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1 Introduction

The way forward [1] on RFPM simulation assumption is email approved in the last RAN4 meeting. Three simulation approaches are listed in the WF as,
· Simulation approaches
Option 1: Mathematical method to derive Cramer-Rao bounds of involved positioning schemes
Option 2: Simulation including the measurement elements with ‘ideal value + random error’ and location estimation algorithm 
Option 3: Simulation including RSRP estimator, RSTD estimator, TA estimator and location estimation algorithms
In this contribution the detailed simulation methodology are provided for these three options.
2 Discussion
2.1 Simulation option 1
The Cramer-Rao lower bound is used in this simulation option to achieve the performance of e-CID (AoA+TA), OTDOA and RFPM. The simulation methodology of option 1 was analyzed in [2], in which the Crame-Rao lower bounds of involved positioning schemes were deduced.  Moreover, the deviations of the measurement elements were considered based on the requirement in TS36.133 [3], and in this section we discuss further about the related deviation according to the mathematical simulation results. 
· RSRP measurement deviation
The RSRP measurement error is defined in the RSRP accuracy requirement of [3], and in normal condition (8 dB measurement error is required if RSRP for Ês/Iot ( -6 dB, i.e. if CRS Ês/Iot is higher than the decode threshold the RSRP measurement error can not exceed range of [-8, +8] dB. However the small probability event of RSRP measurement error failing to meet the requirement may happen in practical scenarios and it can be allowed with probability smaller than 5%. The error can be generated as a random value based on the normal distribution with mean 0dB and standard deviation ‘sigRsrp’. If sigRsrp is configured, the CDF of the normal distribution can be obtained, and the cumulative probability of abs(RSRP uncertainty)＞8dB (abs: absolute value) can be also captured.  Thus, in order to obtain the reasonable sigRsrp, some mathematical simulations have been done, and the results can be summarized as follows based on the simulation curves in Annex A. (a).
Table 1. sigRsrp vs. cumulative probability of abs(RSRP uncertainty)＞8dB

	Standard deviation (sigRsrp) (dB)
	1
	2
	3
	4
	5
	6
	7
	8

	Cumulative probability of abs(RSRP uncertainty)＞8dB 
	≈0
	≈0
	≈1%
	≈5%
	≈11%
	≈18%
	≈25%
	≈32%


It can be observed that if the sigRsrp is higher than 4 dB the cumulative probability of abs(RSRP uncertainty)＞8dB will become higher than 5%. Thus, we choose sigRsrp=4dB as a reasonable standard deviation to generate random values as RSRP uncertainty in the RFPM error model. 
· TA deviation
TA is derived from eNB Rx-Tx time difference and UE Rx-Tx time difference, and the UE Rx-Tx time difference measurement accuracy requirement is specified in [3]. The eNB Rx-Tx time difference is not considered for TA deviation as eNB Rx-Tx is much more accurate than the UE side. For 10MHz measurement bandwidth, UE Rx-Tx time difference measurement accuracy is ±10Ts, i.e. if CRS Ês/Iot is higher than -3dB the TA measurement error can not exceed range of [-10, +10] Ts. However the small probability event of TA measurement error failing to meet the requirement may happen in practical scenarios and it can be allowed with probability smaller than 5%. Similar with the RSRP deviation, the TA error can be generated as a random value based on the normal distribution with mean 0Ts and standard deviation ‘sigTA_Ts’. If sigTA_Ts is configured, the CDF of the normal distribution can be obtained, and the cumulative probability of abs(TA uncertainty)＞10Ts can be also captured. Thus, in order to obtain the reasonable sigTA_Ts, some mathematical simulations have been done, and the results can be summarized as follows based on the simulation curves in Annex A. (b).

Table 2. sigTA_Ts vs. cumulative probability of abs(TA uncertainty)＞10Ts

	Standard deviation (sigTA_Ts) (Ts)
	3
	4
	5
	6
	7
	8
	9
	10

	Cumulative probability of abs(TA uncertainty)＞10Ts 
	≈0
	≈2%
	≈5%
	≈10%
	≈15%
	≈21%
	≈27%
	≈32%


It can be observed that if the sigTA_Ts is higher than 5Ts the cumulative probability of abs(TA uncertainty)＞10Ts will become higher than 5%. Thus, we choose sigTA_Ts=5Ts (sigTA= sigTA_Ts*c=49m) as a reasonable standard deviation to generate random values as TA uncertainty in both e-CID and RFPM error model. 

· RSTD measurement deviation
RSTD measurement deviation is discussed in [2], and for alignment of simulation assumption the Rel-9 intra-frequency RSTD requirement is used to obtain RSTD measurement deviation. For 10MHz measurement bandwidth, RSTD measurement accuracy is ±5Ts, i.e. if reference cell PRS Ês/Iot is higher than  -6dB and neighbouring cell PRS Ês/Iot is higher than -13dB the RSTD measurement error can not exceed range of [-5, +5] Ts. However the small probability event of RSTD measurement error failing to meet the requirement may happen in practical scenarios and it can be allowed with probability smaller than 5%. Similar with the TA deviation, the RSTD measurement error can be generated as a random value based on the normal distribution with mean 0Ts and standard deviation ‘sigRSTD’. If sigRSTD is configured, the CDF of the normal distribution can be obtained, and the cumulative probability of abs(RSTD uncertainty)＞5Ts can be also captured. Thus, in order to obtain the reasonable sigRSTD, some mathematical simulations have been done, and the results can be summarized as follows based on the simulation curves in Annex A. (c).

Table 3. sigRSTD vs. cumulative probability of abs(RSTD uncertainty)＞5Ts

	Standard deviation (sigRSTD) (Ts)
	1.5
	2
	2.5
	3
	3.5
	4
	4.5
	5

	Cumulative probability of abs(RSTD uncertainty)＞5Ts 
	≈0
	≈2%
	≈5%
	≈10%
	≈15%
	≈21%
	≈27%
	≈32%


It can be observed that if the sigRSTD is higher than 2.5Ts the cumulative probability of abs(RSTD uncertainty)＞5Ts will become higher than 5%. Thus, we choose sigRSTD =2.5Ts as a reasonable standard deviation to generate random values as RSTD uncertainty in both OTDOA and RFPM error model. 
Proposal 1: The standard deviation of RSRP uncertainty, TA uncertainty and RSTD uncertainty are sigRSRP=4dB, sigTA=49m and sigRSTD=2.5Ts, respectively.

The simulation structure of option1 can be summarized as follows,
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Figure 1.  Simulation structure of option1
(1) In system level simulator analyzed in [2], UE are randomly distributed in the evaluation area, and then the real location of each UE can be captured to obtain the real angle and distance information which are inputs for Cramer-Rao bounds calculation. 
(2) The corresponding lower bounds of three positioning schemes are derived in the Cramer-Rao bound calculation function using the input information from system level simulator. 
(3) In the statistic function the positioning error is estimated based on the inputted Cramer-Rao covariance bound matrix.
2.2 Simulation option 2
In [1], option2 is the simulation process including the measurement elements of ‘real value + measurement error’ and location estimation algorithm. System level simulator is used to capture the real distance or angle information, and then random value generator is used to generate the random error based on the corresponding distribution e.g. normal distribution or uniform distribution. 
· For e-CID scheme, the simulation structure of option2 can be shown as follows,
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Figure 2.  e-CID simulation structure of option2
(1) In system level simulator analyzed in [2], UE are randomly distributed in the evaluation area, and then the real location of each UE can be captured to obtain the real angle and distance information. As the input of Rel-9 e-CID scheme, the real TA and AoA can be also captured using the corresponding angle and distance information. 

(2) Each measurement result in the simulation is the sum of two parts: the real measurement value and the measurement error. The real measurement value can be derived from system level simulator as explained in step(1), and the measurement error can be derived from a random value generator in which the mean value and standard deviation of the distribution are configured in advance.
(3) Based on the measurement results outputted from step(2), the UE location can be estimated using Rel-9 e-CID function.
(4) In the statistic function the positioning error is estimated based on the inputted estimated UE location and the real UE location.

· For OTDOA scheme, the simulation structure of option2 can be shown as follows,
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Figure 3.  OTDOA simulation structure of option2

(1) In system level simulator analyzed in [2], UE are randomly distributed in the evaluation area, and then the real location of each UE can be captured to obtain the real distance information. As the input of Rel-9 OTDOA scheme, the real RSTD can be also captured using the corresponding distance information. 

(2) Each measurement result in the simulation is the sum of two parts: the real measurement value and the measurement error. The real measurement value can be derived from system level simulator as explained in step(1), and the measurement error can be derived from a random value generator in which the mean value and standard deviation of the distribution are configured in advance.
(3) Based on the measurement results outputted from step(2), the UE location can be estimated using OTDOA function. For alignment of simulation assumptions, the algorithm ‘a simple and efficient estimator for hyperbolic location’ [4] from Chan is proposed to be adopted from Huawei side.
(4) In the statistic function the positioning error is estimated based on the inputted estimated UE location and the real UE location.

· For RFPM scheme, the simulation structure of option2 can be shown as follows,
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Figure 4.  RFPM simulation structure of option2

(1) In system level simulator analyzed in [2], UE are randomly distributed in the evaluation area, and then the real location of each UE can be captured to obtain the real angle and distance information. As the input of RFPM scheme, the real TA, AoA, RSRP and RSTD can be also captured using the corresponding angle and distance information. 

(2) Each measurement result in the simulation is the sum of two parts: the real measurement value and the measurement error. The real measurement value can be derived from system level simulator as explained in step(1), and the measurement error can be derived from a random value generator in which the mean value and standard deviation of the distribution are configured in advance.
(3) Based on the measurement results outputted from step(2), the UE location can be estimated using RFPM function. For alignment of simulation assumptions, the maximum likelihood algorithm is proposed to be adopted in RF pattern matching function from Huawei side.
(4) In the statistic function the positioning error is estimated based on the inputted estimated UE location and the real UE location.

2.3 Simulation option 3

In [1], option3 is the simulation process including RSRP estimator, RSTD estimator, TA estimator and location estimation algorithms. System level simulator is used to capture the SINR level at the UE side, and then the link level simulator is used to estimate the real measurement results including measurement error based on the inputted SINR from system level simulation. 
· For e-CID scheme, the simulation structure of option3 can be shown as follows,
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Figure 5.  e-CID simulation structure of option3
(1) In system level simulator analyzed in [2], UE are randomly distributed in the evaluation area, and then the received SINR of each UE can be captured. 
(2) Based on the inputted SINR, the UE Rx-Tx time difference including measurement error can be estimated in link level simulation. The eNB Rx-Tx time difference and AoA here are proposed to be the real measurement value without measurement error for simulation simplicity. But we still don’t exclude that it is TBD for deciding whether the eNB Rx-Tx time difference and AoA measurement error shall be taken into account in simulation option3.
(3) Based on the measurement results outputted from step(2), the UE location can be estimated using Rel-9 e-CID function.
(4) In the statistic function the positioning error is estimated based on the inputted estimated UE location and the real UE location.
· For OTDOA scheme, the simulation structure of option3 can be shown as follows,
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Figure 6.  OTDOA simulation structure of option3
(1) In system level simulator analyzed in [2], UE are randomly distributed in the evaluation area, and then the received SINR of each UE can be captured. 
(2) Based on the inputted SINR, the UE RSTD including measurement error can be estimated in link level simulation. The cells who fulfil the PRS Es/Iot side condition can be all used for OTDOA positioning.

(3) Based on the measurement results outputted from step(2), the UE location can be estimated using OTDOA function. For alignment of simulation assumptions, the algorithm in [4] is proposed to be adopted from Huawei side.
(4) In the statistic function the positioning error is estimated based on the inputted estimated UE location and the real UE location.

· For RFPM scheme, the simulation structure of option3 can be shown as follows,
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Figure 7.  RFPM simulation structure of option3
(1) In system level simulator analyzed in [2], UE are randomly distributed in the evaluation area, and then the received SINR of each UE can be captured. 

(2) Based on the inputted SINR, the UE RSRP, TA and RSTD including measurement error can be estimated in RSRP estimator, TA estimator and RSTD estimator, respectively, in link level simulation. The eNB Rx-Tx time difference and AoA here are proposed to be the real measurement value without measurement error for simulation simplicity. But we still don’t exclude that it is TBD for deciding whether the eNB Rx-Tx time difference and AoA measurement error shall be taken into account in simulation option3.
(3) Based on the measurement results outputted from step(2), the UE location can be estimated using RFPM function. For alignment of simulation assumptions, the maximum likelihood algorithm is proposed to be adopted in RF pattern matching function from Huawei side.
(4) In the statistic function the positioning error is estimated based on the inputted estimated UE location and the real UE location.
2.4 Simulation approach comparison
Regarding the analysis in section 2.1 - 2.3, the comparison of simulation approaches can be summarized as follows,

Table 4. Simulation approaches comparison
	Simulation approach
	Approaching the real performance
	Complexity
	Involved Simulator 
	Remark

	Option1
	Middle
	Middle
	System level simulator
	To achieve the mathematical performance bound

	Option2
	Middle
	Low
	System level simulator
	Using random generator to obtain measurement error

	Option3
	High
	High
	System level simulator + link level simulator
	


Option3 is the best way to approach the real positioning performance, however as system and link level simulation are both used in option3 it is difficult and complex to perform simulation option3. Option1 uses the Cramer-Rao bound to denote the positioning performance, and option2 uses random value to denote the measurement error. Comparing the three simulation options, the proposal is drawn as follows,
Proposal 2: Option2 is preferred for positioning performance comparison besides the mathematical method.
3 Conclusion
This contribution provides a discussion on the simulation methodology of positioning performance comparison. The measurement error deviations for simulation option1 are analyzed in section 2.1, and the simulation structures of option2 and option3 are analyzed in section 2.2 - 2.3. Based on the analysis, the proposals of this contribution are:
Proposal 1: The standard deviation of RSRP uncertainty, TA uncertainty and RSTD uncertainty are sigRSRP=4dB, sigTA=49m and sigRSTD=2.5Ts, respectively.

Proposal 2: Option2 is preferred for positioning performance comparison besides the mathematical method.
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Annex A. Simulation results for fixing the error deviation

	(a) sigRsrp vs. cumulative probability of abs(RSRP uncertainty)＞8dB
	(b) sigTA_Ts vs. cumulative probability of abs(TA uncertainty)＞10Ts
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	(c) sigRSTD vs. cumulative probability of abs(RSTD uncertainty)＞5Ts
	

	[image: image10.png]() d9-00E )+ RSRP,TA RSTDZECDF EREERTRIAS
3 10. 107. 133.42 — EREHE

HEEIHAELEEV0.S - Microsoft Word -

iGateway
& E:\ERN\liukai\matlab_file\sign: 123.19. 200. 66
IO @ED SEQ KEO TAD BHO

QFE - - ¥ | Pex ooux |@E

D) [ 5 et et fileisione s
RS E1i - Bile Bdit Yiew Insert Tools Debug Desktop Window Help 7 x
frinse DEES[F[RR09R. 2[0E[=DO BO8s0
) BB AP
(@ BRI ] sigTAUOTs). fig probability of [RSTD uncertainty|>5Ts
ERE I ) SigRSTD 5Ts). £i 035
@ FETIHEAE Heb
O LETFARR RIS,
pay

X BRI

HERE
) matlab_file
© B
9 Em
§ ALaR

VRIER

; —— 1%(1 93)2%(2 15/5%(2.55)10%(3.04)
f T i i i i

2 25 ERE & a5 5
standard deviation

fo. 2wER %o 2 R - ARz - @m. #310.107.1




	










































































































































































































































































































































 8/8

_1378391113.vsd
�

Obtain the real location of UE�

Capture the real TA and AoA


UE randomly dropped


Generate measurement error �

Positioning Error Estimation


Statistic function


System level simulation


Random value generator


e-CID function


UE location calculation�

Obtain related angle and distance information



_1378391753.vsd
�

SINR at UE side�

RSRP estimator�

RSTD estimator�

TA estimator�

UE randomly dropped


RF pattern matching�

Positioning Error Estimation


System level simulation


Link level simulation


Statistic function


RFPM function



_1378391886.vsd
�

Obtain the real location of UE�

Capture the real TA, AoA, RSRP and RSTD


UE randomly dropped


Generate measurement error �

Positioning Error Estimation


Statistic function


System level simulation


Random value generator


RFPM function


RF pattern matching�

Obtain related distance and angle information



_1378391508.vsd
�

Obtain the real location of UE�

Capture the real RSTD


UE randomly dropped


Generate measurement error �

Positioning Error Estimation


Statistic function


System level simulation


Random value generator


OTDOA function


UE location calculation�

Obtain related distance information



_1378306208.vsd
�

SINR at UE side�

UE Rx-Tx estimator�

UE randomly dropped


UE location calculation�

Positioning Error Estimation


System level simulation


Link level simulation


Statistic function


e-CID function


eNB Rx-Tx and AoA estimator�


_1378385963.vsd
�

Obtain the real location of UE�

E-CID Cramer-Rao bound calculation�

RFPM Cramer-Rao bound calculation�

UE randomly dropped


OTDOA Cramer-Rao bound calculation�

Positioning Error Estimation


Statistic function


System level simulation


Cramer-Rao bound calculation function


Obtain related angle and distance information



_1378306070.vsd
�

SINR at UE side�

RSTD estimator�

UE randomly dropped


UE location calculation�

Positioning Error Estimation


System level simulation


Link level simulation


Statistic function


OTDOA function



