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Introduction
In RAN- 94 e-meeting, the SI of Rel-18 positioning [1] is approved, and the objectives on improved accuracy, integrity, and power efficiency can be seen as below:
· Improved accuracy, integrity, and power efficiency:
· Study solutions for Integrity for RAT dependent positioning techniques [RAN2, RAN1]:
· Identify the error sources, [RAN1, RAN2].
· Study methodologies, procedures, signalling, etc for determination of positioning integrity for both UE-based and UE-assisted positioning [RAN2]
· Focus on reuse of concepts and principles being developed for RAT-Independent GNSS positioning integrity, where possible.
· Study solutions for accuracy improvement based on PRS/SRS bandwidth aggregation for intra-band carriers considering e.g. timing errors, phase coherency, frequency errors, power imbalance, etc [RAN4]:
· 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
· Study the requirements on LPHAP as developed by SA1 and evaluate whether existing RAN functionality can support these power consumption and positioning requirements. Based on the evaluation, and, if found beneficial, study potential enhancements to help address any limitations [RAN2, RAN1]
· Study is limited to a single representative use case (use case 6 as defined TS 22.104). The choice of selected use case can be reviewed at the start of the study.
· Study is limited to enhancements to RRC_INACTIVE and/or RRC_IDLE state
In this contribution, we focus on the discussion on solutions for accuracy improvement based on NR carrier phase measurements.  
Carrier phase 
Carrier phase principle 
The principle of carrier phase based positioning can be seen in Figure 1. Take DL for example, TRPs transmit PRS and UE measures carrier phase of each PRS from each TRP. As for the measurement of carrier phase, UE need to obtain the phase of each PRS by PLL. But it cannot obtain the number of integer multiples of the carrier wavelength, which is called as integer ambiguity. It is similar as time based positioning method, UE cannot obtain the absolute transmission time between TRP and UE by one trip. It can only obtain the time difference of each TRP unless RTT is used. Thus for absolute carrier phase measurement, it is necessary to solve the problem of integer ambiguity and obtain the number of integer multiples of the carrier wavelength. Else, the other way is to use the relative carrier phase measurement between TRPs or different times.


Figure 1: carrier phased based positioning
Absolute carrier phase measurement
Integer ambiguity
In RAN1-109 e-meeting [2], the following agreements are archived on the definition of carrier phase positioning and integer ambiguity.
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 impact of integer ambiguity on NR carrier phase positioning and potential solutions to resolve the integer ambiguity will be studied in the SI.
In order to solve the problem of integer ambiguity and obtain the number of integer multiples of the carrier wavelength, refer to [3], multiple carrier frequencies can be used. With this method, first the distance between TRP and UE need to be estimated based on, e.g., time based positioning such as TDoA. Then the number of integer multiples of the virtual carrier wavelength can be estimated with small search space. After that the accurate positioning can be calculated based on the integer multiples and the measured carrier phase of the virtual carrier wavelength. But the accuracy depends on the virtual carrier wavelength which is large than that of  and . In order to further improve the accuracy, it need to obtain the number of integer multiples of  or . Here we assume the number of integer multiples of  is  , the number of integer multiples of  is  , and the number of integer multiples of  is  .       


And the search space of  depends on . While  is the measurement error of TDoA,  is the virtual carrier wavelength which depends on the gap between  and . The smaller the gap between   and , the smaller the search space of . But The smaller the gap between   and , the larger the search space of . 
With introducing virtual carrier wavelength based on multiple carrier frequencies, there are many issues need to be studied. First the impacts on UE RF structure and requirements. For example, it is not sure the gap between  and , or the bandwidth of  and . If the NR resource grid with SCS 15KHz need to be considered, the smallest gap between  and  should be not less than 15KHz without enhancement of the resource grid of UE receiver. And if PRS is reused for DL positioning, two carrier frequencies can only be supported simultaneously by UE with capability of carrier aggregation. Else the positioning accuracy based on multiple carrier frequencies is not clear. 
Proposal 1: Study multi-carrier based carrier phase positioning as the potential solution for integer ambiguity based on UE capability.
Relative carrier phase measurement
In this section, we will discuss the relative carrier phase measurement. It includes relative carrier phase between different TRPs. 
For relative carrier phase between different TRPs, it is similar as time difference of arrival and can be seen in Figure 2. And the relative carrier phase means the carrier phase difference between PRS#1 from TRP#1 and PRS#2 from TRP#2. So the reference TRP need to be defined for relative carrier phase measurement. In addition, it is better that phase synchronization can be achieved between TRPs. Or a fixed phase shift between TRPs can be assumed. 


Figure 2, Relative carrier phase between TRPs
Proposal 2: Study relative carrier phase measurement between different TRPs.
Error sources
Phase error
In RAN1-109 e-meeting, the following agreements are archived on the error source for carrier phase positioning.
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

In order to solve the problem of integer ambiguity and as well as the clock error, double differential operation is a basic approach which can be seen in Figure 3. The requirement of double differential operation is two receivers, so the PRU introduced in R17 positioning can be used to be as the other receiver. In this case, based on the measured phase difference between TRP#1 and TRP#2 at the target UE side, and the measured phase difference between TRP#1 and TRP#2 at the PRU side, the timing error can be removed. After obtain the integer ambiguity of the double differential operation based on TRP#1 and TRP#2, TRP#1 and TRP#3, and TRP#2 and TRP#3, the location of the target UE can be estimated.
In addition to the timing error, there is also some phase error at UE and TRP side, which means the phase will be changed between baseband unit and RF unit. And the phase error may be solved by similar mechanism, i.e., based on phase error group and PRU.


Figure 3, Double differential operation
Proposal 3: Study PRU assisted carrier phase measurement for phase error mitigation.
Doppler impacts
According to the agreement in RAN1-109 e-meeting, the Doppler impacts for the carrier phase positioning should also be considered during the evaluation. Doppler shift is introduced because of the relative mobility between the transmitter and the receiver. Thus for mobile UE, the Doppler shift will be existed and the carrier frequency will be changed at the receiver side. Thus the carrier wavelength will be changed and the carrier phase will be impacted by the Doppler effect. In order to solve this problem, it is supported to report the Doppler parameters in addition to the carrier phase, or to report the carrier phase adjusted based on the Doppler parameters.
Proposal 4: Study to report the Doppler parameters combined with the carrier phase value, or to report the adjusted carrier phase value based on Doppler parameters. 
Multi-path impacts
According to the agreement in RAN1-109 e-meeting, the impact of multipath for the carrier phase positioning should be considered during the evaluation. Similar to the RSRPP defined in R17, the carrier phase for each path can also be defined. In addition to per path carrier phase, it is also better to report the likelihood of LoS path by LoS/NLoS indicator for each path carrier phase.
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.

Proposal 5: Study the carrier phase for each path and to report the likelihood of LoS path by LoS/NLoS indicator for each path carrier phase. 
Conclusion
In this contribution, we discussed about accuracy improvement based on NR carrier phase measurements. Based on above discussion, we provide the following proposals.
Proposal 1: Study multi-carrier based carrier phase positioning as the potential solution for integer ambiguity based on UE capability.
Proposal 2: Study relative carrier phase measurement between different TRPs.
Proposal 3: Study PRU assisted carrier phase measurement for phase error mitigation.
Proposal 4: Study to report the Doppler parameters combined with the carrier phase value, or to report the adjusted carrier phase value based on Doppler parameters. 
Proposal 5: Study the carrier phase for each path and to report the likelihood of LoS path by LoS/NLoS indicator for each path carrier phase. 
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