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1.  

Introduction
At RAN1#80bis meeting, the scenarios and initial simulation assumptions for evaluating the performance of Terrestrial Beacon Systems (TBS) were agreed [1].

In this contribution, we provide initial simulation results of a TBS-only scenario with TBS Signal Option 1 (PRS signals).
2. 

Terrestrial Beacon System (TBS)
A Terrestrial Beacon System (TBS) consists of a network of terrestrial beacons broadcasting signals for positioning purposes. They may use dedicated, unshared spectrum or spectrum shared with other users, including FDD and TDD licensed spectrum. 
The terrestrial beacon nodes can transmit PRS signals where needed to provide additional positioning coverage. The PRS nodes may be considered as "lite eNB’s" which transmit PRS signals only, or as Downlink Location Measurement Units (DL-LMUs) in the E-UTRA positioning architecture, as shown in Figure 1. The DL-LMUs require no connection/signalling to the core network and allow low-cost deployment and low operation and maintenance tasks. The DL-LMU retrieves the configuration parameters from OAM, e.g., PCI, RS information, etc.
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Figure 1: E-UTRAN Positioning Architecture with DL-LMUs.

The use of PRS signals for TBS offers several advantages. The PRS signal allows the use of various bandwidths and time duration configurations. Dependent on the available spectrum (or desired positioning accuracy) PRS can flexibly be configured in various signal bandwidths. Further, the periodicity of the PRS can be increased, up to the case of a time continuous PRS signal (e.g., if deployed in dedicated TBS spectrum). Existing OTDOA signalling can be used for providing TBS assistance data and reporting measurements. The signal measurements would be intra- and/or inter-frequency RSTD measurements and can be performed by the UE as usual (i.e., no new UE functionality would be required and all OTDOA capable UEs can measure DL-LMU signals (even legacy and already deployed UEs)).
In addition to the reference signals, it may also be advantageous to support a broadcast channel in the DL-LMU, e.g., PBCH to provide positioning SIB’s (e.g., broadcast of assistance data from DL-LMUs).

2.1  

Initial Evaluation Results

The current TBS evaluation assumptions are captured in the rapporteur’s update of TR 37.857 V0.3.0 [2]. A deployment scenario with Outdoor Macro and Outdoor TBS Transmitter is defined. The simulation assumptions are summarized in the Annex of this contribution. A TBS-only scenario is considered (i.e., no PRS from the macro cells are used). 
The Figure 2 shows the horizontal positioning error for this TBS-only scenario and the OTDOA baseline results for Case#1 with 0 small cells (macro only). The OTDOA baseline results are taken from [3]. As can be seen from Figure 2, the TBS results are worse compared to the OTDOA baseline results for the macro-only scenario. 
The TBS evaluation scenario is essentially the same as Case#1 with 0 small cells. The TBS sites are deployed on a hexagonal grid with ISD=500m and the Urban Macro channel models are used. However, the main difference between the TBS scenario and Case#1 is, that for Case#1, sector antennas with 17 dBi gain are used; for the TBS scenario, omni-antennas with 5 dBi gain are used. 
The PRS signal configuration and UE measurement processing is also essentially the same for the TBS and OTDOA results. The difference here is that for OTDOA NPRS=1 is used, whereas for TBS NPRS=6 is used. The use of more PRS subframes for TBS in this example does not overcome the reduced TBS antenna gain.
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TBS Option 1 (PRS)

OTDOA Case 1 (0 small cells)



	
	
	OTDOA
	TBS

	
	40-% error [m]
	21
	25

	
	50-% error [m]
	26
	31

	
	70-% error [m]
	36
	43

	
	80-% error [m]
	43
	54

	
	90-% error [m]
	57
	69

	
	Success rate [%]
	99.42
	97.43

	
	% < 50 m [%]
	86
	78

	


Figure 2: Horizontal Positioning Error for TBS and OTDOA.
Figure 3 shows the vertical positioning error for this TBS-only scenario and the OTDOA baseline results for Case#1 with 0 small cells (macro only) [3]. In this example, TBS shows slightly better vertical positioning performance compared to OTDOA (for the lower percentiles). A reason for this may be that more vertical site variation is present with omni-sites, compared to the OTDOA results with sector-sites. I.e., the BS antenna height in both scenarios is 25m+, where ~uniform(-5,25) m. However, for the OTDOA results the 3 sectors of a site have the same antenna heights. Therefore, if the UE measures several sectors of a site (which is usually the case), the same vertical BS coordinates are used (i.e., less overall vertical variation within the RSTD measurement set, compared to omni-sites).  
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TBS Option 1 (PRS)

OTDOA Case 1 (0 small cells)



	
	
	OTDOA
	TBS

	
	40-% error [m]
	75
	65

	
	50-% error [m]
	93
	86

	
	70-% error [m]
	135
	133

	
	80-% error [m]
	161
	165

	
	90-% error [m]
	213
	220

	
	Success rate [%]
	61.29
	55.20

	


Figure 3: Vertical Positioning Error for TBS and OTDOA.

3.  

Summary

In this contribution, we showed initial simulation results of a TBS-only deployment. Compared to the OTDOA baseline results for Case#1 with 0 small cells (macro-only), TBS shows worse horizontal positioning performance. One reason for this may be the different BS antenna pattern. For TBS, omni-antennas are used, whereas for OTDOA sector antennas are used with higher antenna gain. 
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Annex A:
Simulation Model


A.1

TBS Evaluation Assumptions
	Parameter
	Macro Cell
	Outdoor TBS Transmitter

	Layout
	Hexagonal grid, 3 sectors per site, 19 Macro sites,  ISD = 500m
	Hexagonal grid, TBS transmitter deployed at macro cell edge,  ISD = 500m 
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	System Bandwidth per Carrier
	10 MHz
	10 MHz

	Carrier Frequency
	2.0 GHz
	3.5 GHz

	Number of Carriers
	1
	1

	Total power (Ptotal per carrier)
	46 dBm
	46 dBm

	Distance-Dependent Path Loss
	3D-UMa

(Table 7.2-1 in TR 36.873)

Indoor UEs: 3D-UMa O-to-I (PLb=PL3D-UMa)
Outdoor UEs: 3D-UMa LOS or 3D-UMa NLOS, 
depending on LOS probability.
	3D-UMa

(Table 7.2-1 in TR 36.873)

Indoor UEs: 3D-UMa O-to-I (PLb=PL3D-UMa)
Outdoor UEs: 3D-UMa LOS or 3D-UMa NLOS, depending on LOS probability.

	Penetration
	For outdoor UEs: 0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25, UE-to-eNB distance) ] for each link)
(i.e., PLtw = 20 dB; PLin = 0.5din (Table 7.2-1 in TR 36.873))
	For outdoor UEs: 0dB
For indoor UEs: 23 dB+0.5din (din : independent uniform random value between [ 0, min(25, UE-to-eNB distance) ] for each link)
(i.e., PLtw = 23 dB; PLin = 0.5din (Table 7.2-1 in TR 36.873))

(PLtw selected according to carrier frequency used).

	Shadowing
	3D-UMa (Table 7.3-6 in TR36.873)
Indoor UEs:
3D-UMa O-to-I 
Outdoor UEs: 
3D-UMa LOS or 3D-UMa NLOS, depending on LOS probability.
	3D-UMa (Table 7.3-6 in TR36.873)

Indoor UEs:
3D-UMa O-to-I 
Outdoor UEs: 
3D-UMa LOS or 3D-UMa NLOS, depending on LOS probability.

	Antenna Pattern
	3D according to TR36.819
	2D Omni-directional

	Antenna Height
	25m + α
α ~ uniform(-5,25) m
	25m + α
α ~ uniform(-5,25) m

	UE Height
	hUT = 3(nfl – 1) + 1.5 m
where, nfl ~ uniform(1,Nfl) and Nfl = 8

	Antenna Gain + Connector Loss
	17 dBi
	5 dBi

	Antenna Gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	3D-UMa from TR 36.873 
Indoor UEs:
3D-UMa O-to-I 
Outdoor UEs: 
3D-UMa LOS or 3D-UMa NLOS, depending on LOS probability.
	3D-UMa from TR 36.873 
Indoor UEs:
3D-UMa O-to-I 
Outdoor UEs: 
3D-UMa LOS or 3D-UMa NLOS, depending on LOS probability.

	Antenna Configuration
	2Tx, 2Rx in DL, Cross-polarized

	Number of floors per building
	8

	UE Dropping
	Same as case 1 

	UE noise figure
	9 dB

	UE Speed
	3 km/h

	Network Synchronization
	Perfectly synchronized for baseline. 

	


A.2

TBS PRS Signal Configuration
	Parameter
	Macro Cell(1)
	TBS OPTION 1

	System bandwidth
	10 MHz
	10 MHz

	Cell planning
	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
	6

	PRS periodicity
	160 ms
	160 ms

	PRS bandwidth
	Full system bandwidth

	Measurement bandwidth
	Full system bandwidth

	PRS muting
	16-bit random muting pattern with 50% duty cycle (2)

	PRS Power boosting 
	10log6 dB

	PDSCH transmission
	No PDSCH transmission in PRS transmission occasions
	NA

	RSTD report quantization
	Modeled as in 36.133 section 9.1.10.3

	Other TBS Parameters
	N/A

	NOTE 1: PRS on the macro cells are not used for the results in this contribution.
NOTE 2: R. Srinivasan, et. al., "PRS Muting Pattern Assignment to Optimize RSTD 
Measurement Acquisition for OTDOA Positioning in 3GPP LTE", 
      
Proceedings of the 2015 ION International Technical Meeting ION ITM 2015, Jan. 
26-28, 2015, Dana Point, California, pp. 310-325.
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