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[bookmark: _Ref513464071]Introduction
In RAN1-110be [1], the following agreements for positioning based on NR carrier phase measurement were made:
	Agreement
The existing DL PRS and UL SRS for positioning can be re-used as the reference signals to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning. 
· FFS: Whether to consider enhancements of the existing DL PRS and UL SRS for better positioning performance

Agreement
For UE-assisted NR carrier phase positioning, at least consider the following options 
· 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

Agreement
Further study the benefits of using the carrier phase measurements of multiple DL positioning frequency layers for NR carrier phase positioning, which may include the impact of the time gap between the carrier phase measurements of multiple DL PFLs.
· Note 1: The initial phase error and the frequency error for each PFLs can be modelled independently
· Note 2: For the evaluation, the PRS signals of all PFLs of a TRP can be assumed to be transmitted from the same ARP or from different ARPs of the TRP.
· Note 3: The location error for ARPs can be modelled independently.
· Note 4: The timing errors of the PFLs may not be the same for PFLs in different bands or frequency ranges.
· Note 5: In Rel-17, simultaneous reception of DL PRS from multiple frequency layers is not supported

Agreement
For UL UE-assisted NR carrier phase positioning, at least consider the carrier phase measured from the UL SRS for positioning purpose.
· Note: The use of MIMO SRS for positioning purpose is transparent to UE.

Agreement
Capture the following TP into TR 38.859 as a conclusion (for Section 6.3.1):
· The impact of multipath/NLOS on NR carrier phase positioning is evaluated during the study item. Based on the study, it is concluded that multipath/NLOS deteriorates the performance of carrier phase positioning and it is necessary to consider multipath mitigation for NR carrier phase positioning.
· The evaluation results for the impact of the multipath/NLOS on NR carrier phase positioning will be presented in Section 6.3.2.

Agreement
Add a row of "PRU assumptions" in Table B.4.X.1-1: NR carrier phase positioning enhancements – evaluation scenarios and parameters” in Draft TR 38.859.
· Note: PRU deployment assumptions may include the assumptions of the number of PRUs, the PRU locations and location errors etc.

[bookmark: _Hlk117170400]Agreement
Capture the following TP into TR 38.859 (Section 6.3.1):
· The use of the positioning reference unit (PRU) to facilitate NR carrier phase positioning has been studied during the study item.
· For DL NR carrier phase positioning, the PRU works as a UE to receive the DL PRS reference signals and provide the DL carrier phase measurements to the LMF, where the double differential measurements can be obtained by the difference of the DL carrier phase measurements from the target UE and those from the PRU for eliminating the measurement errors.
· For UL NR carrier phase positioning, the PRU works as a UE to transmit the UL SRS signals for positioning purpose. The TRPs provides the UL carrier phase measurements obtained from the UL SRS signals of the target UE and of the PRU to the LMF, where the double differential measurements can be obtained by the difference of these UL carrier phase measurements for eliminating the measurement errors.
  
Agreement
Further study the effectiveness of the following multipath mitigation methods for the carrier phase positioning and the potential on the standard work:
· Identify and separate the first path and other paths.
· 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.
· The report of other channel information, such as RSRP/RSRPP.
 
Agreement
Further study the following approaches for NR carrier phase positioning, and identify the potential impact on the standard.
· the reporting of the carrier phase measurements together with the existing positioning measurements.
· [bookmark: _Hlk118341918]the reporting of the carrier phase-based measurements alone without reporting the existing positioning measurements.



In this contribution, we discuss design aspects for carrier phase-based positioning.
[bookmark: _Hlk101726869]Design aspects for phase-based positioning
Positioning using phase measurements
The following agreement regarding phase measurement reporting with and without other measurement are agreed to be further studied in the last RAN1 #110b meeting:
	Agreement
Further study the following approaches for NR carrier phase positioning, and identify the potential impact on the standard.
· the reporting of the carrier phase measurements together with the existing positioning measurements.
· the reporting of the carrier phase-based measurements alone without reporting the existing positioning measurements.



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 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 1: For DL-based positioning, support both reporting of the carrier phase measurements together with the existing positioning measurements (e.g., RSTD,  RSRP) and reporting of the carrier phase-based measurements alone.
RSTD and carrier phase measurements can supplement each other to precisely determine the propagation time difference between two TRPs (e.g., the target and the reference TRPs). In our view, the reference TRP for RSTD measurement also can be used as a reference TRP for carrier-phase difference measurement since both measurements (RSTD and phase difference) target to measure the propagation time of the reference signal. Therefore, it is beneficial to use the same reference TRP for both RSTD and phase difference measurement.
Proposal 2: Support using the same reference TRP for joint carrier phase and DL-RSTD measurement reporting.
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 (PEG). PRS resources in the same PEG 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 receiver to implement differential or double-differential phase calculation to mitigate residual phase in the measurements. In addition, any necessary assistance information should be studied for both UE-based and UE-assisted carrier phase measurement based positioning.
Proposal 3:  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 the last RAN1 #110b meeting, we made the following agreement regarding the reference signal design for phase measurements:
	Agreement
The existing DL PRS and UL SRS for positioning can be re-used as the reference signals to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning. 
· FFS: Whether to consider enhancements of the existing DL PRS and UL SRS for better positioning performance



In GNSS, carrier signals modulated by pseudo noise sequences are used for positioning [3, 6]. In NR, PRS are designed with N-comb patterns and N OFDM symbols are placed in a slot for positioning purposes. In the comb pattern, PRS is not placed continuously in a carrier across OFDM symbols. Thus, consistent carrier phase measurement is not possible. Phase Tracking Reference Signal (PTRS), which is used to track the phase of the local oscillator at the Tx and Rx, 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. 
Proposal 4: Support allocation of PRS for carrier phase measurement to same sub-carriers in symbols of the PRS slot.
Phase measurements and reporting
In the last RAN1 #110b meeting, we made the following agreement regarding phase measurement report:
	Agreement
For UE-assisted NR carrier phase positioning, at least consider the following options 
· 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



Phase measurement resource:
For phase measurement report from the DL-PRS signal(s) of a TRP, one remaining issue is to decide which subcarrier(s) to measure and report carrier phase measurement. The UE is aware of the channel condition (e.g., frequency response of the channel, LOS/NLOS condition). Therefore, it is more flexible to allow the UE to determine which subcarrier to measure the carrier phase. In addition, the network may also can request the number of resources to report and the channel condition to request to facilitate the derivation of the UE’s position. 
Proposal 5: Support the UE to determine the subcarrier(s) to measure and report the carrier phase.
Phase difference measurement:
For phase difference measurements, multiple transmission and reception modes can be considered. For example, for DL-PRS transmitted from one TRP, the UE can measure the phase difference between two received antennas; therefore, the distance between UE and TRP can be estimated using antenna geometry [2]. Alternatively, for phase difference between two TRPs, each TRPs can transmit one DL-PRS, 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 6: Study transmission and reception modes (e.g., 2 TX 1RX, 1Tx 2 RX) for phase-difference based positioning.
Regarding phase difference measurement and report between the target and reference TRP, the UE can be configured with a reference TRP. In this case the UE does not need to report the reference. However, it is possible that the configured reference TRP is not suitable (e.g., having low RSRP or small LOS/NLOS), which may result in inaccurate phase reports of all resources. Since the UE is in charge of phase measurement in DL-PRS resources, the UE may have knowledge of the quality of the phase measurement in each PRS resource. Therefore, it is beneficial to allow the UE to select the reference for phase difference measurement. In addition, to guarantee the quality of the phase reference, the network can configure some conditions to be a phase reference (e.g., based on RSRP, LOS/NLOS).
Proposal 7: Support the UE to select and report the reference TRP for phase difference measurements.
Measurement and report for integer ambiguity
In the last RAN1 meetings, 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. 
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 estimate the number of cycles based on other positioning techniques, which can be within or outside 3GPP. Therefore, it is beneficial to allow the UE to report the estimated number of cycles for one PRS resource.
Proposal 8: Support the UE to report the estimated number of cycles of a received carrier.
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 9: 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 10: Support the UE to report the phase measurement in multiple frequencies in one measurement reporting.
Measurement and report for multipath or LOS/NLOS conditions:
Phase measurement is sensitive to multipath and NLOS PRS transmission since a small change in a propagation path may result in a huge different in phase measurement. For a NLOS path, the propagation time can vary based on the reflection path. Therefore, the phase measurement can vary significantly as well. In this case, the phase measurement is not beneficial to determine the position of the UE. Therefore, it is necessary to study in which condition the UE should report phase measurement. 
Proposal 11: Study the condition under which carrier phase should be measured and reported based on e.g., 
· LOS/NLOS value
· RSRP
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 12: 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 13: Support both UE-based and UE-assisted NR carrier phase positioning.
Proposal 14: Study a mechanism to transfer measurements from the PRU to the UE in UE-based positioning.
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 in the UEs. If not treated, these error sources may degrade the 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 15: Postpone the study of SL carrier phase positioning to a future release beyond Rel. 18.
Conclusion.
In this contribution, the following proposals are made for positioning based on NR carrier phase measurement:
Proposal 1: For DL-based positioning, support both reporting of the carrier phase measurements together with the existing positioning measurements (e.g., RSTD, RSRP) and reporting of the carrier phase-based measurements alone.
Proposal 2: Support using the same reference TRP for joint carrier phase and DL-RSTD measurement reporting.
Proposal 3:  Study assistance information that allows the UE or network to mitigate unknown phase offset in phase measurements, e.g., phase error group.
Proposal 4: Support allocation of PRS for carrier phase measurement to same sub-carriers in symbols of the PRS slot.
Proposal 5: Support the UE to determine the subcarrier(s) to measure and report the carrier phase.
Proposal 6: Study transmission and reception modes (e.g., 2 TX 1RX, 1Tx 2 RX) for phase-difference based positioning.
Proposal 7: Support the UE to select and report the reference TRP for phase difference measurements.
Proposal 8: Support the UE to report the estimated number of cycles of a received carrier.
Proposal 9: Support the UE to perform PRS measurement in multiple frequencies in one measurement window.
Proposal 10: Support the UE to report the phase measurement in multiple frequencies in one measurement reporting.
Proposal 11: Study the condition under which carrier phase should be measured and reported based on e.g., 
· LOS/NLOS value
· RSRP
Proposal 12: Support PRU for NR carrier phase-based positioning.
Proposal 13: Support both UE-based and UE-assisted NR carrier phase positioning.
Proposal 14: Study a mechanism to transfer measurements from the PRU to the UE in UE-based positioning.
Proposal 15: Postpone the study of SL carrier phase positioning to a future release beyond Rel. 18.
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