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Introduction
In RAN- 98 e-meeting, the WI of Rel-18 positioning [1] is approved, and the objectives on improved accuracy can be seen as below:
· 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 focus on the discussion on solutions for accuracy improvement based on NR carrier phase measurements.  
DL Carrier phase positioning 
In RAN1-109 e-meeting [2], the following agreements were archived on the definition of carrier phase.
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. 
In RAN1-111 meeting [3], the following agreements on relative carrier phase measurements were archived for UE-assisted NR carrier phase positioning.
Agreement
Capture the following TP into TR 38.859 as a conclusion.
Regarding the physical layer measurements for NR carrier phase positioning:
· New measurements are recommended to be introduced for supporting UE-based and UE-assisted NR carrier phase positioning, if NR CPP is introduced. The new measurements include, at least, the following:
· For DL carrier phase positioning, the following candidate measurements are identified (potential down-selection may be considered during normative work).
· the difference between the carrier phase measured from the DL PRS signal(s) of the target TRP and the carrier phase measured from the DL PRS signal(s) of the reference TRP;
· the carrier phase measured from the DL PRS signal(s) of a TRP.
· For UL carrier phase positioning, the carrier phases measured from the UL SRS for positioning purpose is identified as the UL carrier phase measurements.
· Note: this proposal does not imply which carrier phase measurements are mapped to which positioning technique
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 can only obtain the fractional part of a cycle of the RF frequency. And the carrier phase can be measured from the DL PRS of a TRP directly, as well it can also be the difference between the carrier phase measured from the DL PRS of the target TRP and the carrier phase measured from the DL PRS of the reference TRP. As for the reference TRP, the legacy configuration can be reused for carrier phase based positioning. 
For UE-assisted carrier phase positioning, UE need to send the measurement report to LMF after obtain the carrier phase from each PRS.


Figure 1: carrier phased based positioning
Proposal 1: Support UE to report carrier phase of each PRS or the carrier phase difference between PRS from reference TRP and target TRP.
The number of symbols for legacy PRS can be 2, 4, 6 and 12. And the largest periodicity for PRS is 10240ms. While for carrier phase tracking, it may need some time for UE. And different UE may need different time duration and can support different periodicity for PRS. In this case, it is better to support UE to report the minimum number of symbols for PRS and the largest periodicity for PRS that the UE can support for carrier phase positioning.
Proposal 2: Support UE to report the supported minimum number of symbols for PRS and the supported largest periodicity for PRS.
UL Carrier phase positioning 
In RAN1-111 meeting [3], the following agreements on relative carrier phase measurements were archived for UL NR carrier phase positioning.
Agreement
Capture the following TP into TR 38.859 as a conclusion.
Regarding the physical layer measurements for NR carrier phase positioning:
· New measurements are recommended to be introduced for supporting UE-based and UE-assisted NR carrier phase positioning, if NR CPP is introduced. The new measurements include, at least, the following:
· For DL carrier phase positioning, the following candidate measurements are identified (potential down-selection may be considered during normative work).
· the difference between the carrier phase measured from the DL PRS signal(s) of the target TRP and the carrier phase measured from the DL PRS signal(s) of the reference TRP;
· the carrier phase measured from the DL PRS signal(s) of a TRP.
· For UL carrier phase positioning, the carrier phases measured from the UL SRS for positioning purpose is identified as the UL carrier phase measurements.
· Note: this proposal does not imply which carrier phase measurements are mapped to which positioning technique

It is similar as DL based carrier phase positioning, for UL, UE needs to send SRS and TRP will measure the carrier phase from the UL SRS. While for UL, also both carrier phase from SRS directly, and carrier phase difference between SRS and reference carrier phase can be considered. And TRPs will send the measurement report of carrier phase to LMF
Proposal 3: Consider whether to support carrier phase difference between SRS and reference carrier phase in addition to carrier phase measured from SRS for UL carrier phase positioning.
Integer ambiguity
In RAN1-111 meeting [3], the following agreements were archived
Agreement
Capture the following TP into TR 38.859 in section 6.3.1.
· The potential solutions of integer ambiguity resolution for NR carrier phase positioning were investigated in the study item, which include the following: 
· Reporting of the carrier phases of more than one frequency from UE/TRP to LMF;
· Note: frequency refers to frequency of carrier or frequency of subcarrier(s)
· Reporting of the determined integer ambiguity and/or the search range of the integer ambiguity from UE/TRP to LMF;
· Reporting of the carrier phase measurements together with the legacy positioning measurements from UE/TRP to LMF;
· Reporting of the new measurements from UE /TRP to LMF, e.g., based on carrier phase differentials across multiple subcarriers within a carrier;
· Note: carrier phase differentials across multiple subcarriers within a carrier can be equivalent to time of arrival
· LMF configure the integer ambiguity range between the TRP and target UE (for UE-based NR CPP).

In order to solve the problem of integer ambiguity, multiple potential solution can be considered. First existing positioning measurements need to be used, such as time based positioning. For example, for DL UE -assisted carrier phase positioning, the measurement report for DL-TDoA can be reported together with carrier phase measurement results. While it is also possible for UE to calculate the integer ambiguity and/or the search range of the integer ambiguity and report to LMF, but it will introduce more complex for UE and the measurement results for DL-TDoA can’t be obtained by LMF which may take measurement results for DL TDoA as other usages.  So we prefer to consider the reporting of the carrier phase measurements together with the existing positioning measurements with high priority.
Proposal 4: Support the reporting of the carrier phase measurements together with the measurement results of DL/UL TDoA.
In addition, it is also feasible to obtain the number of integer multiples of the carrier wavelength based on the carrier phase measurement results of multiple carrier frequencies or subcarriers. According to the WID, only specify measurements that are limited to a single carrier/PFL. Thus it is not supported for multiple carrier frequencies. But using carrier phase differentials across multiple subcarriers within a carrier is still feasible. So for DL UE assisted carrier phase positioning, it needs to support UE to report carrier phase for multiple subcarriers. While for UL carrier phase positioning, it needs to support TRP to report carrier phase for multiple subcarriers.
Proposal 5: Support positioning report to contain the carrier phase for multiple sub-carriers.
Phase errors
In RAN1-111 meeting [3], the following agreements are archived on the phase error for carrier phase positioning.
Agreement
Capture the following TP into TR 38.859 as a conclusion:
· At least the double differential technique with PRU is feasible for UE-based, and network-based NR carrier phase positioning, if NR CPP is introduced, at least, for eliminating the impact of the initial phases of the transmitter and the receiver.
· Note 1: How to efficiently enable the use of the PRU for supporting NR double differential carrier phase positioning needs further discussion during the normative work.
· Note 2: the required PRU density also needs further discussion
· Note 3: other methods for eliminating the impact of the initial phases of the transmitter and the receiver are not precluded

In order to solve the problem of initial phase error, double differential operation is a basic approach which can be seen in Figure 2. 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 carrier phase of TRP at the PRU side and the accurate location of the PRU, the initial phase of TRP transmitter can be estimated and adjusted. With the same method, the initial phase of the TRP receiver can also be estimated by measured carrier phase of UL SRS transmitted from PRU.
In addition to TRP side, there is also some initial phase error at UE side, which means the phase will be changed between baseband unit and RF unit. And the phase error can be estimated and reported by UE. Then during the procedure of carrier phase positioning, UE needs to report the carrier phase together with the corresponding phase error group to LMF.


Figure 2, Double differential operation
Proposal 6: Report the phase error group for initial phase error mitigation.
Multi-path impacts
According to the agreement in RAN1-111 meeting [3], 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. Also, both hard LoS/NLoS indicator and soft LoS/NLoS indicator can be considered according to UE capability.
Agreement
Capture the following TP into TR 38.859 as a conclusion:
· Multipath mitigation methods for the carrier phase positioning are recommended to be introduced during normative work, if NR CPP is introduced. The candidate solutions may include, but are not limited to, the following:
· Reporting of the carrier phase of the first path
· At least reporting of the carrier phase of the first path, and optionally, the additional paths.
· The use of LOS/NLOS indication for the carrier phase measurements.
· Note: Rel-17 LOS/NLOS indicator can be considered as a starting point.
· Reporting of other channel information together with carrier phase measurements, such as existing RSRP/RSRPP.
Proposal 7: Report the carrier phase for first path and additional path, and to report the likelihood of LoS path by LoS/NLoS indicator for carrier phase of each path. 
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: Support UE to report carrier phase of each PRS or the carrier phase difference between PRS from reference TRP and target TRP.
Proposal 2: Support UE to report the supported minimum number of symbols for PRS and the supported largest periodicity for PRS.
Proposal 3: Consider whether to support carrier phase difference between SRS and reference carrier phase in addition to carrier phase measured from SRS for UL carrier phase positioning.
Proposal 4: Support the reporting of the carrier phase measurements together with the measurement results of DL/UL TDoA.
Proposal 5: Support positioning report to contain the carrier phase for multiple sub-carriers.
Proposal 6: Report the phase error group for initial phase error mitigation.
Proposal 7: Report the carrier phase for first path and additional path, and to report the likelihood of LoS path by LoS/NLoS indicator for carrier phase of each path. 
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