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1.  

Introduction
At RAN1#79 some basic evaluation scenarios [1] and simulation parameters for OTDOA [2] were agreed as working assumption.  

In this contribution, we show initial simulation results of Cell-ID and OTDOA positioning performance in the environments defined in [1]. 

2. 

Results
The detailed simulation assumptions and parameter used for these initial results are summarized in the Annex of this contribution.  
2.1 


Scenario #1 Results (Outdoor Macro + Outdoor Small Cell)
The horizontal and vertical positioning error CDFs for Scenario #1 with 4 small cells/cluster are shown in Figure 1. The 67-, 90-, and 95-percentile errors together with the success rate are summarized in Tables 1 and 2.
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Figure 1: Horizontal and Vertical Positioning Error CDF for Scenario #1 with 4 Small Cells/Cluster.

Table 1: Scenario#1 with 4 Small Cells/Cluster Horizontal Positioning Error.

	
	Cell-ID
	OTDOA

	67-percentile error [m]
	69.03
	11.68

	90-percentile error [m]
	162.77
	21.56

	95-percentile error [m]
	248.56
	28.37

	Success rate [%]
	100
	100


Table 2: Scenario#1 with 4 Small Cells/Cluster Vertical Positioning Error.

	
	Cell-ID
	OTDOA

	67-percentile error [m]
	8.5
	–

	90-percentile error [m]
	20.5
	–

	95-percentile error [m]
	23.5
	–

	Success rate [%]
	100
	–


2.2 


Scenario #2 Results (Outdoor Macro + Indoor Small Cell)
The horizontal and vertical positioning error CDFs for Scenario #2 are shown in Figure 2. The 67-, 90-, and 95-percentile errors together with the success rate are summarized in Tables 3 and 4.
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Figure 2: Horizontal and Vertical Positioning Error CDF for Scenario #2.

Table 3: Scenario#2 Horizontal Positioning Error.
	
	Cell-ID
	OTDOA

	67-percentile error [m]
	18.36
	13.77

	90-percentile error [m]
	27.13
	29.12

	95-percentile error [m]
	30.72
	40.19

	Success rate [%]
	100
	64.47


Table 4: Scenario#2 Vertical Positioning Error.

	
	Cell-ID
	OTDOA

	67-percentile error [m]
	1
	–

	90-percentile error [m]
	1
	–

	95-percentile error [m]
	1
	–

	Success rate [%]
	100
	–


The OTDOA success rate in this scenario is rather low (about 65%). There may be two reasons for this: First, the measurement geometry for some UE drops is rather poor, because the small cells on each floor have the same (x,y) coordinates (i.e., only 4 of the 16 small cells per building contribute to the (horizontal) measurement geometry). 
Second, the UE distances to the small cells are rather small, and often comparable to the mean excess delay of the InH multipath channel. Therefore, the multipath bias in the TOA estimates may be of similar size as the true UE-eNB distance. I.e., the absolute TOA error may be small, but compared to the true distance it may be significant, and results into a failure of convergence in the position calculation function (e.g., a 20 m measurement multipath bias for a 200 m UE-eNB distance has a rather small impact on position calculation compared to the case where the UE-eNB distance is also 20 m). 
Figure 3 shows the horizontal positioning error CDF where in case of no OTDOA success the Cell-Id position is used as final estimate. Table 5 summarizes the 67-, 90-, and 95-percentile errors together with the success rate for this case (which is then 100%).
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Figure 3: Horizontal positioning error CDF for Scenario #2 (OTDOA with Cell-Id fallback).

Table 5: Scenario#2 Horizontal Positioning Error.

	
	Cell-ID
	OTDOA with Cell-Id fallback

	67-percentile error [m]
	18.36
	14.39

	90-percentile error [m]
	27.13
	26.15

	95-percentile error [m]
	30.72
	36.97

	Success rate [%]
	100
	100


Overall, for a dense indoor small cell deployment scenario, Cell-ID positioning alone may be more accurate and reliable. 
3. 

Summary

The initial baseline simulation results for the 2 scenarios are summarized in the Tables below:
	Horizontal Positioning Error
	Scenario #1


	Scenario #2

	67-percentile error [m]
	11.68
	14.39

	90-percentile error [m]
	21.56
	26.15

	95-percentile error [m]
	28.37
	36.97

	Success rate [%]
	100
	100


	Vertical Positioning Error
	Scenario #1


	Scenario #2

	67-percentile error [m]
	8.5
	1

	90-percentile error [m]
	20.5
	1

	95-percentile error [m]
	23.5
	1

	Success rate [%]
	100
	100


Observation 1: 
OTDOA horizontal positioning performance for both Scenarios is better than 40 meters in 95% of the cases.

Observation 2: 
For a dense indoor small cell deployment scenario (i.e., Scenario #2), Cell-Id positioning alone would already give good positioning performance. E.g., OTDOA positioning may not provide an advantage in such scenarios.
Observation 3:
Methods to improve vertical positioning performance in Scenario #1 are desired. 
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Annex: Simulation Assumptions

Scenario #1: Outdoor Macro + Outdoor Small Cell
	Parameter
	Macro Cell
	Outdoor Small Cell

	Layout
	Hexagonal grid, 3 sectors per site, 19 Macro sites, 
ISD = 500m
	Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	System Bandwidth per Carrier
	10 MHz
	10 MHz

	Carrier Frequency
	2.0 GHz
	2.0 GHz

	Carrier Number
	1
	1

	Total BS TX power (Ptotal per carrier)
	46 dBm
	30 dBm

	Distance-Dependent Path Loss
	3D-UMa

(Table 7.2-1 in TR 36.873)
	3D-UMi

(Table 7.2-1 in TR 36.873)

	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)

	Shadowing
	
	3D-UMa (Table 7.3-6 in TR36.873)
	3D-UMi Table 7.3-6 in TR36.873)

	Antenna Pattern
	Horizontal
	3D according to TR36.819
	2D Omni-directional (baseline). 

	
	
	
[image: image6.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

H

A

A

,

12

min

2

3

j

j

j



[image: image7.wmf]dB

3

j

 = 70 degrees,  Am = 25 dB
	

	
	Vertical
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	Combining method in 3D BS antenna pattern
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	Antenna Tilt
	15 degrees 
	0 degrees

	Antenna Height
	25m + α
(α: uniform random variable and its range is FFS)
α = 0
	10m + β
(β: uniform random variable and its range is FFS) 
β = 0

	UE Height
	hUT = 3(nfl – 1) + 1.5 m
where, nfl ~ uniform(1,Nfl) and Nfl = 4

	Antenna Gain + Connector Loss
	17 dBi
	5 dBi

	Antenna Gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	3D-UMa from TS36.873
	3D-UMi from TS36.873

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

	Number of Clusters per Macro Cell Geographical Area
	1

	Number of Small Cells per Cluster
	4

	Number of Small Cells per Macro Cell
	4 × Number of clusters per macro cell geographical area

	UE Dropping
	2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Radius for small cell dropping in a cluster
	50 m

	Radius for UE dropping in a cluster
	70 m

	Minimum distance (2D)
	Small cell-small cell: 20m

	
	Small cell-UE: 5m

	
	Macro –small cell cluster center: 105m

	
	Macro – UE : 35m

	
	cluster center-cluster center: 2*Radius for small cell dropping in a cluster

	UE noise figure
	9 dB

	UE Speed
	3 km/h

	Network Synchronization
	Synchronized

	Performance Metrics
	CDF of horizontal and vertical accuracy for indoor UEs

	Note 1: For eNB-to-UE distance, 3D distance is applied unless stated otherwise.

Note 2: Propagation delay is explicitly modeled.


Scenario #2: Outdoor Macro + Indoor Small Cell

	Parameter
	Macro Cell
	Indoor Small Cell

	Layout
	Hexagonal grid, 3 sectors per site, 19 Macro sites,
 ISD = 500m
	Same as SCE scn.2b dense (TR 36.872), except 4 floors and the following 4 cell locations per floor
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	System Bandwidth per Carrier
	10 MHz
	10 MHz

	Carrier Frequency
	2.0 GHz
	2.0 GHz

	Carrier Number
	1
	1

	Total BS TX power (Ptotal per carrier)
	46 dBm
	24 dBm

	Distance-Dependent Path Loss
	3D-UMa O-to-I
(Table 7.2-1 in TR 36.873)
	For indoor UEs in the same building:
ITU InH (Table B.1.2.1-1 in TR36.814). 
    NOTE:  LOS Probability as specified in Table
                 B.1.2.1-2 in TR 36.814 is applied for UEs
                 and Small Cells on the same floor. For UEs
                 and Small Cells on different floors, NLOS
                 propagation condition is used.

For outdoor UEs and indoor UEs in another building:

ITU UMi (Table B.1.2.1-1 in TR36.814).

	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)
	For indoor UEs on the same floor in the same building: 0dB.
For indoor UEs on another floor in the same building:
18.3 n ((n+2)/(n+1)-0.46) dB, where n is the number of penetrated floors.


For outdoor UEs:  20dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ]  for each link).

For indoor UEs in another building: 40 dB+0.5(din_1+ din_2) (din_1 and din_2 are independent uniform random value between[ 0, min(25,UE-to-eNB distance) ] for each link).

	Shadowing
	
	3D-UMa O-to-I (Table 7.3-6 in TR36.873)
	ITU InH (Table A.2.1.1.5-1 in TR36.814)

	Antenna Pattern
	Horizontal
	3D according to TR36.819
	2D Omni-directional (baseline). 
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	Vertical
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	Combining method in 3D BS antenna pattern
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	Antenna Tilt
	15 degrees 
	0 degrees

	Antenna Height
	25m + α
(α: uniform random variable and its range is FFS)
α = 0
	3(nfl – 1) + 2.5m,  where nfl({1,2,3,4}

	UE Height
	hUT = 3(nfl – 1) + 1.5 m
where, nfl ~ uniform(1,Nfl) and Nfl = 4

	Antenna Gain + Connector Loss
	17 dBi
	5 dBi

	Antenna Gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	3D-UMa O-to-I from TS36.873
	For indoor UEs: ITU InH
For outdoor UEs: ITU InH NLOS

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

	Number of Building per Macro Cell Geographical Area
	1

	Number of floors per building
	4

	Number of small cells per floor per building
	4

	UE Dropping
	The total number of UEs are uniformly dropped across all floors within the hotzone building.

	Minimum distance (2D)
	Small cell-UE: 3m

	
	Macro –building center: 100m

	
	Macro – UE : 35m

	
	building center-building center: 130m

	UE noise figure
	9 dB

	UE Speed
	3 km/h

	Network Synchronization
	Synchronized

	Performance Metrics
	CDF of horizontal and vertical accuracy for indoor UEs

	Note 1: For eNB-to-UE distance, 3D distance is applied unless stated otherwise.

Note 2: Propagation delay is explicitly modeled.


OTDOA Configuration:

	Parameter
	Value

	System bandwidth
	10 MHz

	Cell planning
	PCI planning for macro and small cells

	Network synchronization
	Synchronous

	Duplex modes
	FDD

	Cyclic prefix
	Normal

	DRX
	Off

	Number of antenna ports
	PRS
	1 (antenna port 6)

	
	CRS
	2

	Number of receive antennas
	2

	Number of consecutive positioning subframes in one occasion
	1 

	PRS periodicity
	160 ms

	PRS bandwidth
	Full system bandwidth

	Measurement bandwidth
	Full system bandwidth

	PRS muting
	16-bit random muting pattern with 50% duty cycle (NOTE 1)

	PRS Power boosting 
	10log6 dB

	PDSCH transmission
	No PDSCH transmission in PRS transmission occasions

	RSTD report quantization
	Modeled as in 36.133 section 9.1.10.3

	NOTE 1: 
The 16-bit muting pattern is randomly generated for each cell in such a way that each muting bit-string contains 8-zero 

and 8‑one values.
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