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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

1
Scope

The present document …
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3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [x] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [x].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [x] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [x].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

4
General description of RF pattern matching
5
LTE architecture for RF Pattern Matching
6
Simulation Methodology
6.1
Overview
The goal of the study is to evaluate the RFPM positioning performance and compare to what can be achieved with the standardized positioning methods.
In order to compare the performance of RFPM and other positioning schemes, the system + link level simulations are needed. The simulation approach is as illustrated in Figure 6.1-1,








Figure 6.1-1: Comparison simulation structure.

Link-level simulations are intended for obtaining realistic RSRP estimations, realistic RSTD estimations and realistic UE Rx-Tx estimations. These estimates are used as input to different positioning method functions, such as ECID and RFPM etc., to calculate the UE location. Positioning error statistics is collected for different UEs and obtained from the comparison of the position estimate to the real position.  

6.2
Network topology
6.3
Location methods to be simulated
RFPM performance is to be compared with the following positioning methods:

· Single-cell E-CID

· Multi-cell E-CID (baseline reference case for comparison)

· OTDOA

The measurements are as specified in TS 36.214 [5]. 

All uplink measurements are performed based on SRS specified in TS 36.211 [2].

AoA measurement is performed with averaging across the measurement bandwidth, without accumulating during time.

RSTD measurements are performed based on PRS.

Hybrid positioning is not precluded.

6.3.1
Single-Cell E-CID

The following measurements are used: CID, TA, AoA. The UE location is determined in the AoA estimate direction at a distance determined by the TA estimate.

6.3.2
Multi-Cell E-CID

The AECID positioning method [6] has been proposed in the WF [5] as one candidate for representing the multi-cell E-CID category. The AECID method works by constructing a mapping between quantized UE and E-UTRAN measurements and high-precision location estimates.  

6.3.3
OTDOA

UE performs RSTD measurements defined in 36.214 [4]. These measurements are used to calculate the distance of the handset.  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.  
6.3.4
RFPM

The following measurements may be used: Timing Advance (PCell), AoA (PCell), RSRP, RSRQ, and RSTD. This simulation will use the maximum likelihood method for deriving the location estimate. The position estimation approach for RSRP, RSTD and TA measurements is as in Annex A.

6.4
Error models
6.4.1
Enhanced Cell ID Error model
6.4.2
RFPM Error model
6.5
Simulation structure
6.5.1
 System-Level Simulation Parameters

The system-level simulation parameters are summarized in Table 6.5.1-1, most of which are based on [7].

Editor’s note: The simulation parameters in this section are working assumptions, may be revisited depending on the results.

Table 6.5.1-1: Summary of system-level simulation parameters
	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 [3])

	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
	10 MHz

	eNode B power
	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

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

	Network synchronization
	Synchronous (baseline), Asynchronous

	Cyclic prefix
	Normal

	Number of eNodeB transmit antennas
	2

	Number of CRS antenna ports
	1

	 Number of PRS antenna ports
	1

	PRS and positioning subframe configuration
	As defined in TS 36.211 [2]. Used for RSTD measurements. No data transmitted during these positioning subframes

	Number of UE transmit antennas
	1

	Number of UE receive antennas
	2

	Number of eNodeB receive antennas
	2

	Traffic load in non-positioning subframes
	Full load







6.5.2
 Link-Level Simulation Parameters

The parameters that are common for system- and link-level simulations are as in Table 6.5.1-1. Measurement-specific parameters are as specified further below.

Editor’s note: The simulation parameters in this section are working assumptions, may be revisited depending on the results.

6.5.2.1 
RSRP

The RSRP link-level simulation parameters are summarized in Table 6.5.2.1-1 

Table 6.5.2.1-1: Link-level simulation parameters for RSRP

	Parameter
	Value

	Measurement bandwidth
	Same as Table 6.5.1-1

	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 6.5.1-1

	Participator cell number
	Cells whose CRS SINR at the UE is above or equal to -6 dB


6.5.2.2 
UE Rx-Tx

The UE Rx-Tx link-level simulation parameters are summarized in Table 6.5.2.2.-1.

Table 6.5.2.2-1: Link-level simulation parameters for UE Rx-Tx

	Parameter
	Value

	Measurement bandwidth
	Same as Table 6.5.1-1

	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 6.5.1-1

	Participator cell number
	Cells whose CRS SINR at the UE is above or equal to [TBD] dB


6.5.2.3
E-NodeB Rx-Tx
It may be assumed that the eNodeB Rx-Tx timing difference error is primarily determined by UE Rx-Tx error. 
6.5.2.4
AoA

Sounding estimation error: 1/(Geometry+3dB). The link-level assumptions are as in [8].
6.5.2.5
RSTD

Link-level simulation assumptions for RSTD are as in Table 6.5.2.5-1.

Table 6.5.2.5-1: Link-level simulation parameters for RSTD

	Parameter
	Value

	Number of consecutive positioning subframes
	6, coherent accumulation

	PRS pattern
	6-reuse in frequency, 
[image: image3.wmf]mod(PCI,6)
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	PRS power boosting
	0dB

	Participator cell number
	Cells whose PRS SINR at the UE is above -13 dB

	Reference cell
	Same as serving cell


6.5.3
Propagation models
7
Simulation results

8
Impact to the E-UTRA specifications
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Conclusions
Annex A: RFPM Location Estimation Algorithm

Assume that we have a predicted database of RSRP, RSTD, and TA measurements for a 2 dimensional set of locations (pixels). Given a measurement vector, we will compute the following expression for each pixel:


[image: image4.wmf]2

2

2

2

2

2

||

_

_

||

||

_

_

_

_

||

||

_

_

_

_

||

ta

rstd

rsrp

pred

ta

meas

ta

vec

pred

rstd

vec

meas

rstd

vec

pred

rsrp

vec

meas

rsrp

s

s

s

-

+

-

+

-


The denominators in the above expression denote measurement error variances and can be computed from the measurement error samples observed during link level simulations. The RFPM location estimate is then the location of the pixel that minimizes the above expression.
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