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1 Introduction

In last RAN4 meeting, the simulation methodology for RFPM is discussed in [1], the three simulation approaches are analyzed in detailed, and a WF [2] is approved in this meeting, it is agreed that,

· Using ‘system level simulation + link level simulation’ to obtain the measured RSRP, RSTD and TA etc.
· Finalize the detailed simulation assumption parameters of baseline realistic simulation approach in RAN4 #61 meeting
In this contribution, we analyze the detailed simulation assumptions for RFPM positioning comparison, and a draft WF is provided in the annex.
2 Discussion
2.1 Simulation assumptions 
In order to compare the performance of RFPM and other positioning schemes, the system + link level simulator needs to be constructed. Based on the analysis of [1], the corresponding simulation structure is provided as following figure,
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Figure 1 Comparison simulation structure
The entire simulator consists of one system level simulator and three link level simulators (including realistic RSRP estimator, realistic RSTD estimator and realistic UE Rx-Tx estimator). As analyzed in [1], system level simulator is used to capture the SINR 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. After the corresponding UE Rx-Tx time difference, RSRP and RSTD are estimated in the link level simulation, the different positioning functions, such as ECID and RFPM etc., use these link level simulation outputs to calculate the UE location, and then in the statistic function the positioning error are estimated and counted.  
For OTDOA the system level simulation assumptions had been discussed in previous RAN4 meetings [3], it can be reused in RFPM positioning simulation for deriving the received SINR of CRS or PRS at UE side. The system level simulation assumptions can be summarized as table 1,
Table 1. General system level simulation assumptions

	Parameter
	Value

	Cell layout
	Hexagonal Grid, wrap around

	Number of sites
	19 sites, with 3-sectored antennas at each site

	Penetration loss and UE speed
	Indoor: 20 dB, 3 km/h for 500m and 1732m (Case 1 and Case 3)

Outdoor: 10 dB, 30 km/h for 500m (Case 2)

Cases 1-3 defined in TS 25.814 [4]

	Inter-Site distance
	500 m, 1732 m

	Antenna gain
	15 dBi (3-sector antenna as defined in TR 36.942 [5])

	Distance-dependent pathloss
	L=128.1+37.6log10(R) (R in km) [4]

	Carrier frequency
	2 GHz (E-UTRAN FDD band 1)

	Minimum distance between UE and BS
	35 m

	Carrier bandwidth
	1.4 MHz (baseline),10 MHz

	Data and CCH load
	100%

	eNode B power
	43 dBm for 1.4 MHz, 46 dBm for 10 MHz

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Lognormal shadowing standard deviation
	8 dB

	Shadowing correlation 
	Between sites
	0.5

	
	Between sectors
	1

	Correlation distance of shadowing
	50 m

	Channel model
	ETU, EPA

	Network synchronization
	Synchronous(baseline), Asynchronous

	Cyclic prefix
	Normal

	Number of transmit antennas
	1

	Number of receive antennas
	2 equal-gain uncorrelated antennas

	PRS power per RE
	( Pmax-10*log10(Nsc)+4 [dB] (Pmax is the max eNB power; Nsc is the total number of subcarriers over the system bandwidth; and 4 comes from the eNode B dynamic range requirements) [8]

	CRS power per RE
	


In [2], the Multi-cell ECID is used as a baseline positioning method for performance comparison. As Pcell timing advance (TA) and RSRP measurement results are used for multi-cell ECID positioning, the realistic RSRP estimator and realistic UE Rx-Tx estimator shall be included in the corresponding multi-cell ECID positioning performance simulation. In RFPM the timing advance (TA), RSRP, and RSTD measurement results are used for positioning, and therefore the realistic RSRP estimator, realistic Rx-Tx estimator and realistic RSTD estimator shall be included in the corresponding RFPM positioning performance simulation.
· RSRP estimator simulation assumptions
The RSRP estimator simulation assumption can reuse the simulation parameters table in [6]. It can be summarized as table 2. For the multi-cell positioning, the number of participator cells is based on the corresponding cell SINR received at UE side. In the simulation, it is assumed that the cells whose CRS SINR at UE side are higher than or equal to -6dB (as defined in TS36.133, section9) can be used for multi-cell positioning. 
Table 2 RSRP estimator simulation assumptions

	Parameters
	Value

	Measurement bandwidth
	See table 1

	L1 measurement period
	200 ms

	Measurement sampling rate
	5 samples per L1 period

	L3 filtering
	disabled

	Transmit antenna
	1

	Receive antennas
	2 equal-gain uncorrelated antennas

	Propagation conditions
	See table1

	Participator cell number
	The cells whose CRS SINR at UE side are higher than or equal to -6dB


· UE Rx-Tx estimator simulation assumptions

The UE Rx-Tx estimator simulation assumptions have also been discussed in previous RAN4 meetings, and can be summarized as table 3. In the simulation, it is assumed that the Pcell whose CRS SINR at UE side is higher than or equal to -3dB (as defined in TS36.133, section 9) can be used for UE Rx-Tx measurement.
Table 3 Rx-Tx estimator simulation assumptions

	Parameters
	Value

	Measurement bandwidth
	See table 1

	L1 measurement period
	200 ms

	Measurement sampling rate
	5 samples per L1 period

	L3 filtering
	disabled

	Transmit antenna
	1

	Receive antennas
	2 equal-gain uncorrelated antennas

	DRX/DTX
	OFF

	Propagation conditions
	See table 1

	Participator cell number
	0 (Pcell CRS SINR at UE side is lower than -3dB);
1 (Pcell CRS SINR at UE side is higher than or equal to -3dB)


Note: The eNB Rx-Tx time difference here is 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 measurement error shall be taken into account in this simulation.
· RSTD estimator simulation assumptions
The RSTD estimator simulation assumptions have been discussed in [7], and it can be summarized as table 4. In the simulation, it is assumed that the cells whose PRS SINR at UE side are higher than or equal to -13dB (as defined in TS36.133, section 9) can be used for UE RSTD measurement.
Table 4 RSTD estimator simulation assumptions
	Parameters
	Value

	DRX
	OFF

	Propagation conditions
	See table 1

	Transmit antenna
	1

	Receive antenna
	2 equal-gain uncorrelated antennas

	Positioning subframes
	LIS (no presence of PDSCH in PRBs containing PRS),

full alignment

	Number of consecutive positioning subframes
	1 (for 10MHz), 6 (for 1.4MHz)
non-coherent accumulation

	Number of positioning occasions for a positioning fix
	1

	PRS pattern
	6-reuse in frequency, vshift = mod(PCI,6)

	PRS transmission bandwidth
	Full carrier bandwidth, see table 1

	Measurement bandwidth
	Full carrier bandwidth, see table 1

	Participator cell number
	The cells whose PRS SINR at UE side are higher than or equal to -13dB


For RFPM positioning, maximum likelihood method is used for grid matching and the grid size can be set as 10m×10m for baseline.
Based on the analysis of simulation assumptions for different estimators, we can summarized the link level simulation assumptions for each positioning methods involved in the comparison simulation.
Table 5 Specific simulation assumptions for each positioning method

	Positioning method
	Parameters
	Value
	Comment

	Single-cell ECID
	L1 measurement period (CRS)
	200 ms
	UE Rx-Tx time difference measurement

	
	Measurement sampling rate (CRS)
	5 samples per L1 period
	

	
	Transmit antenna (CRS)
	1
	

	
	Receive antennas (CRS)
	2 equal-gain uncorrelated antennas
	

	
	Participator cell number (Rx-Tx)
	0 (Pcell CRS SINR at UE side is lower than -3dB);

1 (Pcell CRS SINR at UE side is higher than or equal to -3dB)
	

	Multi-cell ECID
	L1 measurement period (CRS)
	200 ms
	UE Rx-Tx time difference measurement and RSRP measurement

	
	Measurement sampling rate (CRS)
	5 samples per L1 period
	

	
	Transmit antenna (CRS)
	1
	

	
	Receive antennas (CRS)
	2 equal-gain uncorrelated antennas
	

	
	Participator cell number (Rx-Tx)
	See the parameter of single-cell ECID in this table
	UE Rx-Tx time difference measurement

	
	Participator cell number (RSRP)
	The cells whose SINR at UE side are higher than or equal to -6dB
	RSRP measurement

	OTDOA
	Transmit antenna (PRS)
	1
	RSTD measurement

	
	Receive antenna (PRS)
	2 equal-gain uncorrelated antennas
	

	
	Positioning subframes
	LIS (no presence of PDSCH in PRBs containing PRS), full alignment
	

	
	Number of consecutive positioning subframes
	1 (for 10MHz), 6 (for 1.4MHz); non-coherent accumulation
	

	
	Number of positioning occasions for a positioning fix
	1
	

	
	PRS pattern
	6-reuse in frequency, vshift = mod(PCI,6)
	

	
	Participator cell number (RSTD)
	The cells whose PRS SINR at UE side are higher than or equal to -13dB
	

	
	Hyperbolic location method
	Chan estimator [9]
	

	RFPM
	Grid matching method
	maximum likelihood
	UE Rx-Tx time difference measurement, RSRP measurement and RSTD measurement

	
	Grid size
	10m×10m
	

	
	RSRP measurement parameters
	See the parameter of Multi-cell ECID in this table
	

	
	UE Rx-Tx measurement parameters
	See the parameter of single-cell ECID in this table
	

	
	RSTD measurement parameters
	See the parameter of OTDOA in this table
	


3 Conclusion
This contribution provides a discussion on the detailed simulation assumptions for RFPM positioning. And based on the analysis in this paper, a draft way forward is proposed in the annex.
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Annex
Way forward on simulation assumptions for RFPM positioning comparison
· The general system level simulation assumptions are summarized as follows.

Table 1. General system level simulation assumptions
	Parameter
	Value

	Cell layout
	Hexagonal Grid, wrap around

	Number of sites
	19 sites, with 3-sectored antennas at each site

	Penetration loss and UE speed
	Indoor: 20 dB, 3 km/h for 500m and 1732m (Case 1 and Case 3)

Outdoor: 10 dB, 30 km/h for 500m (Case 2)

Cases 1-3 defined in TS 25.814 

	Inter-Site distance
	500 m, 1732 m

	Antenna gain
	15 dBi (3-sector antenna as defined in TR 36.942)

	Distance-dependent pathloss
	L=128.1+37.6log10(R) (R in km) 

	Carrier frequency
	2 GHz (E-UTRAN FDD band 1)

	Minimum distance between UE and BS
	35 m

	Carrier bandwidth
	1.4 MHz (baseline),10 MHz

	Data and CCH load
	100%

	eNode B power
	43 dBm for 1.4 MHz, 46 dBm for 10 MHz

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Lognormal shadowing standard deviation
	8 dB

	Shadowing correlation 
	Between sites
	0.5

	
	Between sectors
	1

	Correlation distance of shadowing
	50 m

	Channel model
	ETU, EPA

	Network synchronization
	Synchronous(baseline), Asynchronous

	Cyclic prefix
	Normal

	Number of transmit antennas
	1

	Number of receive antennas
	2 equal-gain uncorrelated antennas

	PRS power per RE
	( Pmax-10*log10(Nsc)+4 [dB] (Pmax is the max eNB power; Nsc is the total number of subcarriers over the system bandwidth; and 4 comes from the eNode B dynamic range requirements) 

	CRS power per RE
	


· The specific simulation assumptions for each positioning method are summarized as follows.

Table 2 Specific simulation assumptions for each positioning method

	Positioning method
	Parameters
	Value
	Comment

	Single-cell ECID
	L1 measurement period (CRS)
	200 ms
	UE Rx-Tx time difference measurement

	
	Measurement sampling rate (CRS)
	5 samples per L1 period
	

	
	Transmit antenna (CRS)
	1
	

	
	Receive antennas (CRS)
	2 equal-gain uncorrelated antennas
	

	
	Participator cell number (Rx-Tx)
	0 (Pcell CRS SINR at UE side is lower than -3dB);

1 (Pcell CRS SINR at UE side is higher than or equal to -3dB)
	

	Multi-cell ECID
	L1 measurement period (CRS)
	200 ms
	UE Rx-Tx time difference measurement and RSRP measurement

	
	Measurement sampling rate (CRS)
	5 samples per L1 period
	

	
	Transmit antenna (CRS)
	1
	

	
	Receive antennas (CRS)
	2 equal-gain uncorrelated antennas
	

	
	Participator cell number (Rx-Tx)
	See the parameter of single-cell ECID in this table)
	UE Rx-Tx time difference measurement

	
	Participator cell number (RSRP)
	The cells whose SINR at UE side are higher than or equal to -6dB
	RSRP measurement

	OTDOA
	Transmit antenna (PRS)
	1
	RSTD measurement

	
	Receive antenna (PRS)
	2 equal-gain uncorrelated antennas
	

	
	Positioning subframes
	LIS (no presence of PDSCH in PRBs containing PRS), full alignment
	

	
	Number of consecutive positioning subframes
	1 (for 10MHz), 6 (for 1.4MHz); non-coherent accumulation
	

	
	Number of positioning occasions for a positioning fix
	1
	

	
	PRS pattern
	6-reuse in frequency, vshift = mod(PCI,6)
	

	
	Participator cell number (RSTD)
	The cells whose PRS SINR at UE side are higher than or equal to -13dB
	

	
	Hyperbolic location method
	Chan estimatornote1
	

	RFPM
	Grid matching method
	maximum likelihood
	UE Rx-Tx time difference measurement, RSRP measurement and RSTD measurement

	
	Grid size
	10m×10m
	

	
	RSRP measurement parameters
	See the parameter of Multi-cell ECID in this table
	

	
	UE Rx-Tx measurement parameters
	See the parameter of single-cell ECID in this table
	

	
	RSTD measurement parameters
	See the parameter of OTDOA in this table
	


Note1: Referring to IEEE transactions on signal processing, Vol.42, NO.8, Aug 1994, “A simple and efficient estimator for hyperbolic location”, Y. T. Chan
· The initial simulation results can be provided in the next RAN4 meeting for discussion.
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