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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#110 bis-e)

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(RAN1#110 bis-e)

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.

This contribution provides our further view on the carrier phase-based positioning study based on the agreement derived so far in the last meetings. 
Discussion
Subcarrier level Phase measurement
In the last meeting, the reporting of the phase measurement on the subcarrier was discussed. We think the reporting of the phase measurement on the subcarriers should be supported in carrier phase measurement, along with phase measurement on subcarriers the difference between the carrier phase of multiple subcarriers should also be supported in CPP. In our study, we found that for standalone CPP, the difference between the subcarrier helps in the swift resolution of integer ambiguity. Further, it will provide robustness again receiver noise by performing noise averaging. In the RAN 110-e meeting, discussion following proposal was derived.  
Reporting of the measurements based on the carrier phases of multiple subcarriers within a carrier can be considered for NR carrier phase positioning. The candidate measurements at least include the following:
· the carrier phases of RF frequencies corresponding to multiple subcarriers
· FFS: the difference between the carrier phases of the multiple subcarriers
· FFS: the slope determined by the difference of the carrier phases of the multiple subcarriers
 
We propose to support the difference between the carrier phases of the multiple carriers should be supported for carrier phased based positioning in Rel 18.
Proposal 1: Carrier phase difference measurement at the subcarrier level and the difference between the carrier phase of multiple subcarriers should be reported for carrier-phase positioning. 

Carrier Phase measurement with respect to Tx and Rx antenna
In our study (section 3), we observed that the mitigation of the effect of the multipath improves the performance of carrier phase based distance estimation. Further, the AOD and AOA measurements using carrier phase measurements are of great help in identifying the LOS and NLOS signals. Carrier phase measurement can give us the angle information with respect to the transmitter antennas and the receiver antennas, which can be reported by UE or TRP to LMF. In the last meeting, the benefits of reporting the phase measurements across TRP Tx antennas was discussed. We support to have provision of reporting the phase measurements across UE/TRP Rx and TRP Rx antennas should be there. 
Proposal 2: For carrier phase based positioning in Rel 18, carrier phase measured across Rx and Tx antennas of TRP and UE should be reported. 
Further UEs or TRPs should indicate the LOS-NLOS indicator corresponding to the carrier phase measurements. We can extend the Rel 17 framework for carrier phase based method as well.

Proposal 3: For carrier phase based positioning, reporting of LOS-NLOS indication along with carrier phase measurement should be supported. Rel 17 framework can be reused in this case. 

Use of Carrier Phase measurement for legacy measurements
Carrier phase based positioning method is viewed as a standalone as well as a non-standalone method. In the case of non-standalone method, the carrier phase will be reported along with the UEs/TRPs measurement of legacy positioning methods e.g. DL/UL-TDOA, M-RTT, DL-AOD, UL-AOA etc. Once we report the carrier phase along with the legacy measurement, it will inherently act as smoothing of legacy measurement. Therefore this should be supported. 

Proposal 4: In Rel 18, carrier phase positioning using carrier phase information for smoothing existing timing measurements for DL-TDOA, UL-TDOA, and Multi-RTT should be studied for UE-assisted and UE-based positioning.

Evaluation Results
[bookmark: _Toc111724376]Performance analysis for NR positioning enhancements 
Evaluation results of case 1
 Description of evaluation scenarios
In case 1, we evaluated the merits of multipath mitigation methods agreed upon in the last meeting. In our simulation, we compared the scenario when the carrier phase measurement is reported after isolating the first path with the scenario when the carrier phase is reported without isolating the first path. We found that suppressing the NLOS components in the signal measured gives significant gains. The system configurations and the assumptions are listed the table 3.1 1, and the results are in table 3.2 under case.
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Evaluation results of case 2
Description of evaluation scenarios
In case 2, we evaluated the effects of the initial phase offset on the signals after mitigating the effects of multipath from it. In our simulation, we compared the scenario when the carrier phase measurement is reported with resolving the effects of the initial phase offset and the scenario when the carrier phase is reported without resolving the effects of the initial phase offset. We found that if the initial phase offset is not resolved properly, then the gains of mitigating the effects of multipath will not be observed in the positioning accuracy. The system configurations and the assumptions are listed the table 3.1, and the results are in table 3.2 under case 2.
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Evaluation results of case 3
Description of evaluation scenarios
In case 3, we evaluated the gains of reporting the phase measurement across the subcarrier. We compared the scenario when the distance between the tx and rx was estimated using a single carrier and when the distance between the tx and rx was estimated using multiple subcarriers. We observed that the measurement reported over multiple subcarriers helps mitigate the effect of receiver noise. The system configurations and the assumptions are listed the table 3.1, and the results are in table 3.2 under case 3,.
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Table 3.1: NR positioning enhancements - evaluation scenarios and parameters [A]
	Parameter
	Case1,InF_DH
	Case2, InF_DH
	Case 3,InF_DH

	Scenario 
[TS 38.855, TS 38.857]
	InF_DH
	 InF_DH
	InF_DH

	Single carrier frequency, or multiple carrier frequencies, GHz
	3.5GHz
	3.5GHz
	3.5GHz

	Bandwidth, MHz
	100MHz
	100MHz
	100MHz

	Subcarrier spacing, kHz
	30KHz
	30KHz
	30KHz

	RS signal descriptions
(PRS or posSRS, Number of OFDM symbols, Comb size)
	PRS
	PRS
	PRS

	NR Carrier phase positioning method 
(DL, UL, or DL+UL(RTT))
	DL
	DL
	DL

	R16/R17 positioning method 
(if it is used together with CPP)
	-
	-
	-

	Carrier phase estimation techniques 
(time-domain, freq-domain, references)
	Frequency Domain
Single carrier frequency
	Frequency Domain
Single carrier frequency
	Frequency Domain
Multiple subcarrier frequencies

	Differential positioning techniques if used 
(e.g., single differential, double differential, etc.)  
	
	
	

	Integer ambiguity resolution techniques 
(e.g., virtual Integer ambiguity, LAMBDA, cost functions, Least squares, …)
	Ideal (accurate IAR)
	Ideal (accurate IAR)
	Ideal (accurate IAR)

	Multipath mitigation techniques
(e.g., first path detection, ...) 
	First path detection
	First path detection
	First path detection

	Single-measurement instance CPP, or multiple measurement instances CPP
	Single-measurement instance CPP
	Single-measurement instance CPP
	Single-measurement instance CPP

	UE position calculation algorithm (e.g. Least squares, Taylor series, …)
	
	
	

	Network synchronization assumption (e.g., 0ns, 10ns, ..)
	
	
	

	UE/TRP Initial phase offset 
	Not considered
	Practical
	Not considered

	CFO/Doppler
	Not considered
	Not considered
	Not considered

	Oscillator-drifts
	Not considered
	Not considered
	Not considered

	ARP errors
	Not considered
	Not considered
	Not considered

	Phase Center Offsets
	Not considered
	Not considered
	Not considered

	Phase noise (FR2)
	Not considered
	Not considered
	Not considered

	Additional notes, if any
	
	
	



Positioning accuracy evaluation results for NR carrier phase positioning
Table 3.2: NR carrier phase positioning - distance accuracy [A]
	[Case ID], [Scenario]
[additional descriptions]
	50%
	67%
	80%
	90%
	Meet target requirements? 
(Y/N)
	Additional comments

	Case 1, InF_DH
	0.8cm 
	2 cm 
	5.2cm 
	6.8cm
	Y
	Results without considering the initial phase offset

	Case 2, InF_DH
	3.3cm
	4.8cm
	5.9cm
	6.8cm
	N
	Results after considering the initial phase offset

	Case 3, InF_DH
	0.44cm
	.50cm
	0.55cm
	0.63cm
	Y
	


Conclusion
This paper provides the following observations and proposals.
Proposal 1: Carrier phase difference measurement at the subcarrier level and the difference between the carrier phase of multiple subcarriers should be reported for carrier-phase positioning. 
Proposal 2: For carrier phase-based positioning in Rel 18, carrier phase measured across Rx and Tx antennas of TRP and UE should be reported. 
Proposal 3: For carrier phase-based positioning, reporting of LOS-NLOS indication along with carrier phase measurement should be supported. Rel 17 frameworks can be reused in this case. 
Proposal 4: In Rel 18, carrier phase positioning using carrier phase information for smoothing existing timing measurements for DL-TDOA, UL-TDOA and Multi-RTT should be studied for UE-assisted and UE-based positioning.
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