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1. Introduction
In RAN4#107, link level simulation assumptions for PRS based RSTD, PRS-RSRP, UE Rx-Tx time difference and PRS-RSRPP measurements for 1Rx RedCap UEs were updated. Interested companies are encouraged to provide simulation results.
In this paper, the simulation results of RSTD, PRS RSRP and UE Rx-Tx time difference for 1Rx RedCap UEs in FR1 based on the latest simulation assumptions and some observations are provided.
2. Discussion
2.1. Simulation assumptions
In this section, general simulation configurations are depicted. A subset of scenarios has been simulated, which is described below. 
· 3-cells with cell ID <0,1,2>
· Synchronous with time shifts <0, 0, 3 us>
· Es/Iot: 
· AWGN: Reuse Rel-17 side conditions
· RSTD: (-3, -6, -6) for Nsample = 1 and (-6, -13, -13) for Nsample = 4
· PRS-RSRP/UE Rx-Tx time difference: (0, -6, -6) for Nsample = 1 and (-3, -13, -13) for Nsample = 4
· Fading channel: 
· RSTD: (-6, -6, -6) or (-6, -10, -10) for Nsample = 4
· PRS-RSRP/UE Rx-Tx time difference: (-3, -10, -10) or (-3, -6, -6) for Nsample = 4
· Antenna: 1T1R
· Carrier frequency / BW / SCS
· 2 GHz Carrier frequency and 15kHz SCS
· 5 MHz, 10 MHz, 20 MHz
· 4 GHz Carrier frequency and 30kHz/60kHz SCS
· 10 MHz (30kHz), 20 MHz (30kHz, 60kHz)
· Channel model
· FR1: 
· AWGN, TDL-A(30ns, 5Hz)

· PRS pattern
· Comb 4 
· DL PRS Resource Repetition Factor：1, 4
· no muting and no power boosting
· PRS transmission BW in PRB: full bandwidth
Detailed assumptions can be found in [1].
2.2. Performance metrics
In this paper, the following performance characteristics are provided: 
For PRS RSTD:

· RSTD error CDFs for the 2 neighbour cells 

· 90%-ile of the RSTD errors for each neighbour cell
For PRS RSRP:
· PRS-RSRP error CDFs for 3 cells
· 90%-ile of the PRS-RSRP errors for each cell
For UE Rx-Tx time difference:
· TUE-RX error CDFs for the 3 cells 
· 90%-ile of the TUE-RX errors for each cell
And the measurement errors are defined as: 
· RSTD error = Measured RSTD – ideal RSTD (based on perfect channel knowledge).
· PRS-RSRP error = Measured PRS-RSRP – ideal PRS-RSRP (based on perfect channel knowledge).
· TUE-RX error = Measured TUE-RX– ideal TUE-RX (based on perfect channel knowledge). 

The error distributions for the above scenarios are evaluated based on 1000 subframes. For each distribution, the ratios for the 90-percentile of the CDFs are given, which means 90% of the measurement errors are below this level.
2.3. Simulation results
In this section, the measurement errors for all three PRS-based positioning methods are provided in tables. 
2.3.1. PRS RSTD simulation results
Table 1. Measurement errors of RSTD for AWGN（Tc）
	SINRs [dB]
	<-6,-13,-13> (Nsample = 4)
	<-3,-6,-6> (Nsample = 1)

	SCS
	15kHz
	30kHz
	60kHz
	15kHz
	30kHz
	60kHz

	BW
	5M
	10M
	20M
	10M
	20M
	20M
	5M
	10M
	20M
	10M
	20M
	20M

	DL PRS 

Repetition Factor
	4
	1
	1
	4
	1
	4
	4
	1
	1
	4
	1
	4

	Cell2
	AWGN
	9.39
	6.73
	2.13
	5.48
	3.11
	2.31
	6
	4.52
	1.59
	3.12
	2.22
	1.53

	Cell3
	
	84.18
	47.46
	34.9
	46.07
	36.04
	28.06
	140.4
	68.16
	38.84
	75.06
	42.9
	42.73


Table 2. Measurement errors of RSTD for fading channel（Tc）
	SINRs [dB]
	<-6,-10,-10> (Nsample = 4)
	<-6,-6,-6> (Nsample = 4)

	SCS
	15kHz
	30kHz
	60kHz
	15kHz
	30kHz
	60kHz

	BW
	5M
	10M
	20M
	10M
	20M
	20M
	5M
	10M
	20M
	10M
	20M
	20M

	DL PRS 

Repetition Factor
	4
	1
	1
	4
	1
	4
	4
	1
	1
	4
	1
	4

	Cell2
	TDL-A
	14.46
	11.17
	5.2
	15.96
	11.62
	11.17
	22.16
	6.17
	3.07
	11.03
	4.26
	9.63

	Cell3
	
	137.6
	71.01
	45.5
	72.67
	43.9
	39.74
	157.2
	82.73
	53.22
	86.57
	53.49
	50.93


Observation 1: For RSTD with AWGN channel, using the Rel-17 side conditions can satisfy the Rel-17 accuracy requirements for both Nsample = 1 and Nsample = 4.
Observation 2: For RSTD with fading channel, <-6, -10, -10> with Nsample = 4 can satisfy the Rel-17 accuracy requirements.
2.3.2. PRS RSRP simulation results
Table 3. Measurement errors of PRS RSRP for AWGN（dB）
	SINRs [dB]
	<-3,-13,-13> (Nsample = 4)
	<0,-6,-6> (Nsample = 1)

	SCS
	15kHz
	30kHz
	60kHz
	15kHz
	30kHz
	60kHz

	BW
	5M
	10M
	20M
	10M
	20M
	20M
	5M
	10M
	20M
	10M
	20M
	20M

	DL PRS 

Repetition Factor
	4
	1
	1
	4
	1
	4
	4
	1
	1
	4
	1
	4

	Cell1
	AWGN
	0.31
	0.23
	0.16
	0.35
	0.23
	0.34
	0.19
	0.13
	0.1
	0.22
	0.15
	0.2

	Cell2
	
	1.84
	1.15
	0.75
	1.9
	1.07
	1.8
	0.34
	0.22
	0.17
	0.32
	0.23
	0.34

	Cell3
	
	1.82
	1.03
	0.7
	1.83
	1.12
	1.79
	0.34
	0.24
	0.17
	0.33
	0.24
	0.34


Table 4. Measurement errors of PRS RSRP for fading channel（dB）
	SINRs [dB]
	<-3,-10,-10> (Nsample = 4)
	<-3,-6,-6> (Nsample = 4)

	SCS
	15kHz
	30kHz
	60kHz
	15kHz
	30kHz
	60kHz

	BW
	5M
	10M
	20M
	10M
	20M
	20M
	5M
	10M
	20M
	10M
	20M
	20M

	DL PRS 

Repetition Factor
	4
	1
	1
	4
	1
	4
	4
	1
	1
	4
	1
	4

	Cell1
	TDL-A
	1
	0.64
	0.22
	0.67
	0.29
	0.41
	0.51
	0.24
	0.14
	0.39
	0.21
	0.26

	Cell2
	
	2.79
	1.32
	0.6
	2.44
	0.88
	1.67
	0.85
	0.31
	0.19
	0.49
	0.27
	0.37

	Cell3
	
	3
	1.15
	0.52
	2.52
	0.84
	1.49
	0.81
	0.34
	0.16
	0.56
	0.35
	0.36


Observation 3: For PRS RSRP with AWGN channel, using the Rel-17 side conditions can satisfy the Rel-17 accuracy requirements for both Nsample = 1 and Nsample = 4.

Observation 4: For PRS RSRP with fading channel, <-3, -10, -10> with Nsample = 4 can satisfy the Rel-17 accuracy requirements.
2.3.3. UE Rx-Tx time difference simulation results
Table 5. Measurement errors of UE Rx-Tx time difference for AWGN（Tc）
	SINRs [dB]
	<-3,-13,-13> (Nsample = 4)
	<0,-6,-6> (Nsample = 1)

	SCS
	15kHz
	30kHz
	60kHz
	15kHz
	30kHz
	60kHz

	BW
	5M
	10M
	20M
	10M
	20M
	20M
	5M
	10M
	20M
	10M
	20M
	20M

	DL PRS 

Repetition Factor
	4
	1
	1
	4
	1
	4
	4
	1
	1
	4
	1
	4

	Cell1
	AWGN
	62.41
	26.15
	13.02
	30.94
	15.8
	15.56
	61.16
	25.76
	12.82
	30.48
	15.5
	15.24

	Cell2
	
	68.18
	30.34
	14
	34.57
	17.2
	17.13
	61.8
	26.65
	13.03
	31.02
	15.8
	15.52

	Cell3
	
	20.74
	26.16
	25.68
	14.83
	22.8
	12.78
	76.73
	41.62
	25.7
	43.51
	27
	26.85


Table 6. Measurement errors of UE Rx-Tx time difference for fading channel（Tc）
	SINRs [dB]
	<-3,-10,-10> (Nsample = 4)
	<-3,-6,-6> (Nsample = 4)

	SCS
	15kHz
	30kHz
	60kHz
	15kHz
	30kHz
	60kHz

	BW
	5M
	10M
	20M
	10M
	20M
	20M
	5M
	10M
	20M
	10M
	20M
	20M

	DL PRS 

Repetition Factor
	4
	1
	1
	4
	1
	4
	4
	1
	1
	4
	1
	4

	Cell1
	TDL-A
	108
	69.19
	44.33
	66.76
	48.2
	42.88
	107.3
	67.93
	44.58
	61.36
	47
	42.33

	Cell2
	
	111.3
	85.2
	48.58
	84.07
	54.2
	53.49
	104.3
	67.48
	44.22
	65.33
	49.4
	43.03

	Cell3
	
	95.58
	54.08
	34.74
	63.39
	37.4
	33.84
	94.07
	54.52
	34.51
	51.47
	36
	28.91


Observation 5: For UE Rx-Tx time difference with AWGN channel, using the Rel-17 side conditions can satisfy the Rel-17 accuracy requirements for both Nsample = 1 and Nsample = 4.

Observation 6: For UE Rx-Tx time difference with fading channel, using <-3, -10, -10> with Nsample = 4 can satisfy the Rel-17 accuracy requirements.
3. Conclusions
This paper provides the simulation results for RSTD, PRS-RSRP and UE Rx-Tx. And the following observations are also provided:
Observation 1: For RSTD with AWGN channel, reusing the Rel-17 side conditions can satisfy the Rel-17 accuracy requirements for both Nsample = 1 and Nsample = 4.

Observation 2: For RSTD with fading channel, <-6, -10, -10> with Nsample = 4 can satisfy the Rel-17 accuracy requirements.
Observation 3: For PRS RSRP with AWGN channel, reusing the Rel-17 side conditions can satisfy the Rel-17 accuracy requirements for both Nsample = 1 and Nsample = 4.

Observation 4: For PRS RSRP with fading channel, <-3, -10, -10> with Nsample = 4 can satisfy the Rel-17 accuracy requirements.
Observation 5: For UE Rx-Tx time difference with AWGN channel, reusing the Rel-17 side conditions can satisfy the Rel-17 accuracy requirements for both Nsample = 1 and Nsample = 4.

Observation 6: For UE Rx-Tx time difference with fading channel, using <-3, -10, -10> with Nsample = 4 can satisfy the Rel-17 accuracy requirements.
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