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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 first 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.
	SCS (kHz)
	PRS BW in RB
	sampling rate 
(Tc)
	Num 
Symbols
	Comb 
Size
	Repetition 
Factor (Rep)

	15
	24
	256
	4
	4
	1,4

	
	52
	128
	4
	4
	1,4

	
	104
	64
	4
	4
	1,4

	30
	24
	128
	4
	4
	1,4

	
	48
	64
	4
	4
	1,4

	60
	24
	64
	4
	4
	1,4

	
	64
	32
	4
	4
	1,4

	
	132
	16
	4
	4
	1,4


[bookmark: _Ref142659683]
Table 1: PRS configurations used for NR RSCPD study for SCS = 15kHz, 30kHz, and 60kHz.
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 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.
	SCS (kHz)
	PRS BW 
in RB
	sampling rate 
(Tc)
	Num Symbols/ Comb Size
	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
	24
	256
	4 / 4

	1
	1
	-16.5399
	14.2053
	-13.5114
	17.7029

	
	
	
	
	1
	4
	-10.5212
	6.953
	-6.7619
	18.3827

	
	
	
	
	4
	1
	-7.693
	7.7536
	-7.6126
	7.6948

	
	
	
	
	4
	4
	-3.8842
	3.8204
	-3.8426
	4.0026

	
	52
	128
	4 / 4
	1
	1
	-10.8732
	10.8289
	-10.5591
	10.8149

	
	
	
	
	1
	4
	-5.4536
	5.3623
	-5.2718
	5.3685

	
	
	
	
	4
	1
	-5.3747
	5.3456
	-5.3712
	5.6212

	
	
	
	
	4
	4
	-2.7561
	2.7494
	-2.6219
	2.7532

	
	104
	64
	4 / 4

	1
	1
	-7.7041
	7.6055
	-7.5434
	7.7082

	
	
	
	
	1
	4
	-3.7903
	3.6508
	-3.6876
	3.9052

	
	
	
	
	4
	1
	-3.8158
	3.8665
	-3.7964
	3.8351

	
	
	
	
	4
	4
	-1.8973
	1.9397
	-1.8633
	2.0096


[bookmark: _Ref142661972]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.

	SCS (kHz)
	PRS BW 
in RB
	sampling rate 
(Tc)
	Num Symbols/ Comb Size
	Rep
	Number 
of 
samples
	RSCPD (cell-1, cell-2)
(-3, -6) dB
	RSCPD (cell-1, cell-3)
(-3, -6) dB

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

	15
	24
	256
	4 / 4

	1
	1
	-7.7345
	8.0581
	-7.5937
	7.857

	
	
	
	
	1
	4
	-3.9675
	3.9149
	-3.8561
	3.8604

	
	
	
	
	4
	1
	-3.8181
	3.9433
	-3.837
	3.895

	
	
	
	
	4
	4
	-1.93
	1.9059
	-1.8918
	1.9825

	
	52
	128
	4 / 4
	1
	1
	-5.4989
	5.4127
	-5.3628
	5.2969

	
	
	
	
	1
	4
	-2.7327
	2.7334
	-2.6807
	2.6254

	
	
	
	
	4
	1
	-2.6735
	2.6808
	-2.6731
	2.7918

	
	
	
	
	4
	4
	-1.3651
	1.3931
	-1.3097
	1.3775

	
	104
	64
	4 / 4

	1
	1
	-3.7571
	3.8713
	-3.6936
	3.8747

	
	
	
	
	1
	4
	-1.8554
	1.8175
	-1.84
	1.9582

	
	
	
	
	4
	1
	-1.8816
	1.8937
	-1.8827
	1.9554

	
	
	
	
	4
	4
	-0.9513
	0.9802
	-0.9265
	1.0106


[bookmark: _Ref142661986]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.


	SCS (kHz)
	PRS BW 
in RB
	sampling rate 
(Tc)
	Num Symbols/ Comb Size
	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
	24
	128
	4 / 4

	1
	1
	-15.6264
	17.0072
	-21.7338
	18.0078

	
	
	
	
	1
	4
	-7.7669
	11.0203
	-18.809
	10.3479

	
	
	
	
	4
	1
	-7.7624
	7.7635
	-8.3129
	8.5218

	
	
	
	
	4
	4
	-3.8475
	3.8931
	-4.2598
	4.3878

	
	48
	64
	4 / 4
	1
	1
	-11.0841
	10.7434
	-12.0147
	11.9526

	
	
	
	
	1
	4
	-5.6227
	5.3234
	-5.9553
	5.8591

	
	
	
	
	4
	1
	-5.4684
	5.6472
	-6.1126
	5.7489

	
	
	
	
	4
	4
	-2.8188
	2.8181
	-3.1008
	2.8068


[bookmark: _Ref142662785]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.

	SCS (kHz)
	PRS BW 
in RB
	sampling rate 
(Tc)
	Num Symbols/ Comb Size
	Rep
	Number 
of 
samples
	RSCPD (cell-1, cell-2)
(-3, -6) dB
	RSCPD (cell-1, cell-3)
(-3, -6) dB

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

	30
	24
	128
	4 / 4

	1
	1
	-7.6026
	7.8004
	-8.3417
	8.1238

	
	
	
	
	1
	4
	-3.8789
	3.8914
	-4.0536
	3.9272

	
	
	
	
	4
	1
	-3.9145
	3.8081
	-4.1054
	4.2165

	
	
	
	
	4
	4
	-1.9465
	1.9359
	-2.0624
	2.1899

	
	48
	64
	4 / 4
	1
	1
	-5.5055
	5.2901
	-5.9434
	5.9832

	
	
	
	
	1
	4
	-2.7592
	2.6397
	-2.935
	2.9351

	
	
	
	
	4
	1
	-2.7828
	2.7847
	-3.0138
	2.8208

	
	
	
	
	4
	4
	-1.4156
	1.4081
	-1.5623
	1.3496


[bookmark: _Ref142662802]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.
	SCS (kHz)
	PRS BW 
in RB
	sampling rate 
(Tc)
	Num Symbols/ Comb Size
	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
	24
	64
	4 / 4

	1
	1
	-14.9606
	15.7923
	-15.3463
	15.6562

	
	
	
	
	1
	4
	-7.5568
	8.3785
	-7.7912
	10.0778

	
	
	
	
	4
	1
	-6.6553
	6.5943
	-6.6431
	6.4239

	
	
	
	
	4
	4
	-3.4203
	3.257
	-3.3846
	3.285

	
	64
	32
	4 / 4
	1
	1
	-10.8614
	11.1048
	-13.5826
	13.6605

	
	
	
	
	1
	4
	-5.4549
	5.6695
	-7.5126
	7.1469

	
	
	
	
	4
	1
	-5.6738
	5.7056
	-6.5051
	6.7995

	
	
	
	
	4
	4
	-2.8418
	2.8308
	-3.1802
	3.4957

	
	132
	16
	4 / 4

	1
	1
	-7.8816
	7.8187
	-9.3301
	9.594

	
	
	
	
	1
	4
	-4.023
	3.935
	-4.5354
	4.8592

	
	
	
	
	4
	1
	-3.98
	3.9042
	-4.5968
	4.8602

	
	
	
	
	4
	4
	-2.028
	1.9834
	-2.3151
	2.5094


[bookmark: _Ref142663128]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.

	SCS (kHz)
	PRS BW 
in RB
	sampling rate 
(Tc)
	Num Symbols/ Comb Size
	Rep
	Number 
of 
samples
	RSCPD (cell-1, cell-2)
(-3, -6) dB
	RSCPD (cell-1, cell-3)
(-3, -6) dB

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

	60
	24
	64
	4 / 4

	1
	1
	-8.3267
	8.3383
	-10.4008
	8.8719

	
	
	
	
	1
	4
	-4.0834
	4.0466
	-5.4273
	4.0993

	
	
	
	
	4
	1
	-4.0285
	4.0367
	-5.346
	4.1163

	
	
	
	
	4
	4
	-2.0371
	2.0299
	-2.9836
	1.7712

	
	64
	32
	4 / 4
	1
	1
	-5.5284
	5.5464
	-6.5166
	6.4989

	
	
	
	
	1
	4
	-2.8046
	2.8847
	-3.2423
	3.3168

	
	
	
	
	4
	1
	-2.8223
	2.8498
	-3.1285
	3.3234

	
	
	
	
	4
	4
	-1.4129
	1.4609
	-1.5226
	1.7421

	
	132
	16
	4 / 4

	1
	1
	-3.9507
	3.973
	-4.5211
	4.6803

	
	
	
	
	1
	4
	-2.0158
	1.9981
	-2.2118
	2.4064

	
	
	
	
	4
	1
	-1.9934
	1.9461
	-2.2102
	2.388

	
	
	
	
	4
	4
	-1.0074
	0.9757
	-1.0951
	1.2531


[bookmark: _Ref142663221]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.

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. 
· For a given bandwidth, the measurement accuracy improves with the increasing in number of measurement samples or the PRS repetition factor. Thus, a use of larger BW or smaller BW with increased PRS repetitions/measurements samples could be the trait depending on the latency requirement. 
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. 
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. 
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