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Introduction
The Rel-18 WID [1] for NR positioning contains several enhancements, including:
· Support of NR DL and UL carrier phase positioning for UE-based, UE-assisted, and NG-RAN node assisted positioning
NR carrier phase positioning (NR CPP) has been studied in the FS_NR_pos_enh2 study item by RAN1 with company contributions and outcome of the study being captured in TR 38.859 [2]. 
In this contribution we provide initial simulation results for DL NR CPP. It is noted that these results do not contain any RF/BB impairments. However, the great potential of this positioning technology in terms of improved positioning accuracy can be seen. First simulation assumptions are listed and then the respective simulation results are provided.
Simulation Assumptions
In this section we provide a list of simulation assumptions, considering [3] containing baseline assumptions, which are collected in Table 1.
	 Parameter
	Value / FR1

	Carrier frequency/ SCS/ duplexing mode
	· 2GHz/ 15kHz / TDD
· 2GHz/ 30kHz / TDD

	Propagation conditions [TS 38.101-4]
	AWGN

	Es/Iot [dB]
	-3dB, -13dB

	Number of UE receive antennas
	1 rx antenna

	Number of gNB antennas
	1 tx antenna

	UE measurement bandwidth
	Full carrier bandwidth

	Data and CCH load in PRS symbols
	No other cell transmission in its positioning symbols, except PRS

	Duplex mode
	TDD

	Cyclic prefix 
	Normal


Table 1: Simulation assumptions for NR CPP.
As a baseline, we considered PRS BW configurations defined in [4]; the PRS configurations as listed in Table 2 were used in the simulation study. Note the repetition factor relates to repetitions in adjacent slots.
	SCS (KHz)
	PRS BW in RB
	FFT-size/
sampling rate (Tc)
	Num 
Symbols
	Comb 
Size
	Repetition 
Factor

	15
	24
	512 / 256
	2
	2
	1,2,4

	
	
	
	4
	4
	1,2,4

	
	52
	1024 / 128
	2
	2
	1,2,4

	
	
	
	4
	4
	1,2,4

	
	104
	2048 / 64
	2
	2
	1,2,4

	
	
	
	4
	4
	1,2,4

	
	268
	4096 / 32
	2
	2
	1,2,4

	
	
	
	4
	4
	1,2,4

	30
	24
	512 / 128
	2
	2
	1,2,4

	
	
	
	4
	4
	1,2,4

	
	48
	1024 / 64
	2
	2
	1,2,4

	
	
	
	4
	4
	1,2,4

	
	132
	2048 / 32
	2
	2
	1,2,4

	
	
	
	4
	4
	1,2,4

	
	272
	4096 / 16
	2
	2
	1,2,4

	
	
	
	4
	4
	1,2,4


Table 2: PRS configurations used for NR CPP study for SCS = 15kHz and 30kHz.
No RF/BB impairments are included in the simulations. 
Simulation Results
[bookmark: _Hlk127450045]In this section we provide the simulation results for the above listed simulation assumptions. The results are reported for 90 percentile CDF of the DL carrier phase estimation error, i.e., 90% of measurements for given Es/Iot (-13dB, -3dB).
FR1, SCS = 15kHz
The DL carrier phase accuracy for AWGN channel in percentage of the carrier wavelength, derived from the 90 percentiles of the CDF for the measured carrier phase error, is listed in Table 3. 
	SCS (kHz)
	PRS BW 
in RB
	FFT-size/
sampling rate (Tc)
	Num Symbols/ Comb Size
	Repetition 
Factor
	Es/Iot = -13dB
(accuracy in % of carrier wavelength)
	Es/Iot =-3dB)
(accuracy in % of carrier wavelength)

	15
	24
	512 / 256
	2 / 2

	1
	6.99
	1.7

	
	
	
	
	2
	3.85
	1.24

	
	
	
	
	4
	2.74
	0.87

	
	
	
	4/ 4

	1
	8.64
	1.79

	
	
	
	
	2
	3.95
	1.22

	
	
	
	
	4
	2.8
	0.89

	
	52
	1024 / 128
	2 / 2
	1
	3.9
	1.24

	
	
	
	
	2
	2.7
	0.85

	
	
	
	
	4
	1.87
	0.6

	
	
	
	4 / 4
	1
	3.79
	1.22

	
	
	
	
	2
	2.67
	0.85

	
	
	
	
	4
	1.93
	0.62

	
	104
	2048 / 64
	2 / 2

	1
	2.77
	0.87

	
	
	
	
	2
	1.93
	0.6

	
	
	
	
	4
	1.39
	0.44

	
	
	
	4 / 4
	1
	2.73
	0.87

	
	
	
	
	2
	2.07
	0.66

	
	
	
	
	4
	1.39
	0.45

	
	268
	4096 / 32
	2 / 2
	1
	1.89
	0.6

	
	
	
	
	2
	1.32
	0.42

	
	
	
	
	3
	0.91
	0.29

	
	
	
	4 / 4
	1
	1.88
	0.59

	
	
	
	
	2
	1.33
	0.43

	
	
	
	
	4
	0.94
	0.3


Table 3: DL carrier phase accuracy for AWGN channel in percentage of carrier wavelength (AWGN, SCS = 15 kHz).
FR1, SCS = 30 kHz
The DL carrier phase accuracy for AWGN channel in percentage of the carrier wavelength, derived from the 90 percentiles of the CDF for the measured carrier phase error, is listed in Table 4.
	SCS (KHz)
	PRS BW 
in RB
	FFT-size/
sampling rate (Tc)
	Num Symbols/ Comb Size
	Repetition 
Factor
	Es/Iot = -13dB
(accuracy in % of carrier wavelength)
	Es/Iot =-3dB)
(accuracy in % of carrier wavelength)

	15
	24
	512 / 128
	2 / 2

	1
	23.18
	1.72

	
	
	
	
	2
	4.06
	1.27

	
	
	
	
	4
	2.8
	0.9

	
	
	
	4/ 4

	1
	25.12
	1.84

	
	
	
	
	2
	4.05
	1.27

	
	
	
	
	4
	2.89
	0.91

	
	48
	1024 / 64
	2 / 2
	1
	4.08
	1.24

	
	
	
	
	2
	2.75
	0.87

	
	
	
	
	4
	2.04
	0.66

	
	
	
	4 / 4
	1
	4.1
	1.26

	
	
	
	
	2
	2.77
	0.89

	
	
	
	
	4
	1.98
	0.63

	
	132
	2048 / 32
	2 / 2

	1
	2.69
	0.85

	
	
	
	
	2
	1.94
	0.62

	
	
	
	
	4
	1.37
	0.44

	
	
	
	4 / 4
	1
	2.68
	0.85

	
	
	
	
	2
	1.91
	0.61

	
	
	
	
	4
	1.36
	0.44

	
	272
	4096 / 16
	2 / 2
	1
	1.89
	0.61

	
	
	
	
	2
	1.38
	0.44

	
	
	
	
	4
	0.98
	0.31

	
	
	
	4 / 4
	1
	1.9
	0.6

	
	
	
	
	2
	1.4
	0.45

	
	
	
	
	4
	0.98
	0.31


Table 4: DL carrier phase accuracy for AWGN channel in percent of carrier wavelength (AWGN, SCS = 15 kHz).
Discussion
From the simulation results reported above for the AWGN channel without RF/BB impairments, we observed:
· carrier phase accuracy dependency on the bandwidth is not so significant (except for PRS BW of 24 PRB) and
· carrier phase measurement error is less than 5% of the carrier wavelength (except for PRS BW of 24 PRB),
thereby demonstrating the great potential of this positioning technology in terms of improved positioning accuracy. 
Thus, following observations are made:
The carrier phase accuracy dependency on bandwidth is not so significant (except for PRS BW of 24 PRB).
[bookmark: _Hlk127479956]The carrier phase accuracy is less than 5% of the carrier wavelength, demonstrating the great potential of this positioning technology in terms of improved positioning accuracy. 

Conclusion
In this contribution we have provided initial simulation results for DL NR carrier phase accuracy without RF/BB impairments. 
Following observations are made.
1. The carrier phase accuracy dependency on bandwidth is not so significant (except for PRS BW of 24 PRB).
The carrier phase accuracy is less than 5% of the carrier wavelength, demonstrating the great potential of this positioning technology in terms of improved positioning accuracy. 
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