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1 Introduction

In [1] and [2], the simulation methodology for RF pattern matching (RFPM) has been proposed including network topology, error model and simulation structure.  Based on these simulation assumptions the results of performance comparison between e-CID and RFPM were provided in terms of Cramer-Rao bounds. In the last RAN4 meeting, the progress of the SI was introduced and the open issues on RFPM topic are listed in [3] as,

· Agree to simulation structure

· Agree to simulation parameters

· Conduct and compare simulations

· Agree to Conclusions

In this contribution, the simulation structure, network topology and simulation parameters are analyzed from our perspective, and then the corresponding simulation results are provided for evaluation.
2 Discussion
2.1  Network topology
The 19 (sites) * 3 (sectors) topology is used in RFPM simulation, and the evaluation area is covered by the 3 center sectors where UEs are uniformly dropped. For inter-RAT measurement, the topology can also be reused as explained in [1]. In order for easily understanding, we update the network topology as follows,
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Figure 1 Updated network topology 
The site indexes are illustrated in the Fig.1, and the bound of sectors is denoted by the dash line. The center green hexagon is the evaluation area which has three sectors/cells. The PCI of each cell is randomly assigned in the simulation.

2.2  Location methods to be simulated

Besides the methods in [1], the OTDOA method shall be also evaluated for comparison. From TS36.214[4], reference signal time difference (RSTD) between the neighbour cell j and the reference cell i, defined as TSubframeRxj – TSubframeRxi, where: TSubframeRxj is the time when the UE receives the start of one subframe from cell j. TSubframeRxi is the time when the UE receives the corresponding start of one subframe from cell i that is closest in time to the subframe received from cell j. For obtaining the geographic location of UE, at least three sites shall be included in the positioning calculation. Thus it can be described as,
· OTDOA (RSTD):  In this method, UE measures the relative timing difference between the neighbour cell and reference cell, which can be used to estimate the distance difference (DUEtoNeighbourCell - DUEtoReferenceCell).  Based on at least two RSTD samples of at least three sites, two sets of hyperbolas will be obtained for UE location estimation.
2.3  Error model

2.3.1 e-CID model
According to the analysis in [1] (the formula of dTA shall be revised as 
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is the variance of TA, which is related the measurement bandwidth according to TS36.133[5].
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is distance of UE from serving cell. xHS = [xHS1, xHS2] is the location of UE and xCELL = [xCELL1, xCELL2] is the location of serving cell. Pe-CID is the Cramer-Rao covariance bound matrix. α is a parameter controlling the density of users inside the sector. In our simulation, α=1 and 3 are both evaluated.
2.3.2 RSTD error model
For OTDOA method, at least 3 sites shall be included in the positioning, which means at least 2 RSTD measurement results shall be estimated.  Assumed that the reference location of cell i and cell j is 
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, the RSTD can be calculated as,
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is the distance of UE from cell i. c is the speed of light. In this simulation, we assume that serving cell is the reference cell for RSTD estimation. 
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In [6], the number of cell sites being 3, 4 or 5 is evaluated in the simulator, and here we can use 4 sites as a typical value in our simulation. Therefore, 3 RSTD estimations based on 4 sites can be obtained, that is, the Fisher information matrix is decomposed into three parts, 
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is the variance of RSTD, which is related the measurement bandwidth according to TS36.133. From the above matrix, the location error can be deduced as,
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and x is the angle of UE from cell  x (
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). Cell i is the reference cell for RSTD estimation.
2.3.3 RFPM error model
According to the analysis in [1] (the formula of dTA shall be revised as 
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) , regarding that the serving cell RSRP and RSTD from 4 sites are used in simulation, the Fisher information matrix can be obtained as,
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RSCP represents the measurement error and MDL represents the modelling error.HS is the angle to the UE, and CELL is the angle of the cell main lobe direction. Angles here are all anticlockwise from the x-axis.
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 is the Fisher information matrix of RSTD.
From the above matrix, the location error can be deduced as,
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 Cramer-Rao covariance bound matrix of RFPM.
2.4  Simulation parameters
2.4.1 RSRP measurement error
The RSRP measurement error is defined in the RSRP accuracy requirement of [5], as shown in the following table. For our simulation, the (8 dB measurement error is assumed.

Table 1. RSRP Intra frequency absolute accuracy
	Parameter
	Unit
	Accuracy [dB]
	Conditions1

	
	
	Normal condition
	Extreme condition
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40, 42, 43
	Bands 2, 5, 7
	Band 25
	Bands 3, 8, 12, 13, 14, 17, 20
	Bands 9, 41

	
	
	
	
	Io
	Io
	Io
	Io
	Io

	RSRP for Ês/Iot ( -6 dB
	dBm
	(6
	(9
	-121dBm/15kHz … -50dBm/ BWChannel
	-119dBm/15kHz … -50dBm/ BWChannel
	-117.5dBm/15kHz … -50dBm/ BWChannel
	-118dBm/15kHz … -50dBm/ BWChannel
	-120dBm/15kHz … -50dBm/ BWChannel

	RSRP for Ês/Iot ( -6 dB
	dBm
	(8
	(11
	-70dBm/15kHz … -50dBm/ BWChannel
	-70dBm/15kHz … -50dBm/ BWChannel
	-70dBm/15kHz … -50dBm/ BWChannel
	-70dBm/15kHz … -50dBm/ BWChannel
	-70dBm/15kHz … -50dBm/ BWChannel

	Note 1:
Io is assumed to have constant EPRE across the bandwidth. 


2.4.2 Measurement Bandwidth
In [5], measurement accuracy is tightly correlated with measurement bandwidth, e.g. UE Rx-Tx measurement accuracy, RSTD measurement accuracy etc. In this simulation, the measurement bandwidth shall also be defined or aligned for comparison. Regarding LTE systems, 1.4MHz as the typical small bandwidth and 10MHz as the typical big bandwidth are used for the simulation. The variance of measurement results shall be set based on the measurement bandwidth.
2.4.3 TA variance
TA is derived from eNB Rx-Tx and UE Rx-Tx. In [5], the UE Rx-Tx measurement accuracy requirement is specified as Table 2.

Regarding different bandwidth types, TA variances can be divided into two sets: big measurement bandwidth (about (98m)2) and small measurement bandwidth (about (196m)2), and it is suggested that the simulation assumption shall be aligned with the existing requirements in specifications. Here the eNB Rx-Tx time difference is not considered for TA variance as eNB Rx-Tx is much more accurate than the UE side. However it can also be TBD for deciding whether the eNB Rx-Tx shall be taken into account for the TA variance.
Table 2. UE Rx – Tx time difference measurement accuracy
	Parameter
	 Downlink Bandwidth
[MHz]
	Unit
	 Accuracy [Ts]
	Conditions

	
	
	
	
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40, 42, 43
	Bands 2, 5, 7
	Bands 25
	Bands 3, 8, 12, 13, 14, 17, 20
	Bands 9, 41

	
	
	
	
	Io
	Io
	Io
	Io
	Io

	 UE RX-TX time difference for Ês/Iot ≥ -3dB
	≤ 3 MHz
	Ts
	±20
	-121dBm/15kHz … -50dBm/ BWChannel
	-119dBm/15kHz … -50dBm/ BWChannel
	-117.5dBm/15kHz … -50dBm/ BWChannel
	-118dBm/15kHz … -50dBm/ BWChannel
	-120dBm/15kHz … -50dBm/ BWChannel

	
	≥ 5 MHz
	
	±10
	
	
	
	
	

	Note 1:
Io is assumed to have constant EPRE across the bandwidth. 

Note 2:
Ts is the basic timing unit defined in TS 36.211.


2.4.4 RSTD variance
The RSTD variance can be derived from the requirements in [5]. Similar to the TA variances, it is also tightly correlated with measurement bandwidth. In addition, the RSTD is measured from at least two cells, and the frequencies of these cells may be different. Thus the RSTD requirements are also correlated with ‘inter-frequency’ and ‘intra-frequency’ cases. For alignment of simulation assumption, the intra-frequency RSTD requirement is used to obtain RSTD variance, as shown in following table,
Table 3. RSTD measurement accuracy
	Parameter
	Minimum PRS transmission

bandwidth between the reference cell and the measured neighbour cell
[RB]
	Minimum number

of

available measurement subframes between the reference cell and the measured neighbour cell
	Unit
	Accuracy   [Ts]
	Conditions

	
	
	
	
	
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40, 42, 43
	Bands 2, 5, 7
	Band 25
	Bands

3, 8, 12, 13, 14, 17, 20
	Bands

9, 41

	
	
	
	
	
	Io
	Io
	Io
	Io
	Io

	RSTD for (PRS Ês/Iot)ref ≥ -6dB and  (PRS Ês/Iot)i ≥ -13dB
	(6
	6
	Ts
	±15
	-121dBm /15kHz
…
-50dBm/ BWChannel
	-119dBm /15kHz
…
-50dBm/ BWChannel
	-117.5dBm /15kHz
…
-50dBm/ BWChannel
	-118dBm /15kHz
…
-50dBm/ BWChannel
	-120dBm /15kHz
…
-50dBm/ BWChannel

	
	(25
	≥2
	
	±6
	
	
	
	
	

	
	(50
	≥1
	
	±5
	
	
	
	
	

	Note 1:
Io is assumed to have constant EPRE across the bandwidth. 

Note 2:
Ts is the basic timing unit defined in TS 36.211 [16].


For 1.4MHz bandwidth the RSTD variance is (15Ts)2, and for 10MHz the RSTD variance is (5Ts)2.
2.4.5 Number of sites for OTDOA

In [6], the number of sites equal to 3, 4 and 5 are simulated, and it is evident that at least 3 sites are needed to complete OTDOA positioning. Thus, in our understanding here, it can be assumed that the OTDOA Cramer-Rao bound is calculated based on 4 sites for simulation alignment. 
2.5  Simulation results 
According to the analysis above and the existing simulation parameters in [1], we update the simulation input parameters for urban and suburban environment, and the simulation results are obtained as follows. 
Note: here we align the parameters name with [1], and the highlighted parameters with red are different from [2].
Table 4. Input parameters for simulation
	Case type
	Urban environment
	Suburban environment

	measurement bandwidth
	10 MHz
	10 MHz

	cellsPerTower
	3
	3

	towerSpacing
	500 m
	1732 m

	gamma
	3.76
	3.76

	beamWidth
	120 degree
	120 degree

	dRef
	100 m
	100 m

	fbr
	30 dB
	30 dB

	indoorLoss
	10 dB
	10 dB

	centerLoc
	[0,0]
	[0,0]

	Azimuth
	0
	0

	rsrpRef
	-80.5 dBm
	-80.5 dBm

	noisePerTone
	-126 dBm/Hz
	-126 dBm/Hz

	loadingFactor
	0.5
	0.5

	decodeThreshold
	-6 dB
	-6 dB

	freqReuse
	6
	6

	sigRsrp
	8 dB
	8 dB

	sigMdl
	6 dB
	6 dB

	sigTA
	98 m
	98 m

	sigRSTD
	5Ts
	5Ts

	numRSTDsites
	4
	4

	sampleSpacing
	10 m
	10 m

	sampleDistThresh
	35 m
	35 m

	numTrials
	10
	10


According to the input parameters, the simulation results are obtained as follows,

Table 5. Simulation results comparison
	Urban Environment: 500 m ISD (α=1)
	Suburban environment: 1732 m ISD (α=1)
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	Urban Environment: 500 m ISD (α=3)
	Suburban environment: 1732 m ISD (α=3)
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	Note:α is a parameter controlling the density of users inside the sector.


From the above simulation results, some observation can be drawn as,

Observation1: The Cramer-Rao bound of RFPM method is related with the number of measurement elements (e.g. RSRP, RSTD, TA etc.) and the error of each measurement element.
Observation2: As the Cramer-Rao bound of OTDOA is only related with the angle differences of UE from positioning sites, the OTDOA positioning performance are almost same for ISD=500m and ISD=1732m.

Observation3: The performance of eCID is greatly impacted by the change of α. 

Observation4: RFPM outperforms the other two methods in terms of Cramer-Rao bound, if it includes the measurements elements of the other two methods; and the performance of RFPM is close to the OTDOA.
2.6  Other simulation suggestions
According to the e-meeting discussion of RFPM simulation, the mathematic method of deducing Cramer-Rao for different positioning schemes is a kind of comparison methods. Another simulation option for comparison is using the real simulation method, e.g. the measurement error is obtained from the link level simulator other than mathematic variance, and the location error is obtained from the simulated distance difference between estimated UE location and ideal UE location. Although the positioning accuracy may be different because of the implementation algorithms from different companies, we can make the algorithms aligned for results comparison, e.g. the time domain correlator shall be adopted for first tap estimation in the simulation. 
From Huawei side, we think the real simulation procedure can approach the real positioning performance better than mathematic method, and maybe another simulation results can be provided in the real simulation way for further discussion. In addition, RAN4 used to perform real simulation for schemes comparison rather than mathematic deducing. Thus besides comparison results in terms of mathematic bounds, the real simulation methods are also preferred for positioning schemes comparison from our perspective
3 Conclusion
This contribution provides a discussion of the RFPM positioning simulation, and from our simulation results some observations can be obtained as,

Observation1: The Cramer-Rao bound of RFPM method is related with the number of measurement elements (e.g. RSRP, RSTD, TA etc.) and the error of each measurement element.

Observation2: As the Cramer-Rao bound of OTDOA is only related with the angle differences of UE from positioning sites, the OTDOA positioning performance are almost same for ISD=500m and ISD=1732m.

Observation3: The performance of eCID is greatly impacted by the change of α. 

Observation4: RFPM outperforms the other two methods in terms of Cramer-Rao bound, if it includes the measurements elements of the other two methods; and the performance of RFPM is close to the OTDOA.
Moreover, some conclusions are derived from the above discussions, 
Proposal 1: Current parameters for comparison simulation in [2] shall be updated as discussed in above sections. 
Proposal 2: Besides comparison results in terms of mathematic bounds, the real simulation methods are also preferred for positioning schemes comparison.
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