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Introduction

At RAN1#80bis, the scenarios and methodology for evaluating the performance of Terrestrial Beacon Systems (TBS) were agreed [1]. Two types of TBS options were included: TBS Option #1 and TBS Option #2. This submission refers to TBS Option #2 as the Metropolitan Beacon System (MBS) [2]. 
The configuration parameters and simulation assumptions for MBS were agreed at RAN1#81 and a set of simulation results for MBS generated using a generic receiver implementation, referred to as “rx1” was captured in [1]. 
This contribution includes simulation results for MBS generated using a receiver with advanced signal processing capability for ranging, referred to as “rx2”. The horizontal and vertical accuracy of the system is quantified for the simulation scenarios agreed in [1]. 
The revision simplifies the evaluation result tables and minor editorial changes.  In addition, it addresses the comment received online regarding rx1 and rx2.
MBS Simulation Results

Simulation results are shown for the standalone TBS scenario described in in Table 7.2.1.1-1 of [1], the baseline case using a carrier frequency of 2 GHz, and perfect network synchronization. Note the TX power level and the antenna gain for this case is 46 dBm and 5 dBi respectively. 

The simulation results for horizontal position error for the baseline case are captured in Figure 1, Table 1 and Table 2. 
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Figure 1: Horizontal position error for MBS, baseline scenario
	%tile
	2 MHz (meters)
	5 MHz (meters)
	10 MHz (meters)

	40
	14
	5
	2

	50
	15
	6
	3

	70
	20
	9
	4

	80
	23
	10
	5

	90
	29
	12
	6


Table 1: Horizontal accuracy for MBS baseline case at various CDF percentiles

	2MHz
	5MHz
	10MHz

	99%
	100%
	100%


Table 2: CDF percentiles for 50m horizontal positioning error

Vertical accuracy results for this scenario are shown in Figure 2 and Table 3. These results are in-line with expectations as positioning in the vertical domain is a challenge for all radio based positioning techniques.
[image: image2.emf]0 50 100 150 200 250 300 350 400

0

10

20

30

40

50

60

70

80

90

100

MBS Vertical Accuracy, Baseline Scenario

CDF

Vertical position error (m)

 

 

10MHz

2MHz

5MHz


Figure 2: Vertical accuracy for MBS baseline
	%tile
	2 MHz (m)
	5 MHz (m)
	10 MHz (m)

	40
	34
	28
	20

	50
	40
	34
	26

	70
	70
	53
	44

	80
	104
	75
	63

	90
	147
	107
	76


Table 3: Vertical accuracy for MBS baseline at various CDF percentiles
In addition, simulation results are also included for the 923 MHz carrier case outlined in Table 7.2.1.1-1 of [1]. Note the TX power level and antenna gain for this case are 43 dBm and 0 dBi respectively for the 2MHz and 5MHz parameter configurations, as appropriate for the M-LMS band, and 30 dBm and 6 dBi respectively for the 10 MHz parameter configuration, as appropriate for the ISM 915 MHz band, and consistent with the parameter values in [1]. 

The TX timing error model is according to Table 7.2.1.1-1 of [1] where T1 = 5ns [3]. 

The simulation results for the horizontal position error for the 923 MHz case are captured in Figure 3, Table 4 and Table 5. 
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Figure 3: MBS performance for 923 MHz, T1=5ns case
	%tile
	2 MHz (meters)
	5 MHz (meters)
	10 MHz (meters)

	40
	13
	5
	3

	50
	15
	6
	3

	70
	19
	8
	4

	80
	24
	9
	5

	90
	29
	12
	7


Table 4: Horizontal accuracy for MBS 923MHz, T1=5ns case at various percentiles

	2MHz
	5MHz
	10MHz

	99%
	100%
	100%


Table 5: CDF percentiles for 50m horizontal positioning error

Vertical accuracy results for this scenario are shown in Figure 4 and Table 6. Again, as expected, vertical accuracy is worse than horizontal accuracy.
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Figure 4: Vertical accuracy for MBS for 923MHz, T1=5ns case
	%tile
	2 MHz (m)
	5 MHz (m)
	10 MHz (m)

	40
	33
	28
	21

	50
	40
	33
	28

	70
	68
	55
	46

	80
	92
	77
	60

	90
	136
	102
	78


Table 6: Vertical accuracy for MBS 923 MHz, T1=5ns case at various CDF percentiles
Conclusions
The MBS (TBS Option 2) instantiation of Terrestrial Beacon Systems has been shown to meet the FCC Wireless E911 location accuracy requirements, including a horizontal position error of less than 50 meters at the 80th percentile. In addition, the MBS system facilitates high precision position location in the horizontal dimension, as a result of its design and signal characteristics, and its highly synchronized beacons, with precisely surveyed coordinates. 

Complementary technologies to MBS, such as those based on barometric pressure sensors, are recommended for enhanced vertical position accuracy. Both the horizontal performance and vertical performance for TBS Option #2 (Metropolitan Beacon System) and barometric pressure sensors have been validated under real-world testing performed by the FCC CSRIC working group [4].  
Proposal 1: Update the results on TBS Option #2 in TR 37.857 to reflect this submission based on the TP in Annex A. 
Proposal 2: Include TBS Option #2 in the TR 37.857 study item recommendations. 

Proposal 3: Update TR 37.857 to include a reference to the real-world test results in [4].
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7.2.1.2
TBS configuration parameters

For evaluating TBS performance, configuration parameters are defined below for indoor environments:

7.2.1.2-1 TBS Configuration Parameters
	Parameter
	Macro Cell
	TBS OPTION 1
	TBS OPTION 2

	System bandwidth
	10 MHz
	10 MHz
	Note 1

	Cell planning
	No PCI planning
	

	Network synchronization
	Synchronous

	Duplex modes
	FDD
	NA
	

	Cyclic prefix
	Normal
	

	DRX
	Off
	NA
	

	Number of antenna ports
	PRS
	1 (antenna port 6)
	

	
	CRS
	2
	

	Number of receive antennas
	2
	

	Number of consecutive positioning subframes in one occasion (Nprs)
	1 and 6
	1, 6, and all subframes with PRS
	

	PRS periodicity
	160 ms
	160 ms in case of 
Nprs = 1 and 6
	

	PRS bandwidth
	Full system bandwidth
	

	Measurement bandwidth
	Full system bandwidth
	

	PRS muting
	PRS muting pattern indicated by individual companies, if used
	

	PRS Power boosting 
	10log6 dB
	

	PDSCH transmission
	No PDSCH transmission in PRS transmission occasions
	NA
	

	RSTD report quantization
	Modelled as in TS 36.133 section 9.1.10.3 [8]
	

	Other TBS Parameters
	N/A
	

	Note 1: For TBS Option 2, the parameters are according to Table 7.2.1.2-2 TBS Option 2 Configuration Parameters [24].




Table 7.2.1.2-2: TBS Option 2 Configuration Parameters

	TBS Option 2
	Mode of operation
	(T 

(sec)
	Frequency Offset (Hz)
	Set of PRN codes
	Slot allocation

	Config 1
	m=2, n=1 

(2MHz)
	2
	0


	Allocated sequentially from the set of codes in Table 3 of [24].
	According to the beacon number, modulo 10*(T.

	Config 2
	m=5, n=2 

(5MHz)


	2
	0
	Allocated sequentially from the set of codes in Table 4 of [24].
	According to the beacon number, modulo 10*(T.

	Config 3
	m=10, n=8 (10MHz)
	2
	0
	Allocated sequentially from the set of codes in Table 5 of [24].
	According to the beacon number, modulo 10*(T.


7.2.1.3
TBS simulation results

Below are the baseline TBS simulation results [21]

 REF _Ref420463701 \r \h 
[22][35].

Table 7.2.1.3-1: TBS Option 1/TBS Option 2 horizontal positioning error [m]

	Company
	40%
	50%
	70%
	80%
	90%

	Qualcomm Inc. (TBS Option 1)
	22
	27
	38
	44
	57

	NextNav (TBS Option 2 with rx1 Config 3)[1]
	19
	22
	28
	34
	41

	NextNav 

(TBS Option 2 with rx2[1]) (Config1/Config2/Config3)
	14/5/2
	15/6/3
	20/9/4
	23/10/5
	29/12/6


NOTE 1: rx1 is a generic receiver and rx2 has receiver with advanced signal processing capability for ranging.

Below are TBS Option #2 simulation results for the additional scenarios (center frequency of 923 MHz and T1=5ns) and configurations described in 7.2.1.2-2. 
Table 7.2.1.3-2: TBS Option 2 horizontal positioning error [m]

	Company
	40%
	50%
	70%
	80%
	90%

	NextNav 

(Config1/Config2/Config3)
	13/5/3
	15/6/3
	19/8/4
	24/9/5
	29/12/7


Below are the baseline TBS simulation results with for vertical positioning error.
Table 7.2.1.3-3: TBS vertical positioning error [m]

	Company
	40%
	50%
	70%
	80%
	90%

	Qualcomm Inc. (TBS Option 1)
	67
	82
	126
	160
	220

	NextNav (TBS Option 2)
	20
	26
	44
	63
	76


7.2.1.4
Summary for 50m Horizontal Error
Table 7.2.1.5-1: TBS CDF percentiles for 50m horizontal positioning error [%]

	Scenario
	Qualcomm, Inc.
(TBS Option 1)
	NextNav 

(TBS Option 2)

	Baseline 10MHz, no synch error
	86%
	96%

	Center Freq=923MHz, T1=5ns, Config1
	-
	99%

	Center Freq=923MHz, T1=5ns, Config2
	-
	100%

	Center Freq=923MHz, T1=5ns, Config3
	-
	100%


7.2.1.5
Observations and Summary 
The simulation results for TBS show that horizontal positioning accuracy for indoor positioning can be achieved within the 50 meter threshold, with a significant margin for TBS Option #2. Complementary technologies to TBS, such as barometric pressure sensors should be used for enhanced vertical position accuracy. Both the horizontal performance and vertical performance for TBS Option #2 (Metropolitan Beacon System) and barometric pressure sensors have been validated under real-world testing performed by the FCC CSRIC working group [36].
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