3GPP TSG-RAN WG4 Meeting #101-e	R4-2119357
Electronic Meeting, 1 – 12 November, 2021
	
Title: 	Simulation results for reduced sample number for PRS measurement
Source: 	Huawei, HiSilicon
Agenda item:	8.21.2.2
Document for:	Discussion
Introduction
Based on the RAN1 incoming LS [1], RAN4#100-e discussed the reduced number of samples for positioning measurement for positioning latency reduction. The outcome of the discussions are captured in WF [2]. 
Based on the following agreement in [1], RAN4 is supposed to conduct performance evaluation for PRS measurement with reduced number of samples, in order to obtain the conclusion on the exact sample number, the impact on the accuracy and the related side conditions.
	· Low latency enhancement
· It is RAN4 understanding that the reduction of the number of DL PRS processing samples is possible under certain conditions
· In some cases, the reduction of the number of DL PRS processing samples is feasible under assumption of relaxation of the Rel-16 NR positioning accuracy requirements for the existing side conditions (e.g. SINR, PRS configurations, channel models, etc.)
· In some cases, the reduction of the number of DL PRS processing samples is feasible under assumption of keeping Rel-16 NR positioning accuracy requirements and for the case of using different side conditions (e.g. SINR, PRS configurations, channel models, etc.)
· For Rel-17, low latency NR Positioning requirements definition the goal is to meet the existing Rel-16 NR positioning accuracy requirements
· FFS whether to consider limited relaxations of requirements for specific scenarios
· Further study the impact of reducing number of processing samples
· Number of processing PRS samples: 1, 2, 3, 4 (reference/R16 assumption)
· PRS BW: FFS
· SNR conditions:
· Option 1: Rel-16 side condition
· Option 2: Higher SNR side conditions than in Rel-16
· Channel models:
· Option 1: Rel-16 channel models
· Option 2: LOS channel models (e.g. TDL-D, TDL-E)
· Note: other parameters and options are not precluded


In this paper we will provide our simulation results for reduced number of samples for positioning measurement.
Discussion
Simulation assumption 
Some simulation parameters are listed in Table 1, and other simulation assumptions are same as in [3, 4]. The parameters in Table 1 correspond to the cases for which accuracy requirements are defined in Rel-16.
Table 1: Simulation assumption for reduced PRS sample number
	Parameter
	Value

	PRS parameters
	SCS (kHz)
	RB num
	Repetition (Note)

	
	15
	24
	4

	
	
	52
	1

	
	
	104
	1

	
	30
	24
	4

	
	
	48
	1

	
	
	132
	1

	
	60, FR1
	24
	4

	
	
	64
	1

	
	
	132
	1

	
	60, FR2
	24
	4

	
	
	64
	1

	
	
	132
	1

	
	120
	32
	4

	
	
	64
	1

	
	
	128
	1

	PRS comb size
	4

	PRS symb size
	4

	SNR
	-6dB for reference cell
{-6, -13}dB for neighbour cell

	Channel model
	AWGN, TDL-A, TDL-D for FR1
AWGN, TDL-C, TDL-D for FR2

	Sample number
	1, 2, 4

	Note: Repetition 4 is achieved by PRS in 4 consecutive slots.


Simulation results for RSTD
The simulation results for RSTD are shown in Table 1-3, for AWGN, TDL-A/C and TDL-D channels. Same as for Rel-16, TDL-A channel is used for FR1 and TDL-C is used for FR2. The results are for the maximum between 5% and 95% of RSTD error in absolute value.
Note: the results for 120kHz are currently missing, and we will add them when results are ready.
Table 1: RSTD performance for AWGN channel
	SCS (kHz)
	RB
	Sample number

	
	
	1
	2
	4
	1
	2
	4

	
	
	Es/Iot = (-6, -13, -13) dB
	Es/Iot = (-6, -6, -6) dB

	15
	24
	76
	64
	50
	52
	40
	36

	
	52
	36
	32
	28
	28
	26
	24

	
	104
	24
	24
	23
	22
	22
	22

	30
	24
	32
	30
	27
	28
	26
	24

	
	48
	77
	28
	26
	26
	24
	23

	
	132
	86
	21
	21
	20
	21
	20

	60, FR1
	24
	73
	32
	29
	28
	25
	24

	
	64
	55
	22
	21
	21
	21
	21

	
	132
	79
	20
	20
	20
	20
	20

	60, FR2
	24
	62
	32
	29
	28
	25
	24

	
	64
	91
	22
	21
	21
	21
	21

	
	132
	69
	20
	20
	20
	20
	20

	120
	32
	
	
	
	
	
	

	
	64
	
	
	
	
	
	

	
	128
	
	
	
	
	
	



Table 2: RSTD performance for TDL-A/C channel
	SCS (kHz)
	RB
	Sample number 

	
	
	1
	2
	4
	1
	2
	4

	
	
	Es/Iot = (-6, -13, -13) dB
	Es/Iot = (-6, -6, -6) dB

	15
	24
	1225
	2916
	120
	116
	108
	100

	
	52
	2637
	1501
	82
	80
	76
	74

	
	104
	2869
	1263
	63
	64
	64
	63

	30
	24
	2649
	1537
	83
	88
	86
	86

	
	48
	1591
	1834
	60
	54
	57
	58

	
	132
	1265
	2753
	47
	40
	43
	45

	60, FR1
	24
	1033
	1516
	76
	62
	67
	66

	
	64
	2665
	2581
	32
	30
	30
	30

	
	132
	2412
	1293
	34
	31
	32
	34

	60, FR2
	24
	1687
	1878
	70
	90
	73
	58

	
	64
	1237
	70
	57
	76
	61
	48

	
	132
	1844
	79
	64
	81
	76
	59

	120
	32
	
	
	
	
	
	

	
	64
	
	
	
	
	
	

	
	128
	
	
	
	
	
	



Table 3: RSTD performance for TDL-D channel
	SCS (kHz)
	RB
	Sample number

	
	
	1
	2
	4
	1
	2
	4

	
	
	Es/Iot = (-6, -13, -13) dB
	Es/Iot = (-6, -6, -6) dB

	15
	24
	2876
	84
	63
	76
	60
	46

	
	52
	1003
	34
	29
	32
	28
	26

	
	104
	1254
	24
	23
	24
	23
	22

	30
	24
	2843
	34
	29
	32
	30
	26

	
	48
	1587
	30
	27
	26
	25
	24

	
	132
	1156
	21
	21
	20
	21
	20

	60, FR1
	24
	1195
	34
	30
	28
	26
	25

	
	64
	2509
	22
	21
	21
	21
	21

	
	132
	1919
	21
	20
	21
	20
	20

	60, FR2
	24
	2106
	34
	30
	28
	26
	25

	
	64
	1685
	22
	21
	21
	21
	21

	
	132
	1563
	21
	20
	21
	20
	20

	120
	32
	
	
	
	
	
	

	
	64
	
	
	
	
	
	

	
	128
	
	
	
	
	
	


Observation 1: For RSTD accuracy, with 1-sample
· it is feasible to achieve similar accuracy as Rel-16 requirements at -6dB Es/Iot under all propagation conditions assumed in Rel-16
· it is feasible to achieve similar accuracy as Rel-16 requirements at -13dB Es/Iot for some but not all cases under AWGN channel
· it is NOT feasible to achieve similar accuracy as Rel-16 requirements for all cases at -13dB Es/Iot under TDL-A/C or TDL-D channel
Observation 2: For RSTD accuracy, with 2-sample
· it is feasible to achieve similar accuracy as Rel-16 requirements at -6dB Es/Iot under all propagation conditions assumed in Rel-16
· it is feasible to achieve similar accuracy as Rel-16 requirements at -13dB Es/Iot for all cases under AWGN and TDL-D channel
· it is NOT feasible to achieve similar accuracy as Rel-16 requirements for most cases at -13dB Es/Iot under TDL-A/C channel
Simulation results for PRS-RSRP
The simulation results for PRS-RSRP are shown in Table 4-6, for AWGN, TDL-A/C and TDL-D channels. Same as for Rel-16, TDL-A channel is used for FR1 and TDL-C is used for FR2. The results are for 5% and 95% of PRS-RSRP error
Table 4: PRS-RSRP performance for AWGN channel
	SCS (kHz)
	RB
	Sample number

	
	
	1
	2
	4
	1
	2
	4

	
	
	Es/Iot = -13 dB
	Es/Iot = -6 dB

	
	
	5%
	95%
	5%
	95%
	5%
	95%
	5%
	95%
	5%
	95%
	5%
	95%

	15
	24
	-4.6
	3.7
	-3.3
	2.7
	-2.3
	2.1
	-2.2
	1.5
	-1.8
	1.1
	-1.5
	0.8

	
	52
	-2.8
	2.7
	-2
	2.1
	-1.5
	1.7
	-1.7
	1.1
	-1.4
	0.8
	-1.2
	0.7

	
	104
	-1.5
	2.3
	-1.1
	1.8
	-0.8
	1.6
	-1.3
	1
	-1.1
	0.7
	-0.9
	0.6

	30
	24
	-1.7
	4.1
	-1.1
	3.4
	-0.5
	2.9
	2.2
	3.5
	1.5
	3.3
	1
	3.2

	
	48
	-2.6
	2.9
	-2
	2.3
	-1.4
	1.8
	-1.7
	1.1
	-1.4
	0.9
	-1.2
	0.7

	
	132
	-1.7
	2.1
	-1.3
	1.7
	-1
	1.3
	-1.3
	0.9
	-1.1
	0.7
	-1
	0.5

	60, FR1
	24
	-4
	3.8
	-3.1
	2.7
	-2.4
	2.1
	-2.1
	1.5
	-1.7
	1.1
	-1.4
	0.8

	
	64
	-2.5
	2.5
	-1.9
	2
	-1.5
	1.5
	-1.5
	1
	-1.3
	0.8
	-1.1
	0.7

	
	132
	-1.7
	2.1
	-1.3
	1.7
	-0.9
	1.4
	-1.2
	0.9
	-1.1
	0.7
	-0.9
	0.6

	60, FR2
	24
	-4
	3.8
	-3.1
	2.7
	-2.4
	2.1
	-2.1
	1.5
	-1.7
	1.1
	-1.4
	0.8

	
	64
	-2.5
	2.5
	-1.9
	2
	-1.5
	1.5
	-1.5
	1
	-1.3
	0.8
	-1.1
	0.7

	
	132
	-1.7
	2.1
	-1.3
	1.7
	-0.9
	1.4
	-1.2
	0.9
	-1.1
	0.7
	-0.9
	0.6

	120
	32
	0.7
	3.4
	0.8
	2.9
	0.7
	2.7
	2.1
	3.5
	1.4
	3.3
	1
	3.1

	
	64
	-2.5
	2.5
	-1.8
	1.9
	-1.4
	1.5
	-1.5
	1
	-1.2
	0.8
	-1.1
	0.7

	
	128
	-1.7
	2
	-1.2
	1.7
	-1
	1.4
	-1.3
	0.9
	-1.1
	0.7
	-0.9
	0.6



Table 5: PRS-RSRP performance for TDL-A/C channel
	SCS (kHz)
	RB
	Sample number

	
	
	1
	2
	4
	1
	2
	4

	
	
	Es/Iot = -13 dB
	Es/Iot = -6 dB

	
	
	5%
	95%
	5%
	95%
	5%
	95%
	5%
	95%
	5%
	95%
	5%
	95%

	15
	24
	-3.5
	6.9
	-2.5
	6.7
	-2
	5.9
	-3.1
	3
	-2.3
	2.6
	-1.7
	2.1

	
	52
	-3.1
	5
	-2.1
	4.4
	-1.6
	3.8
	-2.1
	1.8
	-1.8
	1.5
	-1.3
	1.2

	
	104
	-1.7
	3.9
	-1.1
	3.9
	-0.8
	3.4
	-1.4
	1.5
	-1.1
	1.3
	-1
	1.1

	30
	24
	-2.8
	3.8
	-2.1
	3.5
	-1.4
	3.3
	-1.9
	3.6
	-1.6
	3.3
	-0.9
	3.2

	
	48
	-3.3
	3.9
	-2.5
	3.6
	-1.8
	3.3
	-2.1
	1.6
	-1.6
	1.2
	-1.5
	1

	
	132
	-1.8
	2.6
	-1.4
	2.4
	-1
	2.5
	-1.4
	1
	-1.2
	0.9
	-1
	0.8

	60, FR1
	24
	-4.4
	5.5
	-3.6
	4.5
	-2.7
	4.5
	-3.2
	2.3
	-2.7
	1.5
	-2.1
	1.2

	
	64
	-3.6
	3
	-2.6
	2.7
	-2.2
	2.4
	-2.1
	1.2
	-1.6
	0.9
	-1.5
	0.7

	
	132
	-2
	2.6
	-1.6
	2
	-1.4
	1.9
	-1.4
	1
	-1.2
	0.7
	-1.1
	0.6

	60, FR2
	24
	-4.3
	4.4
	-4.1
	4.1
	-3.1
	3
	-3.8
	2.1
	-3
	1.5
	-2.6
	1

	
	64
	-3.5
	2.6
	-2.9
	2.3
	-2.2
	1.9
	-2
	1
	-1.7
	0.8
	-1.4
	0.6

	
	132
	-2.1
	2.1
	-1.8
	2
	-1.4
	1.6
	-1.5
	0.9
	-1.3
	0.7
	-1.1
	0.5

	120
	32
	-3.8
	3.3
	-3.2
	3
	-2.6
	2.7
	-0.6
	3.2
	0.7
	3
	0.7
	2.9

	
	64
	-4.3
	2.3
	-3.3
	1.9
	-2.7
	1.5
	-2.1
	0.9
	-1.8
	0.6
	-1.6
	-0.5

	
	128
	-2.4
	2
	-2.1
	1.8
	-1.7
	1.3
	-1.6
	0.8
	-1.4
	0.6
	-1.2
	-0.5



Table 6: PRS-RSRP performance for TDL-D channel
	SCS (kHz)
	RB
	Sample number

	
	
	1
	2
	4
	1
	2
	4

	
	
	Es/Iot = -13 dB
	Es/Iot = -6 dB

	
	
	5%
	95%
	5%
	95%
	5%
	95%
	5%
	95%
	5%
	95%
	5%
	95%

	15
	24
	-5.5
	4
	-3.7
	3.1
	-2.6
	2.3
	-3.2
	2
	-2.4
	1.3
	-2
	1

	
	52
	-2.9
	2.9
	-2.1
	2.1
	-1.6
	1.8
	-1.8
	1.1
	-1.4
	0.9
	-1.2
	0.7

	
	104
	-1.9
	2.4
	-1.3
	1.8
	-1
	1.7
	-1.4
	1
	-1.2
	0.7
	-1
	0.6

	30
	24
	-2
	3.8
	-1.4
	3.2
	-0.9
	2.7
	2
	3.4
	1.3
	3.2
	1
	3.1

	
	48
	-3.2
	2.9
	-2.4
	2.2
	-1.6
	1.8
	-1.9
	1.1
	-1.6
	0.8
	-1.3
	0.7

	
	132
	-1.9
	2.1
	-1.5
	1.7
	-1.1
	1.3
	-1.4
	0.8
	-1.2
	0.6
	-1.1
	0.5

	60, FR1
	24
	-4.7
	3.7
	-3.4
	3
	-2.5
	2.3
	-2.4
	1.5
	-1.9
	1
	-1.6
	0.8

	
	64
	-2.8
	2.4
	-2.2
	2
	-1.6
	1.5
	-1.8
	0.9
	-1.5
	0.7
	-1.3
	0.6

	
	132
	-1.9
	2
	-1.4
	1.7
	-1.1
	1.3
	-1.4
	0.8
	-1.2
	0.6
	-1.1
	0.5

	60, FR2
	24
	-4.7
	3.7
	-3.4
	3
	-2.5
	2.3
	-2.4
	1.5
	-1.9
	1
	-1.6
	0.8

	
	64
	-2.8
	2.4
	-2.2
	2
	-1.6
	1.5
	-1.8
	0.9
	-1.5
	0.7
	-1.3
	0.6

	
	132
	-1.9
	2
	-1.4
	1.7
	-1.1
	1.3
	-1.4
	0.8
	-1.2
	0.6
	-1.1
	0.5

	120
	32
	-0.8
	3.2
	0.6
	2.8
	0.6
	2.5
	1.5
	3.2
	1.1
	3
	0.9
	2.9

	
	64
	-2.9
	2.6
	-2.2
	2
	-1.7
	1.6
	-1.8
	1
	-1.6
	0.7
	-1.3
	0.6

	
	128
	-1.8
	2.1
	-1.4
	1.7
	-1.2
	1.4
	-1.4
	0.8
	-1.2
	0.6
	-1.1
	0.5


Observation 3: For PRS-RSRP accuracy, 
· there is non-negligible performance degradation when going from 4-sample to 2-sample and to 1-sample, under all propagation conditions and at both -13dB and -6dB Es/Iot.
· the performance degradation is smaller at -6dB Es/Iot compared to -13dB Es/Iot.
Simulation results for UE Rx-Tx
The simulation results for RSTD are shown in Table 7-9, for AWGN, TDL-A/C and TDL-D channels. Same as for Rel-16, TDL-A channel is used for FR1 and TDL-C is used for FR2. The results are for the 90% of Rx-Tx error.
Note: the results for 120kHz are currently missing, and we will add them when results are ready.
Table 7: Rx-Tx performance for AWGN channel
	SCS (kHz)
	RB
	Sample number

	
	
	1
	2
	4
	1
	2
	4

	
	
	Es/Iot = (-6, -13, -13) dB
	Es/Iot = (-6, -6, -6) dB

	15
	24
	76
	56
	48
	44
	36
	32

	
	52
	36
	32
	27
	24
	24
	23

	
	104
	24
	23
	23
	22
	21
	21

	30
	24
	32
	28
	26
	24
	24
	23

	
	48
	77
	29
	27
	24
	23
	22

	
	132
	61
	21
	21
	20
	20
	20

	60, FR1
	24
	73
	29
	27
	26
	24
	23

	
	64
	81
	21
	21
	21
	21
	20

	
	132
	68
	20
	20
	20
	20
	20

	60, FR2
	24
	84
	29
	27
	26
	24
	23

	
	64
	71
	21
	21
	21
	21
	20

	
	132
	60
	20
	20
	20
	20
	20

	120
	32
	
	
	
	
	
	

	
	64
	
	
	
	
	
	

	
	128
	
	
	
	
	
	



Table 8: Rx-Tx performance for TDL-A/C channel
	SCS (kHz)
	RB
	Sample number

	
	
	1
	2
	4
	1
	2
	4

	
	
	Es/Iot = (-6, -13, -13) dB
	Es/Iot = (-6, -6, -6) dB

	15
	24
	1260
	1844
	135
	148
	140
	132

	
	52
	1949
	1593
	107
	100
	102
	101

	
	104
	2837
	1832
	89
	86
	89
	93

	30
	24
	1609
	2017
	99
	100
	98
	107

	
	48
	1284
	1985
	80
	72
	72
	71

	
	132
	2581
	2309
	54
	53
	55
	54

	60, FR1
	24
	2654
	2873
	98
	90
	85
	90

	
	64
	2013
	2653
	57
	54
	54
	55

	
	132
	2644
	2328
	58
	57
	54
	58

	60, FR2
	24
	2697
	2357
	110
	132
	112
	102

	
	64
	1796
	100
	90
	102
	89
	79

	
	132
	1441
	103
	102
	104
	104
	101

	120
	32
	
	
	
	
	
	

	
	64
	
	
	
	
	
	

	
	128
	
	
	
	
	
	



Table 9: Rx-Tx performance for TDL-D channel
	SCS (kHz)
	RB
	Sample number

	
	
	1
	2
	4
	1
	2
	4

	
	
	Es/Iot = (-6, -13, -13) dB
	Es/Iot = (-6, -6, -6) dB

	15
	24
	2830
	72
	57
	68
	48
	40

	
	52
	2484
	34
	28
	28
	26
	25

	
	104
	1275
	24
	23
	22
	22
	22

	30
	24
	2298
	32
	28
	28
	28
	25

	
	48
	2993
	29
	27
	24
	23
	23

	
	132
	2405
	21
	21
	20
	21
	20

	60, FR1
	24
	1222
	31
	28
	26
	25
	24

	
	64
	1936
	22
	21
	21
	21
	21

	
	132
	2163
	21
	20
	21
	20
	20

	60, FR2
	24
	1946
	31
	28
	26
	25
	24

	
	64
	1966
	22
	21
	21
	21
	21

	
	132
	1874
	21
	20
	21
	20
	20

	120
	32
	
	
	
	
	
	

	
	64
	
	
	
	
	
	

	
	128
	
	
	
	
	
	


Observation 4: The performance trend for UE Rx-Tx is similar to RSTD.
Conclusions
In this paper we provided our views on reduced number of samples for positioning measurement.
Observation 1: For RSTD accuracy, with 1-sample
· it is feasible to achieve similar accuracy as Rel-16 requirements at -6dB Es/Iot under all propagation conditions assumed in Rel-16
· it is feasible to achieve similar accuracy as Rel-16 requirements at -13dB Es/Iot for some but not all cases under AWGN channel
· it is NOT feasible to achieve similar accuracy as Rel-16 requirements for all cases at -13dB Es/Iot under TDL-A/C or TDL-D channel
Observation 2: For RSTD accuracy, with 2-sample
· it is feasible to achieve similar accuracy as Rel-16 requirements at -6dB Es/Iot under all propagation conditions assumed in Rel-16
· it is feasible to achieve similar accuracy as Rel-16 requirements at -13dB Es/Iot for all cases under AWGN and TDL-D channel
· it is NOT feasible to achieve similar accuracy as Rel-16 requirements for most cases at -13dB Es/Iot under TDL-A/C channel
Observation 3: For PRS-RSRP accuracy, 
· there is non-negligible performance degradation when going from 4-sample to 2-sample and to 1-sample, under all propagation conditions and at both -13dB and -6dB Es/Iot.
· the performance degradation is smaller at -6dB Es/Iot compared to -13dB Es/Iot.
Observation 4: The performance trend for UE Rx-Tx is similar to RSTD.
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