under the assumption. Therefore requirements can be set to a very high value. But as the phase measurement is sensitive to the error sources, achieving such accuracy all time for all types of UEs is challenging. The proposal discussed in the last meeting was,
· For the purpose of evaluation, the following target accuracy requirement is considered for NR carrier phase positioning:
· Horizontal position accuracy (<2 cm for [X%]) of Ues 
· FFS: X%

We believe 2 cm is too ambitious in practical scenarios, and keeping X as 50% for less accuracy is very counterproductive. We preference to keep horizontal accuracy < 10cm for 80% Ues.
Proposal 4: For the purpose of evaluation, the following target accuracy requirement is considered for NR carrier phase positioning:
· Horizontal position accuracy (<10 cm for 80%) of UEs


Conclusion
This paper provides the following observations and proposals.
Observation 1: PRU can act as an effective node for correcting the errors in the phase measurements for carrier phase-based measurements.
Proposal 1: Carrier phase difference measurement should be used as measurement quantity for carrier-phase based positioning. 
Proposal 2: PRU should be used to remove the measurement error across TRPs for at least synchronization and clock errors in TRP for carrier phase-based measurements.
Proposal 3: For integer ambiguity detection, at least the following options should be studied:
· Option 1: based on the TOA obtained from the phase-difference of multiple subcarriers within a carrier bandwidth
· Option 2: based on one single or the combination of existing measurements (e.g., RSTD, RTOA, etc.)
· Option 3: based on the slope of the carrier phase measurement with respect to frequency
· Option 4: combination of above approaches 

Proposal 4: For the purpose of evaluation, the following target accuracy requirement is considered for NR carrier phase positioning:
· Horizontal position accuracy (<10 cm for 80%) of UEs
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