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1. Introduction
In RAN4 #81, RAN4 agreed to evaluate RSTD measurement performance for Cat.1 UE with single Rx antenna and agreed on the simulation assumption in [1]. In this contribution we provide simulation results for RSTD measurement and our proposal on how to specify RSTD measurement requirement and RSTD measurement accuracy requirement. 
2. Discussion
2.1. Existing RSTD measurement requirement
In existing RSTD measurement requirement, UE is required to measure and provide RSTD measurement reporting for at least n=16 cells including the reference cell within 
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where 
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 is the cell-specific positioning subframe configuration period 
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 is the number of PRS positioning occasions, which is 16 when 
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 is 160ms and 8 when 
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   is larger than 160ms. This implies that UE has to measure 
RSTD for one cell in each PRS occasion when 
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 is 160ms and for two cells in each PRS occasion when 
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   is larger than 160ms. RSTD measurement accuracy requirement is derived under the assumption that UE measures RSTD based on PRS observation within one PRS occasion. 
[image: image9.png]TRSTOmtsFeq 0D, E-UTRAN

A\

Trrs

)

%
)

|

s

2

N

2

PRS positioning occasion




Figure 1. RSTD measurement timeline
2.2. Simulation results
Simulation was run for following cases. 

· Cell ID : Non-colliding PRS (0, 1, 2), Colliding PRS (0, 6, 12)

· Network synchronization : only synchronous case (0, 0, CP/2)

· Duplex mode : only FDD

· Number of Rx antenna: 1, 2

· PRS bandwidth : 6 RB, 15, 25RB, 50RB, 75RB
· Propagation channel: AWGN, EPA5, ETU30

· SINR : (-6,-13,-13)
· SNR=(-6, -13, -13) dB for non-colliding case
· SNR=(-5.33, -10.65, -10.65) dB for colliding case
Table 1 shows summary of simulation results. Simulation results was summarized with 90%-tile of absolute RSTD measurement error. From the simulation results, we can observe that
· In AWGN channel, existing RSTD measurement accuracy requirements can be met with good margin by single Rx UE with only one PRS occasion.  
· In EPA5 channel, existing RSTD measurement accuracy requirements can be met with only small margin or cannot be met in 50 RB case by single Rx UE. Performance degradation is mainly caused by loss of antenna diversity. 
· In ETU30 channel, existing RSTD measurement accuracy requirements can cannot be met in many scenarios by single Rx UE. Significant performance degradation is observed across the board relative to 2 Rx UE. 
Given the observation above, we believe RSTD measurement accuracy requirement should be relaxed in consideration of degraded measurement performance of 1 Rx UE. We would like to propose RSTD measurement accuracy requirement in table 2 based on our simulation results. 
Proposal 1. For Cat.1 UE with single Rx antenna, RSTD measurement accuracy requirement should be relaxed as in table 2. 
Table 1. 90%-tile of absolute RSTD measurement error (Ts)

	PRS BW
	channel
	case
	Colliding PRS (0, 6, 12)
	Non-colliding PRS (0, 1, 2)

	
	
	
	neighbor 1
	neighbor 2
	neighbor 1
	neighbor 2

	6 RB


	AWGN
	2 Rx
	6.75
	5.66
	5.03
	5.44

	
	
	1 Rx
	6.77
	5.54
	4.63
	5.07

	
	EPA5
	2 Rx
	3.90
	4.34
	4.05
	4.67

	
	
	1 Rx
	6.35
	8.99
	6.01
	7.37

	
	ETU30
	2 Rx
	6.69
	8.17
	6.75
	10.76

	
	
	1 Rx
	12.87
	19.97
	14.14
	22.39

	15 RB
	AWGN
	2 Rx
	0.45
	0.42
	0.49
	0.48

	
	
	1 Rx
	0.43
	0.45
	0.50
	0.50

	
	EPA5
	2 Rx
	0.59
	0.58
	0.63
	0.63

	
	
	1 Rx
	0.92
	0.88
	0.96
	0.92

	
	ETU30
	2 Rx
	4.68
	4.72
	4.89
	4.98

	
	
	1 Rx
	6.39
	6.66
	6.33
	6.55

	25 RB
	AWGN
	2 Rx
	0.39
	0.31
	0.53
	0.53

	
	
	1 Rx
	0.44
	0.36
	0.65
	0.64

	
	EPA5
	2 Rx
	1.80
	1.96
	1.92
	2.04

	
	
	1 Rx
	2.98
	5.21
	3.28
	4.03

	
	ETU30
	2 Rx
	5.23
	5.72
	5.91
	5.71

	
	
	1 Rx
	9.48
	11.63
	11.19
	12.07

	50 RB
	AWGN
	2 Rx
	0.19
	0.19
	0.25
	0.26

	
	
	1 Rx
	0.21
	0.21
	0.29
	0.31

	
	EPA5
	2 Rx
	1.15
	2.21
	2.34
	2.35

	
	
	1 Rx
	3.78
	7.85
	4.58
	5.43

	
	ETU30
	2 Rx
	4.38
	5.10
	6.38
	7.93

	
	
	1 Rx
	9.24
	12.21
	10.45
	15.21

	75 RB
	AWGN
	2 Rx
	0.14
	0.17
	0.17
	0.18

	
	
	1 Rx
	0.18
	0.21
	0.21
	0.23

	
	EPA5
	2 Rx
	2.24
	2.26
	2.26
	2.29

	
	
	1 Rx
	2.69
	2.89
	2.71
	2.84

	
	ETU30
	2 Rx
	4.60
	4.63
	5.68
	4.70

	
	
	1 Rx
	6.29
	8.75
	6.82
	8.88


Table 2. relaxed RSTD measurement accuracy for Cat.1 UE with single Rx antenna

	PRS bandwidth (RB)
	intra-frequency RSTD measurement 
	inter-frequency RSTD measurement 

	
	PRS SFs within PRS occasion (SF)
	2 Rx measurement accuracy (Ts)
	1 Rx measurement accuracy (Ts)
	PRS SFs within PRS occasion (SF)
	2 Rx measurement accuracy (Ts)
	1 Rx measurement accuracy (Ts)

	6
	6
	15
	22
	4
	21
	28

	15
	6
	10
	15
	4
	16
	22

	25
	2
	6
	12
	2
	10
	16

	50
	1
	5
	9
	1
	9
	14

	75/100
	1
	4
	8
	1
	8
	12


3. Conclusions

In this contribution, we provided simulation results for RSTD measurement for Cat.1 UE with single Rx antenna. Our proposals are
Proposal 1. For Cat.1 UE with single Rx antenna, RSTD measurement accuracy requirement should be relaxed as in table below. 
	PRS bandwidth (RB)
	intra-frequency RSTD measurement 
	inter-frequency RSTD measurement 

	
	PRS SFs within PRS occasion (SF)
	2 Rx measurement accuracy (Ts)
	1 Rx measurement accuracy (Ts)
	PRS SFs within PRS occasion (SF)
	2 Rx measurement accuracy (Ts)
	1 Rx measurement accuracy (Ts)

	6
	6
	15
	22
	4
	21
	28

	15
	6
	10
	15
	4
	16
	22

	25
	2
	6
	12
	2
	10
	16

	50
	1
	5
	9
	1
	9
	14

	75/100
	1
	4
	8
	1
	8
	12
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