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1. Introduction
In RAN4#106bis-e, link level simulation assumptions for PRS based RSTD, PRS-RSRP, UE Rx-Tx 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 for 1Rx RedCap UEs in FR1 based on updated 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: 
· Option1: Reuse Rel-17 side conditions and relax accuracy requirements
· RSTD: (-6, -13, -13) for Nsample = 4
· PRS-RSRP/UE Rx-Tx: (-3, -13, -13) for Nsample = 4
· Option2: Reuse approximately Rel-17 accuracy requirements and relax the side condition
· RSTD/ UE Rx-Tx: (-3, -6, -6) for Nsample = 4
· PRS-RSRP: (-3, -10, -10) for both 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 SCS
· 10 MHz, 20 MHz
· 4 GHz Carrier frequency and 60kHz SCS

· 20 MHz
· Channel model
· FR1：
· AWGN
· TDL-A(30ns, 5Hz)

· TDL-B(100ns, 200Hz) 

· TDL-C(300ns, 100Hz) 
· 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:
· 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, measurement errors for all 3 PRS-based positioning methods are provided in tables. The results at the left side of each table are obtained by reusing Rel-17 side conditions, and the results at the right side are obtained by targeting approximately Rel-17 accuracy requirements. For comparison, two sets of results in one table are simulated based on different side conditions with other assumptions fixed.
2.3.1. PRS RSTD simulation results
Table 1. Measurement errors of RSTD for 4 samples（Tc）
	SINRs [dB]
	<-6,-13,-13> (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

	Cell2
	AWGN
	77.53
	34.5
	15.87
	38.77
	19.99
	19.33
	63.37
	27.89
	13.42
	31.96
	16.4
	15.97

	
	TDL-A
	127.8
	76.65
	44.04
	72.43
	46.99
	42.68
	119.9
	70.61
	44.68
	69.45
	44.56
	41.52

	
	TDL-B
	131.5
	130.8
	79.95
	85.9
	89.34
	82.34
	130.5
	99.07
	55.77
	82.74
	54.12
	52.51

	
	TDL-C
	302.9
	330.9
	140.5
	307.1
	153.7
	352.5
	204.5
	165.2
	111.2
	142.3
	110
	112.1

	Cell3
	AWGN
	108.9
	1784
	30.1
	59.02
	4074
	5872
	79.11
	170
	89.46
	44.69
	158.4
	5872

	
	TDL-A
	4134
	5249
	4762
	4797
	5617
	5872
	127
	192.5
	203.5
	72.34
	200.4
	5872

	
	TDL-B
	449.2
	5266
	5119
	4225
	5633
	5872
	100.6
	241.4
	194.5
	71.29
	192.4
	5871

	
	TDL-C
	2350
	5271
	5064
	4366
	5638
	5872
	176.6
	153.5
	101.3
	115.9
	100.5
	5872


Observation 1: For RSTD with 4 samples, reusing Rel-17 side condition cannot meet the Rel-17 measurement accuracy. And the better measurement performance is achieved with side condition <-3,-6,-6> which can be comparable to Rel-17 accuracy.
2.3.2. PRS RSRP simulation results
Table 2. Measurement errors of PRS RSRP for 4 samples（dB）
	SINRs [dB]
	<-3,-13,-13> (Nsample = 4)
	<-3,-10,-10> (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
	AWGN
	0.35
	0.21
	0.17
	0.35
	0.24
	0.35
	0.4
	0.2
	0.14
	0.43
	0.29
	0.45

	
	TDL-A
	1.14
	0.45
	0.30
	0.75
	0.36
	1.14
	1.04
	0.36
	0.22
	0.74
	0.48
	0.64

	
	TDL-B
	0.67
	0.32
	0.21
	0.46
	0.31
	0.67
	0.61
	0.27
	0.19
	0.53
	0.38
	1.32

	
	TDL-C
	0.44
	0.30
	0.19
	0.37
	0.28
	0.44
	0.55
	0.35
	0.2
	0.53
	0.35
	0.61

	Cell2
	AWGN
	1.90
	1.02
	0.64
	1.90
	1.10
	1.90
	0.93
	0.53
	0.39
	1.07
	0.76
	0.93

	
	TDL-A
	5.56
	2.36
	1.14
	4.77
	1.88
	5.56
	2.79
	1.32
	0.6
	2.44
	1.44
	1.67

	
	TDL-B
	4.16
	1.65
	0.90
	3.45
	1.57
	4.16
	2.07
	0.9
	0.51
	1.42
	1
	1.35

	
	TDL-C
	3.70
	1.57
	1.02
	3.42
	1.47
	3.70
	1.71
	0.92
	0.59
	1.36
	1.11
	1.55

	Cell3
	AWGN
	1.89
	1.05
	0.71
	1.83
	1.14
	1.89
	0.99
	0.54
	0.35
	0.96
	0.73
	1.04

	
	TDL-A
	5.51
	2.40
	1.32
	4.91
	1.90
	5.51
	3
	1.15
	0.52
	2.52
	1.38
	1.49

	
	TDL-B
	3.89
	1.65
	0.99
	3.35
	1.63
	3.89
	2.34
	0.67
	0.56
	1.45
	1.04
	0.57

	
	TDL-C
	3.66
	1.59
	0.98
	3.20
	1.57
	3.66
	1.61
	0.93
	0.47
	1.29
	1.1
	1.6


Observation 2: For PRS RSRP with 4 samples, reusing Rel-17 side condition cannot meet the Rel-17 accuracy. It is feasible to approximately achieve Rel-17 measurement accuracy by using <-3,-10,-10>.
2.3.3. UE Rx-Tx simulation results
Table 3. Measurement errors of UE Rx-Tx for 4 samples（Tc）
	SINRs [dB]
	<-3,-13,-13> (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
	AWGN
	64.57
	28.06
	13.6
	32.28
	16.56
	16.13
	63.22
	25.71
	12.83
	31.41
	15.6
	15.73

	
	TDL-A
	129.4
	74.52
	44.78
	73.92
	44.57
	44.1
	129.9
	67.93
	43.7
	73.13
	43.93
	44.27

	
	TDL-B
	131.3
	99.78
	55.78
	85.18
	54.68
	52.78
	133
	78.61
	47.71
	85.53
	47.11
	52.53

	
	TDL-C
	208.3
	189.9
	111.2
	192.3
	110.7
	119.2
	209.3
	135.9
	71.76
	150.6
	86.42
	110.8

	Cell2
	AWGN
	76.41
	34.04
	15.76
	38.2
	19.65
	18.96
	63.72
	26.5
	12.9
	32.15
	15.66
	16.04

	
	TDL-A
	131.4
	81.72
	45.78
	75.23
	48.22
	43.47
	125.7
	69.42
	43.61
	73.27
	43.13
	43.43

	
	TDL-B
	133.7
	144.2
	81.3
	88.95
	91.63
	85.05
	133.9
	88.41
	50.51
	84.71
	52.97
	53.85

	
	TDL-C
	312.2
	332.2
	141.8
	310.7
	159.7
	357.8
	207.7
	146.3
	77.6
	174.5
	91.89
	111.4

	Cell3
	AWGN
	104.3
	228.7
	29.17
	56.63
	833.9
	5874
	79.36
	106.2
	97.53
	44.81
	68.89
	5873

	
	TDL-A
	185.1
	1432
	386.1
	169.6
	1744
	5874
	145.3
	248.6
	176.9
	85.87
	207.1
	5873

	
	TDL-B
	143.1
	1894
	1075
	381.7
	2260
	5874
	105.6
	238.7
	133.3
	80.95
	219.2
	5873

	
	TDL-C
	367.6
	1910
	964.5
	444.4
	2189
	5874
	185.3
	141.9
	55.4
	154.3
	82.83
	5873


Observation 3: For UE Rx-Tx with 4 samples, reusing Rel-17 side conditions cannot meet the Rel-17 measurement accuracy. Using <-3,-6,-6> will approximately meet the Rel-17 measurement accuracy.
Observation 4: For RSTD and UE Rx-Tx with SCS 60 kHz, the measurement performance for cell 3 which has large time shift is not optimistic and needs more analysis.
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 4 samples, reusing Rel-17 side condition cannot meet the Rel-17 measurement accuracy. And the better measurement performance is achieved with side condition <-3,-6,-6> which can be comparable to Rel-17 accuracy.
Observation 2: For PRS RSRP with 4 samples, reusing Rel-17 side condition cannot meet the Rel-17 accuracy. It is feasible to approximately achieve Rel-17 measurement accuracy by using <-3,-10,-10>.

Observation 3: For UE Rx-Tx with 4 samples, reusing Rel-17 side conditions cannot meet the Rel-17 measurement accuracy. Using <-3,-6,-6> will approximately meet the Rel-17 measurement accuracy.

Observation 4: For RSTD and UE Rx-Tx with SCS 60 kHz, the measurement performance for cell 3 which has large time shift is not optimistic and needs more analysis.
4. Reference

[1] R4-2306350, Updated simulation assumptions for 1Rx RedCap UE PRS measurements, Ericsson.
8
3

