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1
Introduction

Simulation methodologies for performance evaluation of RFPM location technology were discussed in the last RAN4 meeting and a WF [1] was approved at the meeting’s conclusion with the following recommendations:

· Use ‘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 propose simulation parameters for a joint system and link level simulation.
2
System Level Simulation Methodology

A system level simulation methodology was proposed in the previous RAN4 meeting and is shown here in Figure 1. In contrast to the earlier “system level simulation only” methodology, where random errors were assumed in positioning measurements, measurement errors will now be generated through detailed link level simulations. The link level simulator will be part of the “UE/E-UTRAN Positioning Measurements Generator” block. The system level simulation will dictate the received SNR of the CRS and PRS signals and the link level simulations will provide SNR-error CDF mappings for different measurements (Figure 2). In addition, the link level simulations will also return the detection probability of each cell w.r.t. a particular measurement (cell detection decision could also be based purely on an SINR threshold which is TBD). 










Figure 1 – Simulation Block Structure




Figure 2 – Interface between System and Link level Simulators

2.1
Location Methods to be simulated

2.1.1
Cell-ID/TA + AoA

In this method, the network measures the timing advance (TA) and angle of arrival (AoA) supplied by the serving cell. The UE will then be at a location projected in the AoA estimate direction at a distance determined by the TA estimate.

2.1.2
Multi-Cell ECID

The AECID positioning method [2] has been proposed in the WF [1] as one candidate for representing the multi-cell ECID category. The AECID method works by constructing a mapping between quantized UE/EU-TRAN measurements and GPS locations whenever available. In order to perform a system level simulation for AECID, several parameter values need to be established, for example, the density and error associated with the GPS measurements.  We note that AECID is one way to implement RFPM in which the underlying mechanism used to model the network is from user generated measurements. Thus, an alternative approach for obtaining baseline multi-cell ECID performance is to use the same algorithm specified in 2.1.4 where  the measurements are constrained to just those available in the ECID positioning method.  

2.1.3
OTDOA

In this method, the handset measures the difference in times of signals (RSTD) received from the serving cell and various neighbouring cells. These measurements are used to calculate the distance of the handset from the serving cell.  Each RSTD measurement for a pair of downlink transmissions describes a hyperbola along which the UE may be located. The UE’s position is determined by the intersection of these hyperbolas for at least two pairs of base stations. One way to accomplish this is through solution of a system of linear equations that are obtained after Taylor series expansion of the OTDOA expressions [8]. This is the algorithm that will be used in this simulation to derive the OTDOA location estimate.
2.1.4
RFPM

This method compares RF measurements (e.g. signal strength (RSRP) measurements) with a database of predicted measurements (e.g. RF Map) to derive the handset’s location. Possible measurements include the Cell ID/TA + AoA and OTDOA measurements. For the first cut, we will compute the squared norm of the deviation between the received and predicted measurement vectors for each candidate pixel and give out the location of the minimum error pixel as our UE location estimate. Before summing up the squared deviation of each measurement component, we will weigh it inversely based on its variance. This is same as the maximum likelihood method of estimation.

2.2
System Level Simulation Parameters

The evaluation parameters for the system level simulation are based on those recommended in [3] and given below: 
	Parameter
	Value

	Cell layout
	Hexagonal Grid, wrap around

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

	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)

	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) 

	Minimum distance between UE and BS
	35 m

	Carrier bandwidth
	1.4 MHz (baseline)

10 MHz

	eNode B power
	43 dBm for 1.4 MHz

46 dBm for 10 MHz

	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

Optional: Urban A, Urban B and Bad Urban profiles of T1P1

	Network synchronization
	Synchronous (baseline), Asynchronous

	Cyclic prefix
	Normal

	Number of transmit antennas
	1

	Number of receive antennas
	2

	Low interference sub-frames
	No data transmitted during sub-frames when RSTD is measured

	PRS pattern
	6-reuse in frequency



Table 1 – System Simulation Parameters

3
Link Level Simulation Methodology

As shown in Figure 2, the link level simulations are performed to create an SNR-Error level mapping table which is then used inside the UE/E-UTRAN measurements generator block. Simulation parameters corresponding to each positioning measurement quantity are given below: 

RSRP Estimation Simulation Parameters:

Following the assumptions made for estimating RSSI in [4], the simulation parameters can be chosen as those given in Table 2. 

	 Parameter
	Value

	Measurement bandwidth
	Same as table 1

	L1 measurement period
	200 ms

	Measurement sampling rate
	5 samples per L1 period

	L3 filtering
	Disabled

	Number of Tx antennas
	1

	Number of Rx antennas
	2 equal gain uncorrelated antennas

	Propagation conditions
	Same as table 1


Table 2 – RSRP Estimation Simulation Parameters

UE Rx-Tx Estimation Simulation Parameters:

Based on several previous RAN4 discussions, the UE Rx-TX simulation assumptions can be summarized in table 3. 

	Parameter
	Value

	Measurement bandwidth
	Same as table 1

	L1 measurement period
	200 ms

	Measurement sampling rate
	5 samples per L1 period

	L3 filtering
	Disabled

	Number of Tx antennas
	1

	Number of Rx antennas
	2 equal gain uncorrelated antennas

	Propagation conditions
	Same as table 1


Table 3 – UE Rx-Tx Estimation Simulation Parameters

E-NodeB Rx-Tx Estimation Simulation Parameters:
The eNodeB Rx-Tx difference will be assumed to the real measurement value for simulation simplicity. In practice, since the UE Rx-Tx estimation error is much larger than the corresponding eNode error, the TA error magnitude is primarily determined by the former error. 
AoA Estimation Simulation Parameters:
TBD.
RSTD Estimation Simulation Parameters:

OTDOA RSTD accuracy has been studied exhaustively in RAN4 meetings [5]-[7]. These studies assume a three cell model (serving cell plus two neighbouring cells). The effect of other neighbours is treated as Gaussian noise. Different cell ID combinations have been considered to model both overlapping and non-overlapping PRS patterns. The simulation parameters for this scenario are based one of the previous studies [7] and are given in table 4.

	Parameter
	Value

	Cell layout
	3 Cells at distinct locations as illustrated in Figure 1

	Cell ID set
	[0, 1, 2], [0, 6, 12]

	Network synchronization
	Synchronous (baseline), Asynchronous

	Cell timing offsets (in relation to cell 1 at the UE location)
	[0, 1/3*CP, 1/2*CP]  (CP=144*Ts)

	SINR set 
	[-6dB, -13dB, -13dB], [9.5dB, -13dB, -13dB]

	Duplex mode
	FDD

	Data and CCH load
	100%

	Cyclic prefix
	Normal

	DRX
	OFF

	Carrier frequency
	2GHz

	Channel bandwidth
	1.4MHz, 10MHz

	Channel models
	ETU

	UE speed
	3km/h

	Number of transmit antennas
	PRS
	1

	
	CRS
	1

	Number of receive antennas
	2

	Positioning subframes
	No presence of PDSCH in PRBs containing PRS

	Number of consecutive positioning subframes
	1, 6
non-coherent accumulation

	Number of positioning occasions for a positioning fix
	1

	PRS pattern
	6-reuse in frequency, 
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	PRS power boosting
	0dB

	PRS bandwidth
	Full carrier bandwidth


Table 4 – RSTD Estimation Simulation Parameters

4
Conclusion

This contribution proposes system and link level simulation parameters for RFPM positioning that are consistent with those used in previous RAN4 positioning studies. 
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