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4
General description of RF pattern matching
Radio Frequency Pattern Matching (RFPM) sometimes referred to as RF fingerprinting, is a general class of positioning techniques by which a set of RF measurements,  made either by the UE or the eNB, is compared against a predicted set of values in order to estimate the UE location.  Typical types of RF measurements include signal strength measurements and timing measurements.  In LTE, the signal strength measurements would correspond to Referenced Signal Received Power (RSRP) while the timing measurements may correspond to the Timing Advance measurement. A straightforward estimator, such as maximum likelihood, can be employed the measurements against the predictions.
The RFPM database could be constructed in several different ways.  Figure 4.1 shows an approach by which the network is divided into equal grid squares and whereby each grid square has a corresponding set of predicted signal strengths for each physical ID in the network.
[image: image1.png]Predicted Signal Strengths.
For 8 Single Grid Square:

PID  RSRP
02 89
03 %
20 n




Figure 4.1: Example prediction database
It may not be immediately apparent how location information is embedded in a signal strength measurement.  This is clarified in Figure 4.2 which depicts two cases.  In the first case, Figure 4.2(a), measurements from two omni-directional cells of different towers is presented.  For each cell, the contours of constant signal strength are circles, and the contour of constant signal strength differences (RSSI1 - RSSI2) is a hyperbola with the two cell towers as the foci.  This is the same kind of relative range information that would be obtained from two time-of-arrival sensors at the two cell towers.

In the second case, Figure 4.2(b), two cells located on the same tower is presented. Here, the contours of constant power repeat the shape of the antenna pattern, and the contour of constant signal strength differences (RSSI1 - RSSI2) is a radial from the tower.  This is similar to the kind of azimuth information that would be obtained from an angle-of-arrival sensor at the cell tower.

Of course, the introduction of terrain and clutter effects into the cell signal strength maps will change these hyperbolas and radials into more complex shapes, but the concept remains the same.  In addition, the presence of measurement errors and modeling errors will introduce a band of uncertainty around these curves, as with all location technologies.
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Figure 4.2  Signal Strength Location Modes

Thus, signal strength location information combines both the relative range, or lateral, information that could be obtained from TDOA measurements and the azimuth, or radial, information that could be obtained from AOA measurements.  Figure 4.3 illustrates the radial and lateral modes of location.  If signal strength measurements for sectors B and C appear in a measurement report, they provide information about the radial position of the handset with respect to site 1.  If signal strength measurements for sectors B and D appear in the measurement report, they provide information on the lateral position of the handset with respect to sites 1 and 2.  It is also true that by increasing the number of measurements from different sectors the location geometry and hence the location accuracy will also improve, which is one of the primary motivating factors of this study item – that is how to improve the number of available measurements for RFPM.
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Figure 4.3  Information Modes in Signal Strength Location Engine

5
LTE architecture for RF Pattern Matching
Implementation of RF pattern matching does not change the fundamental location architecture as described in TS 3GPP 36.305[9].  The E-SMLC remains the control plane positioning entity, and positioning protocols LPP and LPPa would facilitate gathering the needed information to perform a location estimate. 
<Next Section>
7
Simulation results

Table 7.1 provides a company averaged simulation results for the baseline, reduced interference subframe, GSM inter-RAT, and combined reduced interference subframe and GSM inter-RAT scenarios.
Table 1: Company average simulation results

	Scenario
	Urban
	Suburban

	
	95th Percentile (meters)
	67th Percentile (meters)
	67th Percentile (meters)
	95th Percentile (meters)

	Baseline
	
	
	
	

	Reduced Interference Subframe
	
	
	
	

	GSM Inter-RAT
	
	
	
	

	Reduced Interference Subframe and GSM Inter-RAT
	
	
	
	


8
Impact to the E-UTRA specifications

Nominally, RFPM is currently supported in the standards using some combinations of the ECID positioning method defined in 3GPP TS 36.455 [10] and 3GPP TS 36.355 [11].  However, two key changes have been evaluated in this study that, if implemented, would impact several specifications.  These include:

(1) Signal strength measurements during reduced interference subframes
(2) Inclusion of Inter Radio Access Technology measurements (GSM specifically)

There are several approaches that can be used to support item (1) each with different impacts to the specifications.  However, all of options proposed here leverage the low interference nature of the Positioning Reference Signal (PRS) subframe.

The first approach is to define a new signal strength measure against the Positioning Reference Signals themselves.  Such a measurement could be called Positioning Reference Signal Received Power (PRSRP).  This approach would impact several standards requiring the addition of the new measurement in 3GPP TS 36.214 [12] and corresponding requirements for the measurement in 3GPP TS 36.133[13].  It would also require some protocol changes to either the ECID or OTDOA positioning method defined TS 36.355 [11] and 36.455[10] along with an update to the stage 2 positioning specifications in 3GPP TS 36.305[9].

An alternate approach is to define procedures such that the UE makes signal strength measurements against CRS  (RSRP) during a PRS subframe.  This avoids defining a brand new measurement.  Specification impacts include 3GPP TS 36.355 as RSRP needs to be incorporated in the OTDOA positioning method or assistance data needs to be added to support ECID positioning.  In addition an update would be required to the stage 2 specifications 3GPP TS 36.305[9].

A third approach is to use the existing time domain measurement restrictions to force the handset to measure during the PRS subframes.  This can be accomplished through changes to 3GPP TS 36.455 whereby some flag (or assistance data)  in the ECID positioning method instructs the eNB to use time domain measurement restrictions to force the UE to measure during these time periods.  This impacts both the stage 2 specification 3GPP TS 36.305[9] and the LPPa specification 3GPP TS 36.455[10].

The second change that has been evaluated (2) also has multiple implementations.  The inter-RAT measurements themselves could be optionally included in the ECID positioning method.  If this is done in LPPa there is only impact to 3GPP TS 36.455[10] and 3GPP TS 36.305[9].  If this is implemented in LPP there is a corresponding impact to the UE and changes are required in 3GPP TS 36.305[9], 3GPP TS 36.355[11], and possibly 3GPP TS 36.133[13].

<Next Section>
Annex A: RFPM Location Estimation Algorithm

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