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Introduction
In the RAN1#110bis-e meeting, we have discussed the evaluation and solutions for NR carrier phase positioning. In this paper, we provide our views on the remaining issues for carrier phase positioning.

Theoretical analysis
Single frequency carrier phase
The carrier phase measurement can be used for positioning because it is related to the distance between the gNB and the UE. The specific relationship is show as follows:
	
	
	(1)


where d is the distance between the gNB and the UE; c is the speed of light;  is the corresponding carrier phase integer ambiguity and is an integer;  is the carrier frequency;  is the corresponding carrier phase measurement. The following figure shows the relationship between carrier phase and distance.
[image: ]
Figure 1 relationship between carrier phase and distance
In order to estimate the distance , it is necessary to estimate the integer ambiguity  correctly. Only when the integer ambiguity is estimated correctly, the carrier phase positioning method can achieve high accuracy positioning. The integer ambiguity and the UE position can be solved by using multiple gNB Antenna Reference Point (ARP) positions and the integer property of the integer ambiguity [1]. 
Multi-frequency carrier phase
Multiple carrier phases can be measured at different subcarriers. Carrier phases corresponding to virtual frequencies may be synthesized by using carrier phases on different frequencies.
Assume that the carrier phases measured on multiple frequencies  are , the carrier phase measurement value on the i-th frequency satisfies the following formula:
	
	
	(2)


where d is the distance between the gNB and the UE; c is the speed of light;  is the corresponding carrier phase integer ambiguity.
The multi-frequency carrier phase measurements can be linearly combined to generate the virtual carrier phase measurement corresponding to the virtual frequency:
	
	
	(3)


where  is the virtual carrier phase measurement and  is the corresponding virtual frequency;  is the linear combination coefficient and is an integer;  is the corresponding carrier phase integer ambiguity. K virtual frequencies with gradients  can be synthesized using different linear combination coefficients and the corresponding carrier phases are  .
The integer ambiguity corresponding to the low frequency  is solved by using the coarse range measurements firstly. 
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where  indicates rounding.
Combining with the carrier phase corresponding to , the ranging result  with improved accuracy can be obtained.
	
	
	(5)


Further, the integer ambiguity  corresponding to  can be obtained by bringing  to (4). In this way, the integer ambiguity is determined step by step, and a high-accuracy ranging result corresponding to the high frequency can be obtained.
PRU deployment and double differential carrier phase
To overcome the gNB carrier phase synchronization error, positioning reference unit (PRU) as discussed in Rel-17 can be considered.
It is well understood that PRU can mitigate the gNB timing synchronization error and group delay error, which now can also be applied to the carrier phase synchronization error. PDOA using PRU is also referred to as double differential methods.
The double differential carrier phase (inter-UE inter-TRP difference) can be calculated by:
	
	
	(6)


where  represents the double differential propagation delay between PRU p, target UE t, i-th TRP and j-th TRP. 

Target requirement for positioning using carrier phase measurement
As explained, positioning using carrier phase measurement can achieve extremely high accuracy, to the level of centimeters and millimeters, yet the availability of such a high accuracy depends on whether the integer ambiguity can be properly resolved. In addition, there may also be implementation impairments as discussed in Section 4 of the paper that hinder the wide coverage of such a service.
We think that 50% should be considered as the starting point in Rel-18, so that at least for half the cases/time, the integer ambiguity resolution is successful.
The setting of the requirement also justifies any enhancement considered within Rel-18, so that the discussion can be reasonably contained. Based on the current evaluation and also the common understanding on the mechanism how carrier phase positioning works, we have the following proposal on the target requirement.
Proposal 1:  Rel-18 shall target the accuracy requirement of 1cm@50% for positioning using carrier phase measurement.

Reference signals for carrier phase measurements
[bookmark: OLE_LINK22]In RAN1#110bis-e, reference signals for carrier phase measurements have been discussed and we have the following agreement.
	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



We think it is not necessary to enhance the existing reference signal according to our evaluation results, which can already meet the requirement, and thus we do not see any enhancement on RS needed within Rel-18 for the set requirement.
Proposal 2: Enhancements of the existing DL PRS or UL SRS should not be considered in Rel-18.

Performance analysis for NR positioning enhancements
For NR positioning enhancements, carrier phase positioning can achieve high accuracy theoretically. In the RAN1#110e meeting, most imperfect factors are modeled, including initial residual CFO, oscillator-drift, the initial phase of the transmitter and the receiver, the antenna reference point (ARP) location error and the UE/TRP antenna phase center offset (PCO). Based on these mathematical models, we present our positioning accuracy evaluation results for NR carrier phase positioning.
Perfect Scenarios
In this section, we provide the evaluation of the existing signal without imperfect factors. Carrier phase positioning, single differential and double differential carrier phase positioning are simulated in different scenarios with different bandwidths.

Table 1: NR carrier phase positioning - horizontal accuracy in perfect scenarios
	[Case ID], [Scenario], [additional descriptions]
	50%
	67%
	80%
	90%
	Met target requirements? 
(Yes/No)
	Additional comments

	Case 1, InF-SH, 100M, UL-POA
	0.00018
	0.00036
	0.00074
	0.00184
	Y
	

	Case 2, InF-DH, 100M, UL-POA
	0.00024
	0.00058
	0.00234
	1.0541
	Y
	

	Case 3, InF-SH, 20M, UL-POA
	0.00086
	0.00208
	0.15945
	2.3373
	Y
	

	Case 4, InF-DH, 20M, UL-POA
	0.54928
	1.8733
	3.3055
	7.4243
	N
	

	Case 5, InF-SH, 100M, single differential UL-POA
	0.00023
	0.00054
	0.00122
	0.00434
	Y
	

	Case 6, InF-DH, 100M, single differential UL-POA
	0.00111
	0.57064
	0.97391
	1.3698
	Y
	

	Case 7, InF-SH, 20M, single differential UL-POA
	0.00124
	0.00350
	0.84404
	1.7309
	Y
	

	Case 8, InF-DH, 20M, single differential UL-POA
	0.91584
	1.4492
	2.101
	3.5818
	N
	

	Case 9, InF-SH, 100M, double differential UL-POA (PRU 5m)
	0.00058
	0.00125
	0.00255
	0.01901
	Y
	

	Case 10, InF-DH, 100M, double differential UL-POA (PRU 5m)
	0.00278
	0.62379
	1.0138
	1.3716
	Y
	

	Case 11, InF-SH, 20M, double differential UL-POA (PRU 5m)
	0.00237
	0.00961
	1.0986
	2.005
	Y
	

	Case 12, InF-DH, 20M, double differential UL-POA (PRU 5m)
	0.96012
	1.483
	2.1519
	4.0226
	N
	



Carrier Frequency Offset (CFO) and Oscillator-drift
	Agreement (RAN1#110)
· In the evaluation of NR carrier phase positioning, the following frequency errors can be considered, which are modeled independently for each UE and each TRP:
· Initial Residual CFO (is the same for one measurement instances [or multiple phase measurement instances]):
· Ideal: 0 (UE/TRP)
· Practical: uniform distribution within 
· [-30, +30] Hz (FR1, UE), [-100, +100] Hz (FR1, UE), 
· [-120, +120] Hz (FR2, UE), [-400, +400] Hz (FR2, UE),
· [-10, +10] Hz (for each TRP, FR1),
· [-40, +40] Hz (for each TRP, FR2).
· Oscillator-drift (is the same for one or multiple phase measurement instances for positioning fix):
· Ideal: 0 (UE/TRP)
· Practical: uniform distribution within [-0.1, 0.1] ppm (UE), [-0.02, +0.02] ppm (each TRP) within measurement duration
· Note: The Doppler frequency can be determined based on the UE speed in the evaluation assumption.



In this section, we provide the evaluation of the existing signal with the initial residual CFO. Since the CFO is small compared with the carrier frequency, the impact on positioning is negligible.
Observation 1: the impact of CFO on carrier phase positioning is negligible.

Table 2: NR carrier phase positioning - horizontal accuracy with the CFO
	[Case ID], [Scenario], [additional descriptions]
	50%
	67%
	80%
	90%
	Met target requirements? 
(Yes/No)
	Additional comments

	Case 13, InF-SH, CFO TRP10Hz and UE30Hz
	0.00013
	0.00028
	0.00059
	0.00135
	Y
	

	Case 14, InF-DH, CFO TRP10Hz and UE30Hz
	0.00031
	0.00086
	0.1895
	1.3262
	Y
	

	Case 15, InF-SH, CFO TRP10Hz and UE100Hz
	0.00016
	0.00035
	0.00065
	0.0016
	Y
	

	Case 16, InF-DH, CFO TRP10Hz and UE100Hz
	0.00031
	0.00092
	0.2615
	1.2725
	Y
	



Random initial phase error 
	Agreement (RAN1#110bis-e)
Make the following modification to the previous agreement on the initial phase model with an additional note:
· In the evaluation of NR carrier phase positioning, the offset between both the initial phase of the transmitter and the initial phase of the receiver can be modeled as a independent random variables uniformly distributed within [0, X2pi].
· Note: The initial phase of a transmitter applies to all subcarriers of the same carrier frequency associated with the transmitter, and the initial phase of a receiver applies to all subcarriers of the same carrier frequency associated with the receiver.



In this section, we provide the evaluation of the existing signal with the random initial phase of the transmitter and the receiver. Single differential carrier phase positioning between the measuring TRP and reference TRP can eliminate the random initial phase of the UE. Double differential carrier phase positioning can eliminate the random initial phase of the receiver and the transmitter. Also, Oscillator-drift can be equivalent to the initial phase offset and double differential carrier phase positioning can eliminate it.
Observation 2: Double differential carrier phase can eliminate the random initial phase and oscillator-drift of the receiver and the transmitter.

Table 3: NR carrier phase positioning - horizontal accuracy with the random initial phase
	[Case ID], [Scenario], [additional descriptions]
	50%
	67%
	80%
	90%
	Met target requirements? 
(Yes/No)
	Additional comments

	Case 17, InF-SH, random initial phase (trans), single differential UL-POA
	0.00025
	0.00051
	0.00101
	0.00316
	Y
	

	Case 18, InF-DH, random initial phase (trans), single differential UL-POA
	0.00120
	0.60019
	1.0193
	1.387
	Y
	

	Case 19, InF-SH, random initial phase (rec/trans), single differential UL-POA
	1.0251
	1.2896
	1.5892
	2.0754
	N
	

	Case 20, InF-DH, random initial phase (rec/trans), single differential UL-POA
	0.95185
	1.1896
	1.4667
	1.8026
	N
	

	Case 21, InF-SH, random initial phase (rec/trans), double differential UL-POA (PRU 5m)
	0.00050
	0.00103
	0.00241
	0.01369
	Y
	

	Case 22, InF-DH, random initial phase (rec/trans), double differential UL-POA (PRU 5m)
	0.00236
	0.64968
	1.0402
	1.3857
	Y
	



In RAN1#110bis-e, evaluation observation about the initial phase has been agreed to capture into the TR.
	Agreement
Capture the following TP into TR 38.859 as an evaluation observation:

The impact of the initial phases of the transmitter and the receiver on NR carrier phase positioning is evaluated in the study item. The evaluation results from the sources (e.g., Huawei[1], vivo[2], CATT[6], ZTE[9]) show that if the initial phases of the transmitter and the receiver are not eliminated, it is impossible to support centimeter-accuracy positioning.

The effectiveness of using double differential technique with PRU to eliminate the impact of the initial phases of the transmitter and the receiver on NR carrier phase positioning are evaluated in the study item. The evaluation results from the sources (Huawei[1], CATT[6], ZTE[9], Ericsson [23]) show that the initial phases of the transmitter and the receiver can be removed effectively by the double differential technique with the use of the PRU:
· Source [Huawei, 1] shows the positioning accuracy of <1cm (80%) for Inf-SH and < 1cm (50%) for Inf-DH can be reached when the PRU is located within a distance of 5m from the target UE.
· Source [CATT, 6] shows the positioning accuracy of <1cm (80%) for Inf-SH and <1cm (50%) for Inf-DH can be reached under the under condition that the PRU is located a fixed location in LOS of the TRP.
· Source [Ericsson 23] shows that the accuracy of <1cm (50%) when the PRU is located within 1m of the target UE. However, the effectiveness reduces when the PRU is located away from the target UE because the channel conditions of the PRU is different from the target UE.
· Note: in the above results, all other error sources (except initial phase error) were not modelled.
(Not captured in TR) Note: The number of sources and the references, and the observations, can be further updated in next meeting depending on companies’ updates of simulation results. 



We think the sentence marked in yellow is easy to be misunderstood as “if the initial phases between the transmitter and the receiver are not eliminated”. It could be changed to “if the initial phases between the transmitters for DL positioning and the initial phases between the receivers for UL positioning are not eliminated”.
Proposal 3: Change the text agreed in RAN1#110bis-e to reflect the issue of initial phase problem only exists in the TRP side, i.e. between TRPs.

	The impact of the initial phases of the transmitter and the receiver on NR carrier phase positioning is evaluated in the study item. The evaluation results from the sources (e.g., Huawei[1], vivo[2], CATT[6], ZTE[9]) show that if the initial phases difference of between the transmitters for DL positioning and the initial phase difference between the receivers for UL positioning are not eliminated, it is impossible to support centimeter-accuracy positioning.

The effectiveness of using double differential technique with PRU to eliminate the impact of the initial phases of the transmitter and the receiver on NR carrier phase positioning are evaluated in the study item. The evaluation results from the sources (Huawei[1], CATT[6], ZTE[9], Ericsson [23]) show that the initial phases of the transmitter and the receiver can be removed effectively by the double differential technique with the use of the PRU:



ARP Position Error
	Agreement (RAN1#110)
· In the evaluation of NR carrier phase positioning, the antenna reference point (ARP) location error of a TRP can be modeled as follows: 
· Ideal: no ARP error
· Practical: a zero-mean, truncated Gaussian distribution with zero mean and standard deviation of T=[1, 5] cm truncated to 2T in each of (x, y, z) direction



For the carrier phase positioning, the gNB Antenna Reference Point (ARP) position error will cause the mismatch between phase measurement and UE-gNB distance, which affects the positioning accuracy.
In the Global Navigation Satellite System (GNSS), the double differential carrier phase positioning technique can eliminate the influence of the satellite ARP position error because the satellite is so far away from the UE that the direction from the satellite to the PRU and the direction from the satellite to the UE can be approximately the same. However, the distance from the gNB to the UE is much smaller than the distance from the satellite to the UE. Therefore, the double differential carrier phase positioning can only eliminate the influence of some gNB ARP position errors.
In this section, we provide the evaluation of the existing signal with the ARP error.
Observation 3: The ARP error deteriorates the carrier phase positioning accuracy even the double differential method (with PRU) is used.

Table 4: NR carrier phase positioning - horizontal accuracy with the gNB ARP error
	[Case ID], [Scenario], [additional descriptions]
	50%
	67%
	80%
	90%
	Met target requirements? 
(Yes/No)
	Additional comments

	Case 23, InF-SH, ARP error 1cm, UL-POA
	1.3368
	1.746
	2.121
	2.5781
	N
	

	Case 24, InF-DH, ARP error 1cm, UL-POA
	1.2329
	1.579
	1.9317
	2.4507
	N
	

	Case 25, InF-SH, ARP error 5cm, UL-POA
	1.4595
	1.8272
	2.2436
	2.6966
	N
	

	Case 26, InF-DH, ARP error 5cm, UL-POA
	1.2318
	1.5742
	1.9392
	2.387
	N
	

	Case 27, InF-SH, ARP error 1cm, double differential UL-POA (PRU 5m)
	0.00283
	0.00701
	0.57269
	1.2051
	Y
	

	Case 28, InF-DH, ARP error 1cm, double differential UL-POA (PRU 5m)
	0.75118
	1.0593
	1.3217
	1.6719
	N
	

	Case 29, InF-SH, ARP error 5cm, double differential UL-POA (PRU 5m)
	0.74247
	1.0553
	1.3606
	1.8066
	N
	

	Case 30, InF-DH, ARP error 5cm, double differential UL-POA (PRU 5m)
	0.92375
	1.1703
	1.3996
	1.7605
	N
	

	Case 31, InF-SH, ARP error 1cm, double differential UL-POA (PRU 2m)
	0.00149
	0.00298
	0.00936
	0.89098
	Y
	

	Case 32, InF-DH, ARP error 1cm, double differential UL-POA (PRU 2m)
	0.56419
	0.94121
	1.1915
	1.4847
	N
	

	Case 33, InF-SH, ARP error 5cm, double differential UL-POA (PRU 2m)
	0.01052
	0.65011
	1.0335
	1.5082
	N
	

	Case 34, InF-DH, ARP error 5cm, double differential UL-POA (PRU 2m)
	0.85975
	1.0953
	1.361
	1.7484
	N
	



Phase Center Offset (PCO)
	Agreement (RAN1#110)
· In the evaluation of NR carrier phase positioning, the following the UE/TRP antenna phase center offset (PCO) model can be considered as the starting point: 
· dPCO =  a * dPhi + w							
· where	
· a is the scale factor, a=[0, 1, 3]
· FFS: other values
· dPhi is the direction difference (in degrees):
· Example 1, dPhi is the difference between the true and the calculated (or measured) directions between a transmitter (UE/TRP) and a receiver (TRP/UE).
· Example 2: dPhi is the direction difference between one UE to two TRPs, or between one TRP to two UEs.
· w is 0 or a random variable uniformly distributed within [-2, +2], or [-5, +5], or [-X, +X] degrees
· FFS: value of X or left up to companies
· Note: the above model is valid only when absolute value of dPhi < Y degrees
· FFS: value of Y or left up to companies



For the carrier phase positioning, phase center offset will cause the carrier phase measurement error, which further affects the positioning accuracy.
In this section, we provide the evaluation of the existing signal with PCO.
Observation 4: Double differential carrier phase positioning technique can eliminate some influence of PCO.

Table 5: NR carrier phase positioning - horizontal accuracy with the gNB PCO
	[Case ID], [Scenario], [additional descriptions]
	50%
	67%
	80%
	90%
	Met target requirements? 
(Yes/No)
	Additional comments

	Case 35, InF-SH, PCO a=1, single differential UL-POA
	0.5936
	0.9333
	1.2081
	1.5331
	N
	

	Case 36, InF-DH, PCO a=1, single differential UL-POA
	0.8349
	1.1274
	1.3985
	1.8244
	N
	

	Case 37, InF-SH, PCO a=3, single differential UL-POA
	0.8469
	1.1156
	1.3922
	1.7844
	N
	

	Case 38, InF-DH, PCO a=3, single differential UL-POA
	0.9192
	1.1661
	1.4393
	1.8515
	N
	

	Case 39, InF-SH, PCO a=1, double differential UL-POA (PRU 5m)
	0.0006
	0.0015
	0.0041
	0.6446
	Y
	

	Case 40, InF-DH, PCO a=1, double differential UL-POA (PRU 5m)
	0.3676
	0.8621
	1.1561
	1.6252
	N
	

	Case 41, InF-SH, PCO a=3, double differential UL-POA (PRU 5m)
	0.0007
	0.0017
	0.0075
	0.9076
	Y
	

	Case 42, InF-DH, PCO a=3, double differential UL-POA (PRU 5m)
	0.4896
	0.8937
	1.2148
	1.644
	N
	



Combinations of multiple imperfect factors
With the above analysis, the CFO, oscillator-drift, random initial phase error, gNB ARP position error and phase center offset will affect the carrier phase measurement and the carrier phase positioning accuracy. The oscillator-drift and random initial phase error can be eliminated by double differential carrier phase. 
The gNB ARP position errors do not affect the integer ambiguity determination of multi-frequency carrier phase positioning, although they affect the final UE position by the same order of errors, which is relatively small. As a comparison, multiple gNB ARP positions are necessary when computing the cost function in single frequency carrier phase method. So multi-frequency carrier phase method is robust to gNB ARP position errors and can be used to eliminate the influence of some gNB ARP error. 
In this section, we provide the evaluation of the existing signal with combinations of multiple imperfect factors.

Table 6: NR carrier phase positioning - horizontal accuracy with both the random initial phase and the gNB ARP error
	[Case ID], [Scenario], [additional descriptions]
	50%
	67%
	80%
	90%
	Met target requirements? 
(Yes/No)
	Additional comments

	Case 43, InF-SH, ARP error 1cm, double differential UL-POA (PRU 5m), random initial phase (rec/trans)
	0.00306
	0.00848
	0.65333
	1.2305
	Y
	

	Case 44, InF-DH, ARP error 1cm, double differential UL-POA (PRU 5m), random initial phase (rec/trans)
	0.71086
	1.0234
	1.2683
	1.6288
	N
	

	Case 45, InF-SH, ARP error 5cm, double differential UL-POA (PRU 5m), random initial phase (rec/trans)
	0.73594
	1.0428
	1.3812
	1.779
	N
	

	Case 46, InF-DH, ARP error 5cm, double differential UL-POA (PRU 5m), random initial phase (rec/trans)
	0.88533
	1.1479
	1.3841
	1.7463
	N
	

	Case 47, InF-SH, ARP error 1cm, double differential/multi-freq UL-POA (PRU 5m), random initial phase (rec/trans)
	0.01252
	0.01766
	0.02765
	0.04860
	N
	

	Case 48, InF-DH, ARP error 5cm, double differential/multi-freq UL-POA (PRU 5m), random initial phase (rec/trans)
	0.05986
	0.08327
	0.11879
	0.19365
	N
	



Observation 5: Multi-frequency carrier phase positioning method is robust to gNB ARP position errors and can achieve centimeter-level positioning accuracy.
We have the following proposals:
Proposal 4: The double differential carrier phase and multi-frequency carrier phase should be considered for carrier phase positioning.

Identified specification impact
UE carrier phase measurement reporting
Due to the integer ambiguity problem, carrier phase can hardly be viewed as a standalone positioning method instead it can be joint deployed with the existing positioning methods, such as DL-TDOA or UL-TDOA. Hence, the carrier phase can be reported jointly with existing measurements.
Proposal 5: Reporting of phase measurements with existing measurements should be supported.
When carrier phase positioning is joint deployed with DL-TDOA, the carrier phase difference between the measuring TRP and reference TRP can be reported, i.e., 
	
	(7)


where  denotes the carrier phase of the i-th TRP. Reporting the differentiated phase value has an advantage of mitigating the phase offset incurred by UE’s imperfect factors.
Proposal 6: For DL UE-assisted NR carrier phase positioning, phase difference between the target TRP and reference TRP can be reported by UE.
When carrier phase is joint employed with UL-TDOA, the carrier phase measured by different TRP can be reported.
Proposal 7: For UL NR carrier phase positioning, first path phase can be reported by TRP.

Multi-frequency carrier phase measurements
Based on the above analysis, double differential carrier phase measurement and multi-frequency carrier phase measurements can be combined to compensate imperfect factors between gNBs and UE. Therefore, both UL and DL LMF-based carrier phase positioning method should support reporting carrier phase measurements on multiple frequencies or reporting distance information computed by multiple carrier phase measurements as described in Section 2.2.
[bookmark: OLE_LINK9]Proposal 8: For UL carrier phase positioning method, the TRP can report carrier phase measurements on multiple frequencies or distance information computed from multi-frequency carrier phase measurements, where the multiple frequencies can be the frequencies of different carriers or the subcarriers within the same carrier.
Proposal 9: For DL LMF-based carrier phase positioning method, the UE can report carrier phase measurements on multiple frequencies or distance information computed from multi-frequency carrier phase measurements, where the multiple frequencies can be the frequencies of different carriers or the subcarriers within the same carrier.

Multipath for carrier phase positioning
[bookmark: OLE_LINK3]In RAN1#110bis-e, multipath for carrier phase positioning has been discussed and we have the following agreement.
	[bookmark: OLE_LINK18]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.



We think the carrier phases of the additional paths are useful for positioning, such as the multipath-assisted positioning.
Proposal 10: For carrier phase positioning, the TRP/UE can report the carrier phases of the first path and the additional paths.

UE-based carrier phase positioning
For UE-based carrier phase positioning, double differential carrier phase can be used to overcome the gNB carrier phase synchronization error, random initial phase error and other imperfect factors. Therefore, target UE needs to obtain the carrier phase measurements of PRU to perform double differential carrier phase positioning. The carrier phase measurements of PRU can be transferred in assistance data from LMF to target UE or transferred from PRU to target UE.
Proposal 11: For UE-based carrier phase positioning, the carrier phase measurements of PRU can be transferred from LMF/PRU to UE.
When target UE and PRU are located close to each other, it can be assumed that target UE and PRU have a very close AOD to a same TRP, as showing in the following figure:
[image: ]
Figure 2 UE-based carrier phase positioning method
Assuming the AOD between TRP1 and UE/PRU is , and the AOD between TRP2 and UE/PRU is .  are the distances from PRU and target UE to TRP1 and  are the distances from PRU and target UE to TRP2, respectively.  is the vector from the PRU to the UE. We can get the double differential distance  as following formula:

Where and  can be obtained from the double differential carrier phase measurement. If there are three TRPs, we can get the double differential distance  as following formula:

Then, the location of target UE can be calculated by using the following formula: 
 
Through the above carrier phase positioning method, we can obtain the location of UE without the location of TRP.
Proposal 12: Necessary mechanism to support UE-based carrier phase positioning without the location of TRP can be further investigated in RAN1 during the WI phase.

Carrier phase difference based AoD
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]In RAN1#110bis-e, carrier phase difference based AoD has been discussed and the following options have been provided by the FL.
	Interested companies are invited to provide their views on the following options:
· Option 1: No further discussion on phase-difference DL-AoD, because DL-AoD is not in the scope of the SI.
· Option 2: Study and evaluate the phase-difference DL-AoD in the SI.
· Option 3: No further discussion of phase-difference DL-AoD. Instead, supporting a UE to report the phase-difference measurements of different TRP Tx antennas/antenna panels/antenna ports, together with the information related to the TRP antennas. Then, how to use the phase-difference measurements for positioning, with or without explicitly estimating DL-AoD, is up to the LMF’s implementation.



We think there is no need to study the carrier phase difference based AoD. In RAN1#110bis-e, we have agreed to consider the carrier phase measured from the DL PRS signal(s) of a TRP and the carrier phase difference between the target TRP and the reference TRP. Based on these measurements, LMF is able to calculate the phase-difference AoD without any special optimization for UE. 
Proposal 13: Carrier phase difference based AoD should not explicitly be considered, but rather left up to network implementation using the carrier phase measurement reporting.

Carrier phase slope based ToA
[bookmark: OLE_LINK15]In RAN1#110bis-e, solutions of integer ambiguity for UE-assisted carrier phase positioning has been discussed and FL has the following proposal.
	· Further study the impact of the solutions of integer ambiguity for UE -assisted carrier phase positioning on the specification, which includes, but is not limited to, the following:
· Reporting of the determined integer ambiguity and/or the search range of the integer ambiguity from UE /TRP
· Reporting of the carrier phase measurements together with the legacy positioning measurements from UE /TRP to LMF
· LMF Configure the integer ambiguity range between the TRP and target UE
· Reporting of the information (e.g., slope) obtained from the phase-difference of multiple subcarriers from UE /TRP to LMF
· Reporting of the new (e.g., based on slope of carrier phase) time-based positioning measurements from UE /TRP to LMF 



[bookmark: OLE_LINK12]We think ‘(e.g., based on slope of carrier phase)’ in the last bullet should be removed because the meaning of the slope is strange and misleading. For a single LOS path, we can obtain the slope of carrier phase as following

in which,  represents the ToA. As we can see, the slope is equal to . As a result, the slope has no new physical meaning in addition to ToA. One may argue that this phase slope could be an absolute ToA reporting different than the current ToA (e.g.RSTD, UE Rx – Tx time difference). This is not true, because the phase slope is obtained under specific FFT window timing, and phase slope is somewhat a relative ToA to the FFT location in the time domain. One may also argue that the slope may have a finer granularity than the current ToA (e.g. RSTD, UE Rx – Tx time difference), and we could further extend the resolution of ToA reporting.
Since there is a deterministic relationship between the slope and the ToA, we do not think it is proper to introduce the same concept of scope as ToA again.
In addition, the slope may be subject to various interferences, e.g. multi-path, which anyway would require time domain windowing to mitigate the impact.
[bookmark: OLE_LINK6]Proposal 14: For the solutions of integer ambiguity, RAN1 could work on a finer granularity of the ToA measurements reporting instead of introducing the slope of carrier phase.

Summary
In summary, we have the following proposal for section 6.3.3 of the TR.
Proposal 15: Include the text in section 6.3.3.
Report of the phase measurement for the first path and additional path by the UE and the gNB to the LMF should be supported for LMF-based carrier phase positioning.
· The phase measurement may correspond to one or multiple frequencies within the CC.
· For the UE phase measurement reporting, at least consider the differential value between the PRS from two TRPs.
Enhancement of assistance data should be supported for UE-based carrier phase positioning.
· UE-based carrier phase positioning without knowing the TRP location may be further considered.

Conclusion
In this contribution, we have the following observations and proposals with regards to the NR carrier phase positioning.
Observation 1: the impact of CFO on carrier phase positioning is negligible.
Observation 2: Double differential carrier phase can eliminate the random initial phase and oscillator-drift of the receiver and the transmitter.
Observation 3: The ARP error deteriorates the carrier phase positioning accuracy even the double differential method (with PRU) is used.
Observation 4: Double differential carrier phase positioning technique can eliminate some influence of PCO.
Observation 5: Multi-frequency carrier phase positioning method is robust to gNB ARP position errors and can achieve centimeter-level positioning accuracy.

Proposal 1:  Rel-18 shall target the accuracy requirement of 1cm@50% for positioning using carrier phase measurement.
Proposal 2: Enhancements of the existing DL PRS or UL SRS should not be considered in Rel-18.
Proposal 3: Change the text agreed in RAN1#110bis-e to reflect the issue of initial phase problem only exists in the TRP side, i.e. between TRPs.
Proposal 4: The double differential carrier phase and multi-frequency carrier phase should be considered for carrier phase positioning.
Proposal 5: Reporting of phase measurements with existing measurements should be supported.
Proposal 6: For DL UE-assisted NR carrier phase positioning, phase difference between the target TRP and reference TRP can be reported by UE.
Proposal 7: For UL NR carrier phase positioning, first path phase can be reported by TRP.
Proposal 8: For UL carrier phase positioning method, the TRP can report carrier phase measurements on multiple frequencies or distance information computed from multi-frequency carrier phase measurements, where the multiple frequencies can be the frequencies of different carriers or the subcarriers within the same carrier.
Proposal 9: For DL LMF-based carrier phase positioning method, the UE can report carrier phase measurements on multiple frequencies or distance information computed from multi-frequency carrier phase measurements, where the multiple frequencies can be the frequencies of different carriers or the subcarriers within the same carrier.
Proposal 10: For carrier phase positioning, the TRP/UE can report the carrier phases of the first path and the additional paths.
Proposal 11: For UE-based carrier phase positioning, the carrier phase measurements of PRU can be transferred from LMF/PRU to UE.
Proposal 12: Necessary mechanism to support UE-based carrier phase positioning without the location of TRP can be further investigated in RAN1 during the WI phase.
Proposal 13: Carrier phase difference based AoD should not explicitly be considered, but rather left up to network implementation using the carrier phase measurement reporting.
Proposal 14: For the solutions of integer ambiguity, RAN1 could work on a finer granularity of the ToA measurements reporting instead of introducing the slope of carrier phase.
Proposal 15: Include the text in section 6.3.3.
Report of the phase measurement for the first path and additional path by the UE and the gNB to the LMF should be supported for LMF-based carrier phase positioning.
· The phase measurement may correspond to one or multiple frequencies within the CC.
· For the UE phase measurement reporting, at least consider the differential value between the PRS from two TRPs.
Enhancement of assistance data should be supported for UE-based carrier phase positioning.
· UE-based carrier phase positioning without knowing the TRP location may be further considered.
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[bookmark: OLE_LINK13]Text proposal on the evaluation results
[bookmark: _Toc112369723]B.4.X	Results from source [X]
[bookmark: _Toc112369724]B.4.X.1	Description of evaluation scenarios
Evaluation scenarios, key techniques, and assumptions for performance analysis of NR carrier phase positioning in perfect scenarios are provided in Table B.4.X.1-1.
Evaluation scenarios, key techniques, and assumptions for performance analysis of NR carrier phase positioning with the CFO are provided in Table B.4.X.1-2.
Evaluation scenarios, key techniques, and assumptions for performance analysis of NR carrier phase positioning with the random initial phase are provided in Table B.4.X.1-3.
Evaluation scenarios, key techniques, and assumptions for performance analysis of NR carrier phase positioning with the gNB ARP error are provided in Table B.4.X.1-4.
Evaluation scenarios, key techniques, and assumptions for performance analysis of NR carrier phase positioning with the gNB PCO are provided in Table B.4.X.1-5.
Evaluation scenarios, key techniques, and assumptions for performance analysis of NR carrier phase positioning with both the random initial phase and the gNB ARP error are provided in Table B.4.X.1-6.

Table B.4.X.1-1: NR carrier phase positioning enhancements - evaluation scenarios and parameters in perfect scenarios from [X]
	Parameter
	Case 1, InF-SH
	Case 2, InF-DH
	Case 3, InF-SH
	Case 4, InF-DH
	Case 5, InF-SH
	Case 6, InF-DH

	Scenario
[TS 38.855, TS 38.857]
	38.855
	38.855
	38.855
	38.855
	38.855
	38.855

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

	Bandwidth, MHz
	100
	100
	20
	20
	100
	100

	Subcarrier spacing, kHz
	30
	30
	30
	30
	30
	30

	RS signal descriptions
(PRS or posSRS, Number of OFDM simbles, Comb size)
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4

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

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

	Carrier phase estimation techniques
(time-domain, freq-domain, references)
	time-domain
	time-domain
	time-domain
	time-domain
	time-domain
	time-domain

	Differential positioning techniques if used
(e.g., single differential, double differential, etc.)
	None
	None
	None
	None
	single differential
	single differential

	Integer ambiguity resolution techniques
(e.g., virtual Integer ambiguity, LAMBDA, cost functions, Least squares, …)
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions

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

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

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

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

	UE/TRP Initial phase offset
	0
	0
	0
	0
	0
	0

	CFO/Doppler
	0
	0
	0
	0
	0
	0

	Oscillator-drifts
	0
	0
	0
	0
	0
	0

	ARP errors
	0
	0
	0
	0
	0
	0

	Phase Center Offsets
	0
	0
	0
	0
	0
	0

	Phase noise (FR2)
	None
	None
	None
	None
	None
	None

	Additional notes, if any
	
	
	
	
	
	

	PRU assumptions (Note 1)
	
	
	
	
	
	

	Note 1: PRU deployment assumptions may include the assumptions on the number of PRUs, PRU locations, location errors, etc.



	Parameter
	Case 7, InF-SH
	Case 8, InF-DH
	Case 9, InF-SH
	Case 10, InF-DH
	Case 11, InF-SH
	Case 12, InF-DH

	Scenario
[TS 38.855, TS 38.857]
	38.855
	38.855
	38.855
	38.855
	38.855
	38.855

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

	Bandwidth, MHz
	20
	20
	100
	100
	20
	20

	Subcarrier spacing, kHz
	30
	30
	30
	30
	30
	30

	RS signal descriptions
(PRS or posSRS, Number of OFDM simbles, Comb size)
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4

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

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

	Carrier phase estimation techniques
(time-domain, freq-domain, references)
	time-domain
	time-domain
	time-domain
	time-domain
	time-domain
	time-domain

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

	Integer ambiguity resolution techniques
(e.g., virtual Integer ambiguity, LAMBDA, cost functions, Least squares, …)
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions

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

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

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

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

	UE/TRP Initial phase offset
	0
	0
	0
	0
	0
	0

	CFO/Doppler
	0
	0
	0
	0
	0
	0

	Oscillator-drifts
	0
	0
	0
	0
	0
	0

	ARP errors
	0
	0
	0
	0
	0
	0

	Phase Center Offsets
	0
	0
	0
	0
	0
	0

	Phase noise (FR2)
	None
	None
	None
	None
	None
	None

	Additional notes, if any
	
	
	
	
	
	

	PRU assumptions (Note 1)
	
	
	PRU is 5m away from UE
	PRU is 5m away from UE
	PRU is 5m away from UE
	PRU is 5m away from UE

	Note 1: PRU deployment assumptions may include the assumptions on the number of PRUs, PRU locations, location errors, etc.



Table B.4.X.1-2: NR carrier phase positioning enhancements - evaluation scenarios and parameters with the CFO from [X]
	Parameter
	Case 13, InF-SH
	Case 14, InF-DH
	Case 15, InF-SH
	Case 16, InF-DH

	Scenario
[TS 38.855, TS 38.857]
	38.855
	38.855
	38.855
	38.855

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

	Bandwidth, MHz
	100
	100
	100
	100

	Subcarrier spacing, kHz
	30
	30
	30
	30

	RS signal descriptions
(PRS or posSRS, Number of OFDM simbles, Comb size)
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4

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

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

	Carrier phase estimation techniques
(time-domain, freq-domain, references)
	time-domain
	time-domain
	time-domain
	time-domain

	Differential positioning techniques if used
(e.g., single differential, double differential, etc.)
	None
	None
	None
	None

	Integer ambiguity resolution techniques
(e.g., virtual Integer ambiguity, LAMBDA, cost functions, Least squares, …)
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions

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

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

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

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

	UE/TRP Initial phase offset
	0
	0
	0
	0

	CFO/Doppler
	[-30, +30] Hz
	[-30, +30] Hz
	[-100, +100] Hz
	[-100, +100] Hz

	Oscillator-drifts
	0
	0
	0
	0

	ARP errors
	0
	0
	0
	0

	Phase Center Offsets
	0
	0
	0
	0

	Phase noise (FR2)
	0
	0
	0
	0

	Additional notes, if any
	
	
	
	

	PRU assumptions (Note 1)
	
	
	
	

	Note 1: PRU deployment assumptions may include the assumptions on the number of PRUs, PRU locations, location errors, etc.



Table B.4.X.1-3: NR carrier phase positioning enhancements - evaluation scenarios and parameters with the random initial phase from [X]
	Parameter
	Case 17, InF-SH
	Case 18, InF-DH
	Case 19, InF-SH
	Case 20, InF-DH
	Case 21, InF-SH
	Case 22, InF-DH

	Scenario
[TS 38.855, TS 38.857]
	38.855
	38.855
	38.855
	38.855
	38.855
	38.855

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

	Bandwidth, MHz
	100
	100
	100
	100
	100
	100

	Subcarrier spacing, kHz
	30
	30
	30
	30
	30
	30

	RS signal descriptions
(PRS or posSRS, Number of OFDM simbles, Comb size)
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4

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

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

	Carrier phase estimation techniques
(time-domain, freq-domain, references)
	time-domain
	time-domain
	time-domain
	time-domain
	time-domain
	time-domain

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

	Integer ambiguity resolution techniques
(e.g., virtual Integer ambiguity, LAMBDA, cost functions, Least squares, …)
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions

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

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

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

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

	UE/TRP Initial phase offset
	UE Initial phase offset
	UE Initial phase offset
	UE and TRP Initial phase offset
	UE and TRP Initial phase offset
	UE and TRP Initial phase offset
	UE and TRP Initial phase offset

	CFO/Doppler
	0
	0
	0
	0
	0
	0

	Oscillator-drifts
	0
	0
	0
	0
	0
	0

	ARP errors
	0
	0
	0
	0
	0
	0

	Phase Center Offsets
	0
	0
	0
	0
	0
	0

	Phase noise (FR2)
	None
	None
	None
	None
	None
	None

	Additional notes, if any
	
	
	
	
	
	

	PRU assumptions (Note 1)
	
	
	
	
	PRU is 5m away from UE
	PRU is 5m away from UE

	Note 1: PRU deployment assumptions may include the assumptions on the number of PRUs, PRU locations, location errors, etc.



Table B.4.X.1-4: NR carrier phase positioning enhancements - evaluation scenarios and parameters with the gNB ARP error from [X]
	Parameter
	Case 23, InF-SH
	Case 24, InF-DH
	Case 25, InF-SH
	Case 26, InF-DH
	Case 27, InF-SH
	Case 28, InF-DH

	Scenario
[TS 38.855, TS 38.857]
	38.855
	38.855
	38.855
	38.855
	38.855
	38.855

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

	Bandwidth, MHz
	100
	100
	100
	100
	100
	100

	Subcarrier spacing, kHz
	30
	30
	30
	30
	30
	30

	RS signal descriptions
(PRS or posSRS, Number of OFDM simbles, Comb size)
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4

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

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

	Carrier phase estimation techniques
(time-domain, freq-domain, references)
	time-domain
	time-domain
	time-domain
	time-domain
	time-domain
	time-domain

	Differential positioning techniques if used
(e.g., single differential, double differential, etc.)
	none
	none
	none
	none
	double differential
	double differential

	Integer ambiguity resolution techniques
(e.g., virtual Integer ambiguity, LAMBDA, cost functions, Least squares, …)
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions

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

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

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

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

	UE/TRP Initial phase offset
	0
	0
	0
	0
	0
	0

	CFO/Doppler
	0
	0
	0
	0
	0
	0

	Oscillator-drifts
	0
	0
	0
	0
	0
	0

	ARP errors
	1cm
	1cm
	5cm
	5cm
	1cm
	1cm

	Phase Center Offsets
	0
	0
	0
	0
	0
	0

	Phase noise (FR2)
	0
	0
	0
	0
	0
	0

	Additional notes, if any
	
	
	
	
	
	

	PRU assumptions (Note 1)
	
	
	
	
	PRU is 5m away from UE
	PRU is 5m away from UE

	Note 1: PRU deployment assumptions may include the assumptions on the number of PRUs, PRU locations, location errors, etc



	Parameter
	Case 29, InF-SH
	Case 30, InF-DH
	Case 31, InF-SH
	Case 32, InF-DH
	Case33, InF-SH
	Case 34, InF-DH

	Scenario
[TS 38.855, TS 38.857]
	38.855
	38.855
	38.855
	38.855
	38.855
	38.855

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

	Bandwidth, MHz
	100
	20
	100
	20
	100
	20

	Subcarrier spacing, kHz
	30
	30
	30
	30
	30
	30

	RS signal descriptions
(PRS or posSRS, Number of OFDM simbles, Comb size)
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4

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

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

	Carrier phase estimation techniques
(time-domain, freq-domain, references)
	time-domain
	time-domain
	time-domain
	time-domain
	time-domain
	time-domain

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

	Integer ambiguity resolution techniques
(e.g., virtual Integer ambiguity, LAMBDA, cost functions, Least squares, …)
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions

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

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

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

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

	UE/TRP Initial phase offset
	0
	0
	0
	0
	0
	0

	CFO/Doppler
	0
	0
	0
	0
	0
	0

	Oscillator-drifts
	0
	0
	0
	0
	0
	0

	ARP errors
	5cm
	5cm
	1cm
	1cm
	5cm
	5cm

	Phase Center Offsets
	0
	0
	0
	0
	0
	0

	Phase noise (FR2)
	0
	0
	0
	0
	0
	0

	Additional notes, if any
	
	
	
	
	
	

	PRU assumptions (Note 1)
	PRU is 5m away from UE
	PRU is 5m away from UE
	PRU is 2m away from UE
	PRU is 2m away from UE
	PRU is 2m away from UE
	PRU is 2m away from UE

	Note 1: PRU deployment assumptions may include the assumptions on the number of PRUs, PRU locations, location errors, etc.



Table B.4.X.1-5: NR carrier phase positioning enhancements - evaluation scenarios and parameters with the gNB PCO from [X]
	Parameter
	Case 35, InF-SH
	Case 36, InF-DH
	Case 37, InF-SH
	Case 38, InF-DH
	Case 39, InF-SH
	Case 40, InF-DH
	Case 41, InF-SH
	Case 42, InF-DH

	Scenario 
[TS 38.855, TS 38.857]
	38.855
	38.855
	38.855
	38.855
	38.855
	38.855
	38.855
	38.855

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

	Bandwidth, MHz
	100
	100
	100
	100
	100
	100
	100
	100

	Subcarrier spacing, kHz
	30
	30
	30
	30
	30
	30
	30
	30

	RS signal descriptions
(PRS or posSRS, Number of OFDM simbles, Comb size)
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4

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

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

	Carrier phase estimation techniques 
(time-domain, freq-domain, references)
	time-domain
	time-domain
	time-domain
	time-domain
	time-domain
	time-domain
	time-domain
	time-domain

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

	Integer ambiguity resolution techniques 
(e.g., virtual Integer ambiguity, LAMBDA, cost functions, Least squares, …)
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions

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

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

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

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

	UE/TRP Initial phase offset 
	0
	0
	0
	0
	0
	0
	0
	0

	CFO/Doppler
	0
	0
	0
	0
	0
	0
	0
	0

	Oscillator-drifts
	0
	0
	0
	0
	0
	0
	0
	0

	ARP errors
	0
	0
	0
	0
	0
	0
	0
	0

	Phase Center Offsets
	a=1
w=0
	a=1
w=0
	a=3
w=0
	a=3
w=0
	a=1
w=0
	a=1
w=0
	a=3
w=0
	a=3
w=0

	Phase noise (FR2)
	0
	0
	0
	0
	0
	0
	0
	0

	Additional notes, if any
	
	
	
	
	
	
	
	

	PRU assumptions (Note 1)
	
	
	
	
	PRU is 5m away from UE
	PRU is 5m away from UE
	PRU is 5m away from UE
	PRU is 5m away from UE

	Note 1: PRU deployment assumptions may include the assumptions on the number of PRUs, PRU locations, location errors, etc.



Table B.4.X.1-6: NR carrier phase positioning enhancements - evaluation scenarios and parameters with both the random initial phase and the gNB ARP error from [X]
	Parameter
	Case 43, InF-SH
	Case 44, InF-DH
	Case 45, InF-SH
	Case 46, InF-DH
	Case 47, InF-SH
	Case 48, InF-SH

	Scenario 
[TS 38.855, TS 38.857]
	38.855
	38.855
	38.855
	38.855
	38.855
	38.855

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

	Bandwidth, MHz
	100
	100
	100
	100
	160
	160

	Subcarrier spacing, kHz
	30
	30
	30
	30
	30
	30

	RS signal descriptions
(PRS or posSRS, Number of OFDM simbles, Comb size)
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4
	posSRS
Comb-4

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

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

	Carrier phase estimation techniques 
(time-domain, freq-domain, references)
	time-domain
	time-domain
	time-domain
	time-domain
	time-domain
	time-domain

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

	Integer ambiguity resolution techniques 
(e.g., virtual Integer ambiguity, LAMBDA, cost functions, Least squares, …)
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions
	Integer least squares and cost functions
	virtual Integer ambiguity
	virtual Integer ambiguity

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

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

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

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

	UE/TRP Initial phase offset 
	UE and TRP Initial phase offset
	UE and TRP Initial phase offset
	UE and TRP Initial phase offset
	UE and TRP Initial phase offset
	UE and TRP Initial phase offset
	UE and TRP Initial phase offset

	CFO/Doppler
	0
	0
	0
	0
	0
	0

	Oscillator-drifts
	0
	0
	0
	0
	0
	0

	ARP errors
	1cm
	1cm
	5cm
	5cm
	1cm
	5cm

	Phase Center Offsets
	0
	0
	0
	0
	0
	0

	Phase noise (FR2)
	0
	0
	0
	0
	0
	0

	Additional notes, if any
	
	
	
	
	
	

	PRU assumptions (Note 1)
	[bookmark: OLE_LINK7]PRU is 5m away from UE
	PRU is 5m away from UE
	PRU is 5m away from UE
	PRU is 5m away from UE
	PRU is 5m away from UE
	PRU is 5m away from UE

	Note 1: PRU deployment assumptions may include the assumptions on the number of PRUs, PRU locations, location errors, etc.



[bookmark: _Toc112369725]B.4.X.2	Positioning accuracy evaluation results for NR Carrier Phase Positioning
Table B.4.X.2-1 provides horizontal positioning accuracy results using NR carrier phase positioning in perfect scenarios.
Table B.4.X.2-2 provides horizontal positioning accuracy results using NR carrier phase positioning with the CFO.
Table B.4.X.2-3 provides horizontal positioning accuracy results using NR carrier phase positioning with the random initial phase.
Table B.4.X.2-4 provides horizontal positioning accuracy results using NR carrier phase positioning with the gNB ARP error.
Table B.4.X.2-5 provides horizontal positioning accuracy results using NR carrier phase positioning with the gNB PCO.
Table B.4.X.2-6 provides horizontal positioning accuracy results using NR carrier phase positioning with both the random initial phase and the gNB ARP error.

Table B.4.X.2-1: NR carrier phase positioning - horizontal accuracy in perfect scenarios from [X]
	[Case ID], [Scenario], [additional descriptions]
	50%
	67%
	80%
	90%
	Met target requirements? 
(Yes/No)
	Additional comments

	Case 1, InF-SH, 100M, UL-POA
	0.00018
	0.00036
	0.00074
	0.00184
	Y
	

	Case 2, InF-DH, 100M, UL-POA
	0.00024
	0.00058
	0.00234
	1.0541
	Y
	

	Case 3, InF-SH, 20M, UL-POA
	0.00086
	0.00208
	0.15945
	2.3373
	Y
	

	Case 4, InF-DH, 20M, UL-POA
	0.54928
	1.8733
	3.3055
	7.4243
	N
	

	Case 5, InF-SH, 100M, single differential UL-POA
	0.00023
	0.00054
	0.00122
	0.00434
	Y
	

	Case 6, InF-DH, 100M, single differential UL-POA
	0.00111
	0.57064
	0.97391
	1.3698
	Y
	

	Case 7, InF-SH, 20M, single differential UL-POA
	0.00124
	0.00350
	0.84404
	1.7309
	Y
	

	Case 8, InF-DH, 20M, single differential UL-POA
	0.91584
	1.4492
	2.101
	3.5818
	N
	

	Case 9, InF-SH, 100M, double differential UL-POA (PRU 5m)
	0.00058
	0.00125
	0.00255
	0.01901
	Y
	

	Case 10, InF-DH, 100M, double differential UL-POA (PRU 5m)
	0.00278
	0.62379
	1.0138
	1.3716
	Y
	

	Case 11, InF-SH, 20M, double differential UL-POA (PRU 5m)
	0.00237
	0.00961
	1.0986
	2.005
	Y
	

	Case 12, InF-DH, 20M, double differential UL-POA (PRU 5m)
	0.96012
	1.483
	2.1519
	4.0226
	N
	



Table B.4.X.2-2: NR carrier phase positioning - horizontal accuracy with the CFO from [X]
	[Case ID], [Scenario], [additional descriptions]
	50%
	67%
	80%
	90%
	Met target requirements? 
(Yes/No)
	Additional comments

	Case 13, InF-SH, CFO TRP10Hz and UE30Hz
	0.00013
	0.00028
	0.00059
	0.00135
	Y
	

	Case 14, InF-DH, CFO TRP10Hz and UE30Hz
	0.00031
	0.00086
	0.1895
	1.3262
	Y
	

	Case 15, InF-SH, CFO TRP10Hz and UE100Hz
	0.00016
	0.00035
	0.00065
	0.0016
	Y
	

	Case 16, InF-DH, CFO TRP10Hz and UE100Hz
	0.00031
	0.00092
	0.2615
	1.2725
	Y
	



Table B.4.X.2-3: NR carrier phase positioning - horizontal accuracy with the random initial phase from [X]
	[Case ID], [Scenario], [additional descriptions]
	50%
	67%
	80%
	90%
	Met target requirements? 
(Yes/No)
	Additional comments

	Case 17, InF-SH, random initial phase (trans), single differential UL-POA
	0.00025
	0.00051
	0.00101
	0.00316
	Y
	

	Case 18, InF-DH, random initial phase (trans), single differential UL-POA
	0.00120
	0.60019
	1.0193
	1.387
	Y
	

	Case 19, InF-SH, random initial phase (rec/trans), single differential UL-POA
	1.0251
	1.2896
	1.5892
	2.0754
	N
	

	Case 20, InF-DH, random initial phase (rec/trans), single differential UL-POA
	0.95185
	1.1896
	1.4667
	1.8026
	N
	

	Case 21, InF-SH, random initial phase (rec/trans), double differential UL-POA (PRU 5m)
	0.00050
	0.00103
	0.00241
	0.01369
	Y
	

	Case 22, InF-DH, random initial phase (rec/trans), double differential UL-POA (PRU 5m)
	0.00236
	0.64968
	1.0402
	1.3857
	Y
	



Table B.4.X.2-4: NR carrier phase positioning - horizontal accuracy with the gNB ARP error from [X]
	[Case ID], [Scenario], [additional descriptions]
	50%
	67%
	80%
	90%
	Met target requirements? 
(Yes/No)
	Additional comments

	Case 23, InF-SH, ARP error 1cm, UL-POA
	1.3368
	1.746
	2.121
	2.5781
	N
	

	Case 24, InF-DH, ARP error 1cm, UL-POA
	1.2329
	1.579
	1.9317
	2.4507
	N
	

	Case 25, InF-SH, ARP error 5cm, UL-POA
	1.4595
	1.8272
	2.2436
	2.6966
	N
	

	Case 26, InF-DH, ARP error 5cm, UL-POA
	1.2318
	1.5742
	1.9392
	2.387
	N
	

	Case 27, InF-SH, ARP error 1cm, double differential UL-POA (PRU 5m)
	0.00283
	0.00701
	0.57269
	1.2051
	Y
	

	Case 28, InF-DH, ARP error 1cm, double differential UL-POA (PRU 5m)
	0.75118
	1.0593
	1.3217
	1.6719
	N
	

	Case 29, InF-SH, ARP error 5cm, double differential UL-POA (PRU 5m)
	0.74247
	1.0553
	1.3606
	1.8066
	N
	

	Case 30, InF-DH, ARP error 5cm, double differential UL-POA (PRU 5m)
	0.92375
	1.1703
	1.3996
	1.7605
	N
	

	Case 31, InF-SH, ARP error 1cm, double differential UL-POA (PRU 2m)
	0.00149
	0.00298
	0.00936
	0.89098
	Y
	

	Case 32, InF-DH, ARP error 1cm, double differential UL-POA (PRU 2m)
	0.56419
	0.94121
	1.1915
	1.4847
	N
	

	Case 33, InF-SH, ARP error 5cm, double differential UL-POA (PRU 2m)
	0.01052
	0.65011
	1.0335
	1.5082
	N
	

	Case 34, InF-DH, ARP error 5cm, double differential UL-POA (PRU 2m)
	0.85975
	1.0953
	1.361
	1.7484
	N
	



Table B.4.X.2-5: NR carrier phase positioning - horizontal accuracy with the gNB PCO from [X]
	[Case ID], [Scenario], [additional descriptions]
	50%
	67%
	80%
	90%
	Met target requirements? 
(Yes/No)
	Additional comments

	Case 35, InF-SH, PCO a=1, single differential UL-POA
	0.5936
	0.9333
	1.2081
	1.5331
	N
	

	Case 36, InF-DH, PCO a=1, single differential UL-POA
	0.8349
	1.1274
	1.3985
	1.8244
	N
	

	Case 37, InF-SH, PCO a=3, single differential UL-POA
	0.8469
	1.1156
	1.3922
	1.7844
	N
	

	Case 38, InF-DH, PCO a=3, single differential UL-POA
	0.9192
	1.1661
	1.4393
	1.8515
	N
	

	Case 39, InF-SH, PCO a=1, double differential UL-POA (PRU 5m)
	0.0006
	0.0015
	0.0041
	0.6446
	Y
	

	Case 40, InF-DH, PCO a=1, double differential UL-POA (PRU 5m)
	0.3676
	0.8621
	1.1561
	1.6252
	N
	

	Case 41, InF-SH, PCO a=3, double differential UL-POA (PRU 5m)
	0.0007
	0.0017
	0.0075
	0.9076
	Y
	

	Case 42, InF-DH, PCO a=3, double differential UL-POA (PRU 5m)
	0.4896
	0.8937
	1.2148
	1.644
	N
	



Table B.4.X.2-6: NR carrier phase positioning - horizontal accuracy with both the random initial phase and the gNB ARP error from [X]
	[Case ID], [Scenario], [additional descriptions]
	50%
	67%
	80%
	90%
	Met target requirements? 
(Yes/No)
	Additional comments

	Case 43, InF-SH, ARP error 1cm, double differential UL-POA (PRU 5m), random initial phase (rec/trans)
	0.00306
	0.00848
	0.65333
	1.2305
	Y
	

	Case 44, InF-DH, ARP error 1cm, double differential UL-POA (PRU 5m), random initial phase (rec/trans)
	0.71086
	1.0234
	1.2683
	1.6288
	N
	

	Case 45, InF-SH, ARP error 5cm, double differential UL-POA (PRU 5m), random initial phase (rec/trans)
	0.73594
	1.0428
	1.3812
	1.779
	N
	

	Case 46, InF-DH, ARP error 5cm, double differential UL-POA (PRU 5m), random initial phase (rec/trans)
	0.88533
	1.1479
	1.3841
	1.7463
	N
	

	Case 47, InF-SH, ARP error 1cm, double differential/multi-freq UL-POA (PRU 5m), random initial phase (rec/trans)
	0.01252
	0.01766
	0.02765
	0.04860
	N
	

	Case 48, InF-DH, ARP error 5cm, double differential/multi-freq UL-POA (PRU 5m), random initial phase (rec/trans)
	0.05986
	0.08327
	0.11879
	0.19365
	N
	



Figure B.4.X.2-1.1 provides horizontal positioning accuracy results using NR carrier phase positioning in perfect scenarios.
Figure B.4.X.2-1.2 provides horizontal positioning accuracy results using NR single differential carrier phase positioning in perfect scenarios.
Figure B.4.X.2-1.3 provides horizontal positioning accuracy results using NR double differential carrier phase positioning in perfect scenarios.
Figure B.4.X.2-2 provides horizontal positioning accuracy results using NR carrier phase positioning with the CFO.
Figure B.4.X.2-3.1 provides horizontal positioning accuracy results using NR carrier phase positioning with the random initial phase of the transmitter.
Figure B.4.X.2-3.2 provides horizontal positioning accuracy results using NR carrier phase positioning with the random initial phase of the transmitter and the receiver.
Figure B.4.X.2-4.1 provides horizontal positioning accuracy results using NR single differential carrier phase positioning with the gNB ARP error.
Figure B.4.X.2-4.2 provides horizontal positioning accuracy results using NR double differential carrier phase positioning with PRU 5m away from UE with the gNB ARP error.
Figure B.4.X.2-4.3 provides horizontal positioning accuracy results using NR double differential carrier phase positioning with PRU 5m away from UE with the gNB ARP error.
Figure B.4.X.2-5.1 provides horizontal positioning accuracy results using NR single differential carrier phase positioning with the gNB PCO.
Figure B.4.X.2-5.2 provides horizontal positioning accuracy results using NR double differential carrier phase positioning with the gNB PCO.
Figure B.4.X.2-6.1 provides horizontal positioning accuracy results using NR double differential carrier phase positioning with both the random initial phase and the gNB ARP error.
Figure B.4.X.2-6.2 provides horizontal positioning accuracy results using NR double differential and multi-frequency carrier phase positioning with both the random initial phase and the gNB ARP error.
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Figure B.4.X.2-1.1: NR carrier phase positioning - horizontal accuracy in perfect scenarios from [X]
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Figure B.4.X.2-1.2: NR single differential carrier phase positioning - horizontal accuracy in perfect scenarios from [X]
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Figure B.4.X.2-1.3: NR double differential carrier phase positioning - horizontal accuracy in perfect scenarios from [X]
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Figure B.4.X.2-2: NR carrier phase positioning - horizontal accuracy with the CFO from [X]
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Figure B.4.X.2-3.1: NR carrier phase positioning - horizontal accuracy with the random initial phase of the transmitter from [X]
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Figure B.4.X.2-3.2: NR carrier phase positioning - horizontal accuracy with the random initial phase of the transmitter and the receiver from [X]
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Figure B.4.X.2-4.1: NR single differential carrier phase positioning - horizontal accuracy with the gNB ARP error from [X]
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Figure B.4.X.2-4.2: NR double differential carrier phase positioning with PRU 5m away from UE - horizontal accuracy with the gNB ARP error from [X]
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Figure B.4.X.2-4.3: NR double differential carrier phase positioning with PRU 2m away from UE - horizontal accuracy with the gNB ARP error from [X]
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Figure B.4.X.2-5.1: NR single differential carrier phase positioning - horizontal accuracy with the gNB PCO from [X]
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Figure B.4.X.2-5.2: NR double differential carrier phase positioning - horizontal accuracy with the gNB PCO from [X]
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Figure B.4.X.2-6.1: NR double differential carrier phase positioning - horizontal accuracy with both the random initial phase and the gNB ARP error from [X]
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Figure B.4.X.2-6.2: NR double differential and multi-frequency carrier phase positioning - horizontal accuracy with both the random initial phase and the gNB ARP error from [X]
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