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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 reference set of values in order to estimate the UE location, where the reference set of values may be based on predicted and/or collected measurements. 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 UE Rx-Tx measurement. By increasing the number of measurements of a good quality from different sectors the location accuracy will improve. Different methods exist for location estimation for RPFM and for obtaining reference measurements; these methods are typically implementation specific.

5
LTE architecture for RF Pattern Matching
Implementation of RF pattern matching may rely on the fundamental location architecture as described in TS 3GPP 36.305[9], where a positioning server is E-SMLC in the control plane or SLP in the user plane, and positioning protocols LPP and LPPa would facilitate gathering the needed information to perform a location estimate. 

<Next Section>
7
Simulation results and Observations
Simulation results are presented in this section for the following scenarios: 
· Scenario 1: (baseline): based on LTE measurements (RSRP and UE Rx-Tx) in full-load conditions, 
· Scenario 2: based on LTE measurements (RSRP and UE Rx-Tx) in reduced-interference subframes, 
· Scenario 3: based on LTE measurements (RSRP and UE Rx-Tx) in full-load conditions and GSM RSSI measurements, and 
· Scenario 4: based on LTE measurements (RSRP and UE Rx-Tx) in reduced-interference subframes and GSM RSSI measurements.
Editor Note: Scenarios of  UMTS CPICH RSCP measurements are TBD.
7.1
Urban 10 MHz Bandwidth Case 

Table 7.1.1 provides company averaged simulation results for the baseline (scenario 1), reduced interference subframe (scenario 2), GSM inter-RAT (scenario 3), and combined reduced interference subframe and GSM inter-RAT (scenario 4) for 10MHz bandwidth in an urban environment.  The results establish the improvements offered by both the studied enhancements, which, when combined reduce the overall 67th percentile error by 36%.  
T
able 7.1.1: Company average simulation results (Scenarios 1 and 2  based on results from 4 companies.  Scenarios 3 and 4 based on results from 3 companies)
	Scenario
	Urban (500 m ISD) 10 MHz

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

	S
cenario 1
	163
	337

	Scenario 2
	113
	275

	Scenario 3
	145
	333

	Scenario 4
	103
	261

	Note: scenario with UMTS CPICH RSCP measurement is TBD.


In addition to the company averaged results, more complete individual company results are plotted in Figures 7.1.1-7.1.4.  
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Figure 7.1.1: Ericsson,ST-Ericsson simulation results from R4-130636.  
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Figure 7.1.2: Huawei simulation results from R4-130636
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RFPM(CRS+TA): 192m (67%), 383m (95%)

RFPM(CRS+PRS+TA): 112m (67%), 264m (95%)

RFPM(CRS+GSM+TA): 153m (67%), 349m (95%)

RFPM(CRS+PRS+GSM+TA): 92m (67%), 219m (95%)


Figure 7.1.3: Alcatel-Lucent simulation results from R4-132371.
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  Baseline RFPM     (67% = 135m, 95% = 280m,

  RFPM in reduced interference subframe     (67% = 124m, 95% = 269m)

  Baseline RFPM + InterRAT    (67% = 117m, 95% = 243m)

  RFPM in reduced interference subframe + Inter-Rat  (67% = 104m, 95% = 234m)


Figure 7.1.4: Polaris Wireless simulation results from R4-132670
7.2
Urban 1.4 MHz Bandwidth Case 

One result for this case is in Figure 7.2.1.  The absolute performance is degraded due to the lower bandwidth, however, the relative improvements for each of the studied scenarios remains consistent with the 10 MHz scenario. Examining the 67th percentile error we see a decrease in the error of 39%, 20%, and 50% for scenarios 2, 3 and 4 respectively.
Table 7.2.1: Company average simulation results (Based on 1 company result)

	Scenario
	Urban (500 m ISD) 1.4 MHz

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

	Baseline  (Scenario 1)
	200
	383

	Reduced Interference Subframe (Scenario 2)
	122
	271

	GSM Inter-RAT (Scenario 3)
	160
	388

	Reduced Interference Subframe and GSM Inter-RAT (Scenario 4)
	100
	227

	 Note: scenario with UMTS CPICH RSCP measurement is TBD.
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RFPM(CRS+TA): 200m (67%), 383m (95%)

RFPM(CRS+PRS+TA): 122m (67%), 271m (95%)

RFPM(CRS+GSM+TA): 160m (67%), 358m (95%)

RFPM(CRS+PRS+GSM+TA): 100m (67%), 227m (95%)


Figure 7.2.1: Alcatel-Lucent simulation results from R4-132371 for low bandwidth, urban case.
7.3
Suburban 10 MHz Bandwidth Case 

One result for this case is presented in Figure 7.3.1 and summarized in Table 7.3.1.  The absolute performance is degraded due to the larger cell spacing, however, significant gains are observed in each of the studied scenarios. Examining the 67th percentile error we see a decrease in the error of 47%, 23%, and 54% for scenarios 2, 3 and 4 respectively.
Table 7.3.1: Company average simulation results (Based on 1 company result)

	Scenario
	Suburban (1732 m ISD) 10 MHz

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

	Baseline  (Scenario 1)
	715
	1379

	Reduced Interference Subframe (Scenario 2)
	379
	899

	GSM Inter-RAT (Scenario 3)
	551
	1312

	Reduced Interference Subframe and GSM Inter-RAT (Scenario 4)
	330
	832

	 Note: scenario with UMTS CPICH RSCP measurement is TBD.
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RFPM(CRS+TA): 715m (67%), 1379m (95%)

RFPM(CRS+PRS+TA): 375m (67%), 899m (95%)

RFPM(CRS+GSM+TA): 551m (67%), 1312m (95%)

RFPM(CRS+PRS+GSM+TA): 330m (67%), 832m (95%)


Figure 7.3.1: Alcatel-Lucent simulation results from R4-132371 for high bandwidth, suburban case.

7.4
Suburban 1.4 MHz Bandwidth Case 
One result is presented for this case in Figure 7.4.1 and summarized in Table 7.4.1.  The absolute performance is degraded due to the larger cell spacing and lower bandwidth, however, significant gains are observed in each of the studied scenarios. Examining the 67th percentile error we see a decrease in the error of 45%, 19%, and 51% for scenarios 2, 3 and 4 respectively.
Table 7.4.1: Company average simulation results (Based on 1 company result)

	Scenario
	Suburban (1732 m ISD) 1.4 MHz

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

	Baseline  (Scenario 1)
	731
	1409

	Reduced Interference Subframe (Scenario 2)
	403
	884

	GSM Inter-RAT (Scenario 3)
	592
	1326

	Reduced Interference Subframe and GSM Inter-RAT (Scenario 4)
	357
	818

	 Note: scenario with UMTS CPICH RSCP measurement is TBD.
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RFPM(CRS+TA): 731m (67%), 1409m (95%)

RFPM(CRS+PRS+TA): 403m (67%), 884m (95%)

RFPM(CRS+GSM+TA): 592m (67%), 1326m (95%)

RFPM(CRS+PRS+GSM+TA): 357m (67%), 818m (95%)


Figure 7.4.1: Alcatel-Lucent simulation results from R4-132371 for low bandwidth, suburban case.
7.5
Urban 10 MHz Bandwidth Case with 50 Meter Bins 

The last case studied examines the effects of changing the resolution of the underlying grid used to model the network. In this case, the resolution is changed from 10 meters to 50 meters for a 10 MHz bandwidth urban network.  The increased bin size yields a slightly degraded performance.  This result is perhaps expected due to the increased quantization error introduced by moving to larger grid spacing. However, the relative improvement offered by each studied enhancement holds.
Table 7.5.1: Company average simulation results (Based on 1 company result)

	Scenario
	Urban (500 m ISD) 10 MHz

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

	Baseline  (Scenario 1)
	211
	444

	Reduced Interference Subframe (Scenario 2)
	131
	403

	GSM Inter-RAT (Scenario 3)
	167
	407

	Reduced Interference Subframe and GSM Inter-RAT (Scenario 4)
	118
	381

	 Note: scenario with UMTS CPICH RSCP measurement is TBD.
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Figure 7.5.1: Huawei simulation results from R4-130636 for 50 meter grid
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Specification Impact
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A
nnex A: RFPM Location Estimation
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�Please update accordingly other tables


�We can add this section in the end. Perhaps with inter-RAT too? Let’s wait.
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