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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].  Based on Rel-16 and Rel-17 link level simulation assumptions for RSTD and PRS-RSRP, respectively, in [3] and [4], RAN4 has agreed NR CPP link level simulation assumptions for RSCPD in [5]. 
In this contribution we list simulation assumptions and then provide revised simulation results for DL RSCPD. It is noted that these results do not contain any RF/BB impairments. However, great potential of this positioning technology in terms of improved positioning accuracy can be seen.
Simulation Assumptions
Simulation assumptions for DL RSCPD captured in [5] are considered. The PRS configurations as listed in Table 1 were used in the simulation study. Note that the repetition factor relates to repetitions in adjacent slots.
	[bookmark: _Ref142659683]Parameter
	Value

	SCS, RB num, Repetition
	SCS (kHz)
	RB num
	Repetition (Note)
	Sample rate (Tc) 

	
	15
	24
	4
	256

	
	
	52
	1
	128

	
	
	104
	1
	64

	
	30
	24
	4
	128

	
	
	48
	1
	64

	
	60, FR1
	24
	4
	64

	
	60, FR2
	24
	4
	64

	
	
	64
	1
	32

	
	
	132
	1
	16

	
	120
	32
	4
	32

	
	
	64
	1
	16

	PRS comb size
	4

	PRS symbol size
	4

	Number of samples
	1, 4

	PRS periodicity
	40 ms

	NOTE 1: Repetition 4 is achieved by PRS in 4 consecutive slots with PRS-ResourceTimeGap=1.
NOTE 2: Companies are encouraged to check suitability of the parameters and the values.


Table 1: PRS configurations used for NR RSCPD study for SCS = 15kHz, 30kHz, 60kHz (FR1 and FR2), and 120 kHz.
As an additional note on the simulation assumptions, we focused on AWGN channel, and no RF/BB impairments are included. However, in the next contributions we plan to include simulation results using the two-tap channel and including RF/BB impairments.

Simulation Results
[bookmark: _Hlk127450045]In this section we provide the simulation results for the above listed simulation assumptions. The results are reported for 5-percentile and 95-percentile CDF of the DL RSCPD error in degree for given Es/Iot for three cells [5].
FR1, SCS = 15kHz
The DL RSCPD error in degree for AWGN channel with SCS set to 15kHz, derived from the 5-percentile and 95-percentile of the CDF, for Es/IoT of three cells (-6, -13, -13) dB and (-3, -6, -6) dB, respective, are listed in Table 2 and Table 3.
	[bookmark: _Ref142661972]SCS (kHz)
	Carrier frequency (GHz)
	PRS BW 
in RB
	Sampling rate 
(Tc)
	Rep
	Number 
of 
samples
	RSCPD (cell-1, cell-2)
(-6, -13) dB
	RSCPD (cell-1, cell-3)
(-6, -13) dB

	
	
	
	
	
	
	5%-tile
	95%-tile
	5%-tile
	95%-tile

	15
	2
	24
	256
	4
	1
	-6.5039
	6.9018
	-6.6215
	6.7083

	
	
	
	
	4
	4
	-3.1702
	3.4064
	-3.4011
	3.2462

	
	
	52
	128
	1
	1
	-10.9066
	10.5215
	-10.2805
	10.0292

	
	
	
	
	1
	4
	-5.3284
	5.3493
	-5.2706
	5.371

	
	
	104
	64
	1
	1
	-7.1177
	7.2165
	-7.6338
	7.4459

	
	
	
	
	1
	4
	-3.848
	3.4137
	-3.4898
	3.8946

	
	4
	24
	256
	4
	1
	-6.9538
	6.7731
	-6.8605
	6.4308

	
	
	
	
	4
	4
	-3.1046
	3.249
	-3.4129
	3.4001

	
	
	52
	128
	1
	1
	-10.932
	10.3939
	-9.9634
	10.6902

	
	
	
	
	1
	4
	-5.2023
	5.7741
	-5.1356
	4.7041

	
	
	104
	64
	1
	1
	-7.3397
	7.8895
	-7.8521
	7.1818

	
	
	
	
	1
	4
	-3.7767
	3.812
	-3.8232
	3.6172


Table 2: DL RSCPD error for AWGN channel in degree for SCS = 15kHz. Es/Iot (cell-1, cell-2, cell-3) = (-6, -13, -13) dB.

	[bookmark: _Ref142661986]SCS (kHz)
	Carrier frequency (GHz)
	PRS BW 
in RB
	Sampling rate 
(Tc)
	Rep
	Number 
of 
samples
	RSCPD (cell-1, cell-2)
(-6, -13) dB
	RSCPD (cell-1, cell-3)
(-6, -13) dB

	
	
	
	
	
	
	5%-tile
	95%-tile
	5%-tile
	95%-tile

	15
	2
	24
	256
	4
	1
	-3.2057
	3.3885
	-3.4239
	3.3723

	
	
	
	
	4
	4
	-1.6443
	1.6998
	-1.7839
	1.66

	
	
	52
	128
	1
	1
	-5.612
	5.2553
	-5.2098
	5.0327

	
	
	
	
	1
	4
	-2.7531
	2.6694
	-2.6536
	2.686

	
	
	104
	64
	1
	1
	-3.6009
	3.5722
	-3.8295
	3.7975

	
	
	
	
	1
	4
	-1.8766
	1.7037
	-1.7601
	1.9542

	
	4
	24
	256
	4
	1
	-3.5475
	3.3421
	-3.5367
	3.395

	
	
	
	
	4
	4
	-1.5649
	1.6051
	-1.7156
	1.6728

	
	
	52
	128
	1
	1
	-5.3873
	5.1885
	-5.0795
	5.3701

	
	
	
	
	1
	4
	-2.614
	2.8839
	-2.6879
	2.4075

	
	
	104
	64
	1
	1
	-3.6875
	3.9411
	-3.8859
	3.611

	
	
	
	
	1
	4
	-1.8445
	1.9545
	-1.9314
	1.7574


Table 3. DL RSCPD error for AWGN channel in degree for SCS = 15kHz. Es/Iot (cell-1, cell-2, cell-3) = (-3, -6, -6) dB.

FR1, SCS = 30 kHz
The DL RSCPD error in degree for AWGN channel with SCS set to 30kHz, derived from the 5-percentile and 95-percentile of the CDF, for Es/IoT of three cells (-6, -13, -13) dB and (-3, -6, -6) dB, respective, are listed in Table 4 and Table 5.
	[bookmark: _Ref142662785]SCS (kHz)
	Carrier frequency (GHz)
	PRS BW 
in RB
	Sampling rate 
(Tc)
	Rep
	Number 
of 
samples
	RSCPD (cell-1, cell-2)
(-6, -13) dB
	RSCPD (cell-1, cell-3)
(-6, -13) dB

	
	
	
	
	
	
	5%-tile
	95%-tile
	5%-tile
	95%-tile

	30
	2
	24
	128
	4
	1
	-6.6756
	6.8632
	-6.9765
	6.8815

	
	
	
	
	4
	4
	-3.4131
	3.1816
	-3.3588
	3.3825

	
	
	52
	64
	1
	1
	-10.5091
	10.1851
	-10.4756
	10.2386

	
	
	
	
	1
	4
	-5.2764
	5.1353
	-5.5155
	5.6665

	
	4
	24
	128
	4
	1
	-6.6329
	6.7307
	-6.9285
	6.2093

	
	
	
	
	4
	4
	-3.6128
	3.2721
	-3.6529
	3.0515

	
	
	52
	64
	1
	1
	-10.3583
	10.7014
	-10.8463
	10.4353

	
	
	
	
	1
	4
	-5.1847
	5.1297
	-5.3033
	5.1623


Table 4: DL RSCPD error for AWGN channel in degree for SCS = 30kHz. Es/Iot (cell-1, cell-2, cell-3) = (-6, -13, -13) dB.

	[bookmark: _Ref142662802]SCS (kHz)
	Carrier frequency (GHz)
	PRS BW 
in RB
	Sampling rate 
(Tc)
	Rep
	Number 
of 
samples
	RSCPD (cell-1, cell-2)
(-6, -13) dB
	RSCPD (cell-1, cell-3)
(-6, -13) dB

	
	
	
	
	
	
	5%-tile
	95%-tile
	5%-tile
	95%-tile

	30
	2
	24
	128
	4
	1
	-3.3634
	3.4361
	-3.4953
	3.3102

	
	
	
	
	4
	4
	-1.6573
	1.586
	-1.7201
	1.5824

	
	
	52
	64
	1
	1
	-5.3127
	5.0536
	-5.1211
	5.2211

	
	
	
	
	1
	4
	-2.606
	2.4727
	-2.6313
	2.8341

	
	4
	24
	128
	4
	1
	-3.3317
	3.3129
	-3.3893
	3.1511

	
	
	
	
	4
	4
	-1.7698
	1.6296
	-1.8025
	1.5639

	
	
	52
	64
	1
	1
	-5.2012
	5.2115
	-5.3325
	5.1762

	
	
	
	
	1
	4
	-2.6038
	2.5184
	-2.6545
	2.5469


Table 5: DL RSCPD error for AWGN channel in degree for SCS = 30kHz. Es/Iot (cell-1, cell-2, cell-3) = (-3, -6, -6) dB.

FR1, SCS = 60 kHz
The DL RSCPD error in degree for AWGN channel with SCS set to 60kHz, derived from the 5-percentile and 95-percentile of the CDF, for Es/IoT of three cells (-6, -13, -13) dB and (-3, -6, -6) dB, respective, are listed in Table 6 and Table 7.
	[bookmark: _Ref142663128]SCS (kHz)
	Carrier frequency (GHz)
	PRS BW 
in RB
	Sampling rate 
(Tc)
	Rep
	Number 
of 
samples
	RSCPD (cell-1, cell-2)
(-6, -13) dB
	RSCPD (cell-1, cell-3)
(-6, -13) dB

	
	
	
	
	
	
	5%-tile
	95%-tile
	5%-tile
	95%-tile

	60
	2
	24
	64
	4
	1
	-6.9381
	6.8577
	-6.8323
	6.292

	
	
	
	
	4
	4
	-3.096
	3.2519
	-3.3217
	3.3356

	
	4
	24
	64
	4
	1
	-6.727
	6.6945
	-6.8026
	6.5479

	
	
	
	
	4
	4
	-3.3113
	3.5173
	-3.3953
	3.434


Table 6: DL RSCPD error for AWGN channel in degree for SCS = 60kHz. Es/Iot (cell-1, cell-2, cell-3) = (-6, -13, -13) dB.

	[bookmark: _Ref142663221]SCS (kHz)
	Carrier frequency (GHz)
	PRS BW 
in RB
	Sampling rate 
(Tc)
	Rep
	Number 
of 
samples
	RSCPD (cell-1, cell-2)
(-6, -13) dB
	RSCPD (cell-1, cell-3)
(-6, -13) dB

	
	
	
	
	
	
	5%-tile
	95%-tile
	5%-tile
	95%-tile

	60
	2
	24
	64
	4
	1
	-3.5507
	3.3397
	-3.5967
	3.3267

	
	
	
	
	4
	4
	-1.5528
	1.6287
	-1.6751
	1.6486

	
	4
	24
	64
	4
	1
	-3.5218
	3.3115
	-3.4288
	3.344

	
	
	
	
	4
	4
	-1.6401
	1.7148
	-1.7013
	1.7017


Table 7: DL RSCPD error for AWGN channel in degree for SCS = 60kHz. Es/Iot (cell-1, cell-2, cell-3) = (-3, -6, -6) dB.

FR2, SCS = 60 kHz
The DL RSCPD error in degree for AWGN channel with SCS set to 60kHz, derived from the 5-percentile and 95-percentile of the CDF, for Es/IoT of three cells (-6, -13, -13) dB and (-3, -6, -6) dB, respective, are listed in Table 8 and Table 9.
	SCS (kHz)
	Carrier frequency (GHz)
	PRS BW 
in RB
	Sampling rate 
(Tc)
	Rep
	Number 
of 
samples
	RSCPD (cell-1, cell-2)
(-6, -13) dB
	RSCPD (cell-1, cell-3)
(-6, -13) dB

	
	
	
	
	
	
	5%-tile
	95%-tile
	5%-tile
	95%-tile

	60
	40
	24
	64
	4
	1
	-6.727
	6.6945
	-6.8026
	6.5479

	
	
	
	
	4
	4
	-3.3113
	3.5173
	-3.3953
	3.434

	
	
	64
	32
	1
	1
	-10.3892
	10.0811
	-10.1826
	9.5335

	
	
	
	
	1
	4
	-5.0121
	4.7655
	-4.9435
	4.5897

	
	
	132
	16
	1
	1
	-7.0447
	7.437
	-7.056
	7.3041

	
	
	
	
	1
	4
	-3.4473
	3.7419
	-3.6629
	3.7755


[bookmark: _Ref146640516]Table 8. DL RSCPD error for AWGN channel in degree for SCS = 60kHz. Es/Iot (cell-1, cell-2, cell-3) = (-6, -13, -13) dB.

	SCS (kHz)
	Carrier frequency (GHz)
	PRS BW 
in RB
	Sampling rate 
(Tc)
	Rep
	Number 
of 
samples
	RSCPD (cell-1, cell-2)
(-6, -13) dB
	RSCPD (cell-1, cell-3)
(-6, -13) dB

	
	
	
	
	
	
	5%-tile
	95%-tile
	5%-tile
	95%-tile

	60
	40
	24
	64
	4
	1
	-3.5218
	3.3115
	-3.4288
	3.344

	
	
	
	
	4
	4
	-1.6401
	1.7148
	-1.7013
	1.7017

	
	
	64
	32
	1
	1
	-5.0517
	4.9564
	-5.089
	5.0229

	
	
	
	
	1
	4
	-2.3939
	2.3793
	-2.3483
	2.3851

	
	
	132
	16
	1
	1
	-3.5684
	3.7543
	-3.5208
	3.6913

	
	
	
	
	1
	4
	-1.7724
	1.9339
	-1.8239
	1.8464


[bookmark: _Ref146640534]Table 9: DL RSCPD error for AWGN channel in degree for SCS = 60kHz. Es/Iot (cell-1, cell-2, cell-3) = (-3, -6, -6) dB.

FR1, SCS = 120 kHz
The DL RSCPD error in degree for AWGN channel with SCS set to 120kHz, derived from the 5-percentile and 95-percentile of the CDF, for Es/IoT of three cells (-6, -13, -13) dB and (-3, -6, -6) dB, respective, are listed in Table 10 and Table 11.
	SCS (kHz)
	Carrier frequency (GHz)
	PRS BW 
in RB
	Sampling rate 
(Tc)
	Rep
	Number 
of 
samples
	RSCPD (cell-1, cell-2)
(-6, -13) dB
	RSCPD (cell-1, cell-3)
(-6, -13) dB

	
	
	
	
	
	
	5%-tile
	95%-tile
	5%-tile
	95%-tile

	120
	2
	32
	32
	4
	1
	-6.3099
	6.1645
	-5.9209
	6.3781

	
	
	
	
	4
	4
	-3.1569
	3.0365
	-2.941
	3.185

	
	
	64
	16
	1
	1
	-10.2138
	10.1725
	-10.5072
	10.2518

	
	
	
	
	1
	4
	-4.8494
	4.7123
	-5.4578
	4.9644

	
	4
	32
	32
	4
	1
	-6.9274
	6.1281
	-6.2839
	6.5227

	
	
	
	
	4
	4
	-3.3695
	3.1788
	-3.213
	3.2335

	
	
	64
	16
	1
	1
	-10.315
	10.1114
	-10.1496
	10.6489

	
	
	
	
	1
	4
	-4.7868
	5.0169
	-5.4526
	5.3087


[bookmark: _Ref146640613]Table 10: DL RSCPD error for AWGN channel in degree for SCS = 120kHz. Es/Iot (cell-1, cell-2, cell-3) = (-6, -13, -13) dB.

	SCS (kHz)
	Carrier frequency (GHz)
	PRS BW 
in RB
	Sampling rate 
(Tc)
	Rep
	Number 
of 
samples
	RSCPD (cell-1, cell-2)
(-6, -13) dB
	RSCPD (cell-1, cell-3)
(-6, -13) dB

	
	
	
	
	
	
	5%-tile
	95%-tile
	5%-tile
	95%-tile

	120
	2
	32
	32
	4
	1
	-3.1103
	3.1126
	-3.0142
	3.1767

	
	
	
	
	4
	4
	-1.5756
	1.5149
	-1.5195
	1.5803

	
	
	64
	16
	1
	1
	-5.1133
	5.1154
	-5.2902
	5.2132

	
	
	
	
	1
	4
	-2.4764
	2.4212
	-2.8063
	2.5483

	
	4
	32
	32
	4
	1
	-3.4836
	3.1582
	-3.2305
	3.1899

	
	
	
	
	4
	4
	-1.679
	1.603
	-1.6171
	1.5733

	
	
	64
	16
	1
	1
	-5.1272
	5.0859
	-5.2153
	5.4083

	
	
	
	
	1
	4
	-2.3628
	2.5209
	-2.8003
	2.6249


[bookmark: _Ref146640614]Table 11. DL RSCPD error for AWGN channel in degree for SCS = 120kHz. Es/Iot (cell-1, cell-2, cell-3) = (-3, -6, -6) dB.

Discussion
From the simulation results reported above for the AWGN channel without RF/BB impairments, we observed:
· The RSCPD error for all PRS BW with same (PRS repetition factor, number of samples) is not significantly deviated. Thus, the carrier phase accuracy dependency on the bandwidth for AWGN channel is not so significant. 
· [bookmark: _Hlk146742416]For a given bandwidth, the measurement accuracy improves with the increasing in number of measurement samples or the PRS repetition factor. For instance, when comparing carrier phase accuracy for 1 measurement sample against 4 measurement samples, the RSCPD error in the 90 percentile is roughly halved. Thus, a use of larger BW or smaller BW with increased PRS repetitions/measurement samples could be the trait depending on the latency requirement.
· For a given bandwidth, the measurement accuracy does not significantly deviate for different carrier frequencies. Thus, the carrier phase accuracy dependency on the carrier frequency for AWGN channel is not so significant.
Thus, following observations are made:
The carrier phase accuracy dependency on bandwidth is not so significant for AWGN channel.
[bookmark: _Hlk127479956]The use of larger BW or smaller BW with increased PRS repetitions/measurements samples could be the trait depending on the latency requirement. Four measurement samples yield significant lower RSCPD error than one measurement sample.
The carrier phase accuracy dependency on carrier frequency is not so significant for AWGN channel.
Conclusion
In this contribution we have provided first simulation results for DL RSCPD error without RF/BB impairments based on simulation assumptions in [5]. 
Following observations are made.
1. The carrier phase accuracy dependency on bandwidth is not so significant for AWGN channel.
The use of larger BW or smaller BW with increased PRS repetitions/measurements samples could be the trait depending on the latency requirement. Four measurement samples yield significant lower RSCPD error than one measurement sample.
The carrier phase accuracy dependency on carrier frequency is not so significant for AWGN channel.
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