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1.  

Introduction
A new Study Item on “Indoor Positioning Enhancements for UTRA and LTE” was agreed at RAN#65 [1]. The first objectives of the SI are to 
“Define a 3D system model, including indoor channel model, to study indoor positioning” and
“Develop baseline simulation scenarios”

in order to evaluate the performance of the 3GPP standardized positioning techniques in indoor environments. For performance evaluation, location accuracy, yield and time-to-fix should be considered [1].
At RAN1#78bis, it was agreed to define two general scenarios for evaluating baseline positioning performance in indoor environments:
1. Outdoor macro + outdoor small cell  deployment scenario;

2. Outdoor macro + indoor small cell deployment scenario.

In this contribution, we propose the general evaluation methodology used to evaluate positioning performance, the performance metrics, and the simulation assumptions for the above two general scenarios. In addition, the simulation parameters and assumptions for establishing the baseline performance for LTE OTDOA are proposed.
2. 

Evaluation Methodology

Positioning methods have been evaluated in 3GPP e.g., during Release 9 and before. It is proposed to use the same general evaluation methodology also for the indoor positioning study. The evaluation methodology consists of a combination of radio network simulation, link simulation, and position calculation. The simulation procedure is a static snapshot-based simulation with the ability to model link-level behaviour in a multi-cell environment, and consists of the following main steps:
1) System Generation

a) Generate the network layout, according to a particular scenario definition.

b) Drop building models, e.g., buildings are dropped randomly within the macro coverage area (subject to minimum separation to macro BS and non-overlapping constraint).

c) Drop UE models. UEs are dropped indoors only for this study. 

d) Assign UEs to the best cells with respect to the average power gain.
e) Determine system quantities needed for link simulations at Step 2; e.g.  SINR for reference and neighbour cells.

2) Link Simulation

a) Generate the transmitted signal (for LTE OTDOA the DL PRS signals) for each positioning link.
b) Generate the multipath propagation channel for each positioning link (serving and a number of neighbour cells) and model the received signal at the receiver. The model considers the system quantities from Step 1 (e.g., received signal and interference power for each link). 
c) Apply the receiver algorithms to estimate the desired quantity (RSTD in case of LTE OTDOA).
3) Position Calculation

a) Based on measurements obtained at Step 2c) above, calculate the position for each UE in the network. 

4) Positioning Error Statistics

a) For all UEs in the network, calculate the positioning error CDF.
2.1

Performance Metric
The overall output of the system simulations outlined in section 2 above are positioning error CDFs for a given scenario. The horizontal (2D) and vertical positioning errors are evaluated separately. From the horizontal and vertical positioning error CDF, the 67th, 80th and 95th percentile are extracted and used as performance metric for each simulated scenario. In addition, the Success Rate (yield) in percent is determined, defined as the number of successful position fixes over the total number of mobiles to be positioned (i.e., total number of mobiles dropped). 
Table 1: Performance Metrics.
	
	67th-percentile [m]
	80th-percentile [m]
	95th-percentile [m]
	Success Rate [%]

	
	Indoor Positioning Scenario #

	Horizontal Positioning Error
	
	
	
	

	Vertical Positioning Error
	
	
	
	


3. 

System Simulations 
3.1

System Generation

For the general system generation, the scenarios used in 3GPP before [e.g., 2, 3, 4] are also appropriate for this study item. Some key parameter are proposed in Table 2 below. In most 3GPP studies, a 2GHz carrier frequency is used. Since indoor positioning performance may depend on carrier frequency (e.g., frequency of operations impacts propagation and path loss estimates), it is proposed here to also use a lower frequency band for performance evaluation, i.e., 700 MHz band. 
Table 2: E-UTRA System Simulation Assumptions.
	Parameter
	Macro Cell
	Small Cell (Outdoor)
	Small Cell (Indoor)

	Cell layout
	Hexagonal Grid, wrap around
	Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area
	Deployed within Building Model (see Section 3.2.1)

	Number of sites
	19 sites, with 3-sectored antennas at each site
	1 cluster per macro cell

4 small cells per cluster
	Deployed within Building Model (see Section 3.2.1)

	Distances (2D)
	ISD = 500 m
	Radius for small cell dropping in cluster = 50 m

Small cell – small cell > 20 m

Macro – small cell cluster center > 105 m

Cluster center – cluster center > 100 m
	See Building Drop Parameter (Table 5)

	PCI planning
	Planned cell ID layout
	Random cell ID selection

	UE mobility (only for channel models)
	3 km/h

	BS antenna height
	25 m
	10 m
	(n+1) × floor height

	UE antenna height above floor level
	1.5 m

	BS Antenna gain
	17 dBi
	5 dBi

	BS Antenna pattern (horizontal)
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 = 70 degrees,  Am = 20 dB
	omni-directional (FFS)

	BS Antenna pattern (vertical)
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	Combining method in 3D BS antenna pattern
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	Antenna downtilt
	15(
	0(

	Number of BS antennas
	2Rx, 2Tx

	Carrier bandwidth
	10 MHz,  20 MHz

	Total BS TX power
	46/49 dBm for 10/20 MHz
	30/33 dBm for 10/20 MHz
	24/27 dBm for 10/20 MHz

	Carrier frequency
	2 GHz, 700 MHz
	2 GHz, 3.5 GHz

	UE noise figure
	9 dB

	UE antenna gain
	0 dBi

	Number of UE antennas
	2 Rx, 1 Tx


To determine baseline performance, the deployment scenarios summarized in Table 3 below are proposed. 

Table 3: E-UTRA Indoor Positioning Scenarios.

	
	Macro Cell
(outdoor)
	Small Cell
	Comments

	Positioning Scenario 1-s
	baseline

	Carrier Frequency
	2 GHz
	2 GHz
	

	Small Cell Deployment
	· 
	Outdoor
	

	Building Model (See Section 3.2)
	Square building
	

	Positioning Scenario 1-r
	baseline

	Carrier Frequency
	2 GHz
	2 GHz
	

	Small Cell Deployment
	-
	Outdoor
	

	Building Model (See Section 3.2)
	Rectangular building
	

	Positioning Scenario 2-s
	baseline

	Carrier Frequency
	2 GHz
	2 GHz
	

	Small Cell Deployment
	-
	Indoor
	

	Building Model (See Section 3.2)
	Square Building
	

	Positioning Scenario 2-r
	baseline

	Carrier Frequency
	2 GHz
	2 GHz
	

	Small Cell Deployment
	-
	Indoor
	

	Building Model (See Section 3.2)
	Rectangular Building
	

	Positioning Scenario 3-s
	baseline

	Carrier Frequency
	2 GHz
	3.5 GHz
	

	Small Cell Deployment
	· 
	Indoor 
	

	Building Model (See section 3.2)
	Square building
	

	Positioning Scenario 3-r
	baseline

	Carrier Frequency
	2 GHz
	3.5 GHz
	

	Small Cell Deployment
	
	Indoor 
	

	Building Model (See section 3.2)
	Rectangular building
	

	Positioning Scenario 4-s
	optional

	Carrier Frequency
	700 MHz
	2 GHz
	

	Small Cell Deployment 
	· 
	Indoor
	

	Building Model (See section 3.2)
	Square building
	

	Positioning Scenario 4-r
	optional

	Carrier Frequency
	700 MHz
	2 GHz
	

	Small Cell Deployment
	-
	Indoor 
	

	Building Model (See section 3.2)
	Rectangular building
	


3.2


Building Model

For studying indoor positioning performance, it is proposed to use similar building/apartment models as used for example in HNB/HeNB studies. Two basic building layouts to model indoor space are proposed:
1. Square buildings: uniform net of closed rooms with 10m × 10m dimensions ("Indoor Office").
2. Rectangular buildings: dual stripe of rooms with 10m × 10m dimensions separated from each other by a 10m × 80m long corridor. Rooms have no separation wall towards the corridor ("Indoor Hot Spot").
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Figure 1: Sketch of modelled indoor space.
Table 4: Building Types Modelling Parameter.
	Parameter
	Assumption

	Square Buildings

	Room Size
	10m × 10m

	Floor Size
	50m × 50m

	Number of Floors
	6

	Floor Height
	3 m

	Rectangular buildings

	Room Size
	10m × 10m

	Floor Size
	80m × 30m

	Number of Floors
	4

	Floor Height
	4 m


The building models are proposed to be dropped randomly per macro cell with a minimum separation from a macro BS of 35m. UEs are proposed to be dropped randomly per room on each floor. It is proposed to drop mobiles not in every single room, since otherwise the number of mobiles (and therefore, the simulation time) will increase significantly. For example, considering 5×5 rooms per floor and 6 floors per building, with 1 UE per room there are 150 UEs per building model. With 1 building model randomly dropped per macro cell, and with 57 macro cells (as proposed in Table 2), there will be 8550 UEs in the system. Instead, it is proposed to use a UE “deployment ratio”, defined as number of UEs dropped randomly per rooms on each floor. 
Table 5: Building Drop Parameter.
	Parameter
	Assumption

	Number of Buildings dropped uniform randomly per macro cell
	1

	Minimum separation of building from macro site
	35m


Table 6: UE Drop Parameter.
	Parameter
	Assumption

	Maximum number of UEs dropped uniform randomly per room
	1

	Minimum separation of UE from wall (if needed)
	1m

	UE “deployment ratio”; #mobiles/#rooms per floor
	0.1 – 0.5
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Figure 2: Example of cell layout with 1 building dropped uniform randomly per macro cell, and 1 (outdoor) small cell cluster per macro coverage area with 4 small cells per cluster.
3.2.1

Indoor Small Cell Deployment
For indoor small cell deployment, 2 small cells per floor of each building are dropped. 
For the square building model, the small cells are deployed at the ceiling (floor height) in the centre of two randomly selected rooms on each floor. 
For the rectangular building model, the small cells are deployed at the ceiling (floor height) in the corridor, as shown in Figure 3 below. 

Table 7: Indoor Small Cell Drop Parameter.
	Parameter
	Assumption

	Number of small cells per floor
	2

	Small cell antenna height 
	(n+1) × floor height (n=floor number; see Figure 4)

	Small cell location
	Square buildings
	Centre of room; 2 rooms per floor randomly selected

	
	Rectangular buildings
	Figure 3; ISD between small cells on the same floor = 40 m
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Figure 3: Indoor small cell deployment (rectangular building model).
3.3


Path Loss Model
3.3.1

Outdoor-Indoor Channel
A common approach used in many studies before is to predict the path loss outside in the proximity of the building and then add a constant loss in order to estimate the loss inside the building. This approach is considered too simplistic to study indoor positioning performance. For positioning, usually more than a single link is required. E.g., for OTDOA positioning a UE has to receive signals from multiple base stations. Each BS signal may experience a different propagation characteristic into the building. 
As mentioned in the Study Item description [1], an important property is that the propagation occurs in 3D with devices located indoors at different floors of the buildings. Existing path loss models (with proper modifications) can be reused for studying indoor positioning performance. For an outdoor cell deployment scenario, outdoor-to-indoor propagation needs to be modelled. 
A comprehensive outdoor-to-indoor model was developed within the COST project 231 [5]. Two building penetration models are described, one for line-of-sight (LOS) conditions and one for non-line-of-sight (NLOS) conditions. 
For the NLOS condition typically observed in macrocells, the mean pathloss can be expanded into three terms [6]:
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Where Lout is the pathloss encountered in the street outside the building as illustrated in Figure 4.

[image: image10.emf]Floor n=N

Floor n=1

Floor n=0

L

out


Figure 4: The model relates the loss inside a building from an external transmitter to the loss measured outside the building.

 Ltw is the transition pathloss from outdoors to indoors given by:
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where We is the loss due to perpendicular penetration at the external wall; the constant Wge is a correction factor, introduced to tune the penetration loss of the external wall (due to angle dependent loss); and GFH is the floor height gain that takes into account the fact that the diffraction pathloss decreases as the indoor antenna height relative to the ground floor increases, where two options are given:
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where Gn is the floor gain given in dB/floor and Gh is the height gain given in dB/m. In the first case, n indicates the floor number, while the antenna height h is used in the second case. 
The indoor pathloss Lin, measured from some point located just inside the building (“penetration point”), is given by:
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where Wi is the loss of the internal wall; p is the number of internal walls obstructing the direct path between the penetration point and the position of the indoor antenna;  represents the indoor pathloss coefficient; and din is the distance measured perpendicularly from the exterior wall penetration point to the actual position of the indoor antenna according to Figure 5. 
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Figure 5: Geometry for building penetration model.
3.3.1.1
Parameter Selection
3.3.1.1.1 
Outside Loss Lout
For the outside pathloss at street level Lout any appropriate pathloss model can in principle be used, e.g., an Urban model defined in [2]. However, most pathloss models used in previous studies are valid for frequencies at or above 2 GHz. As mentioned in Section 3.1 (Table 2 and 3), it is proposed to also consider a 700 MHz scenario as used for example by some US operators. 
In [7] the channel models from WINNER II have been updated to WINNER+ models where the frequency range of the models is extended down to 450 MHz. 
The WINNER+ Urban Macro NLOS model (C2) may be used for the 700 MHz and 2 GHz scenario and is summarized in Table 8 below.
Table 8: WINNER+ UMa (C2) pathloss model.

	fc: 0.45 – 1.5 GHz:
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fc: 1.5– 2.0 GHz:

[image: image17.png]PL = (44.9 — 6.55l0g;4(hgs) )logyo(d) + 5.83logy(hgs) + 14.78 + 34.97l0g4, (f)




fc: 2.0– 6.0 GHz:

[image: image19.png]PL = (44.9 — 6.55l0g;4(hgs))logyo(d) + 5.83logyq(hgs) + 18.38 + 23logy,(f2)
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For the (outdoor) small cells, the Urban Micro NLOS model (B1) may be used, which is summarized in Table 9 below.

Table 9: WINNER+ UMi (B1) pathloss model.
	fc: 0.45 – 1.5 GHz:
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fc: 1.5– 2.0 GHz:

[image: image25.png]PL = (44.9 — 6.55l0g;4(hgs) )logyo(d) + 5.83logy(hgs) + 14.78 + 34.97l0g4, (f)




fc: 2.0– 6.0 GHz:

[image: image27.png]PL = (44.9 — 6.55l0g;4(hgs))logyo(d) + 5.83logyq(hgs) + 18.38 + 23logy,(f2)
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3.3.1.1.2
Building Loss Ltw, Lin
As discussed in [8], the proposed parameter are summarized in Table 10 below.
Table 10: Proposed Pathloss Model Parameter.
	Parameter
	Macro Cell
	Small Cell (Outdoor)

	Lout
	WINNER+ UMa NLOS (Table 8)
	WINNER+ UMi NLOS (Table 9)

	We 
	8 dB

	Wge
	5 dB

	Wi
	6 dB

	Gn
	1.5 dB/floor

	
	0.6 dB/m


3.3.1.2
Model Implementation

The penetration point from which the parameter din,  and p are determined is selected according to the sight to the transmitter (see Figure 5 above). However, if building models are dropped uniform randomly within a cell, there are usually two walls in sight to the transmitter, as illustrated in Figure 6 below. According to the COST231 building penetration model all the paths through the external walls should be considered [6]:
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Therefore, all penetration points in sight to the transmitter are determined and the pathloss is calculated for each path as described above. The final pathloss at the UE location is then the sum of the power components through the walls which are in sight to the transmitter. 
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Figure 6: Selection of penetration points according to the sight to the transmitter. 
3.3.2

Indoor Channel
For the indoor small cell deployment, the WINNER II indoor model (A1) is proposed, which is summarized in Table 11 below [9].
Table 11: WINNER II A1 Pathloss Model.

	Rectangular Building Model (Indoor Hot Spot)

	LOS (UE in corridor on same floor as BS) 
	PL=18.7(log10(d) + 46.8 + 20 log10(fc/5.0)
	3m < d < 100m

	NLOS (UE in room or different floor as BS)
	PL=36.8(log10(d) + 43.8 + 20 log10(fc/5.0)
	3m < d < 100m

	Floor penetration
	17 + 4 ((nf -1)

nf is the number of penetrated floors, nf>0
	

	Square Building Model (Indoor Office)

	LOS (UE in same room as BS)
	PL=18.7(log10(d) + 46.8 + 20 log10(fc/5.0)
	3m < d < 100m

	NLOS (UE in different room as BS)
	PL=20.0(log10(d) + 46.4 + 20 log10(fc/5.0)
	3m < d < 100m

	Wall penetration
	Wi (nw 
Wi according to Table 10; nw is the number of penetrated walls between BS and UE (nw > 0 for NLOS case) .
	

	Floor penetration
	17 + 4 ((nf -1)

nf is the number of penetrated floors, nf>0
	

	NOTE: fc in GHz, d (3D distance) in meters.


3.4

Large Scale (Shadow) Fading
The large scale fading is commonly used to complement the pathloss and is attributed to obstacles blocking the direct path between the receive and the transmit antennas (e.g., buildings are not symmetric and the furnishing is not the same in all directions, etc.). The large scale fading (in dB-scale) is usually modeled by a zero-mean Gaussian variable with a standard deviation , or equivalently, by a lognormally distributed variable in linear scale. 
For simplicity, it is proposed to re-use the parameter from [2,9], which are summarized in Table 12 below. 
Table 12: Large Scale Fading Parameter.
	Parameter
	Macro Cell
	Small Cell (outdoor)
	Small Cell

(indoor)

	Lognormal shadowing standard deviation
	6 dB
	7 dB
	LOS: 3 dB
NLOS: 4 dB

	Shadowing Correlation
	Between Sites
	0.5
	0.5
	0.5

	
	Between Sectors
	1
	-
	-

	
	Correlation Distance
	50 m
	7 m
	LOS: 6 m
NLOS: 4 m


3.5

Fast (Multipath) Fading

For this indoor positioning study, it is assumed that the devices are stationary (or slowly moving). The radio propagation channel is an important part of the overall model that characterizes performance when carrying out link level simulations (Step 2b in section 2 above). In particular, the multipath profile has a significant impact on the performance of time-of-arrival based measurements (e.g., RSTD measurements for OTDOA). 
Some key requirements for the radio channel for positioning include:

1. The mean excess delay of the channel is the most import parameter to model appropriately, due to the fact that positioning techniques often use time estimations to position the mobile, and the accuracy of such techniques depends on the mean excess delay of the impulse response.
2. The channel realization is usually different for each measurement link, since each link has a different distance and propagation characteristic (e.g., NLOS error). The mean excess delay usually increases with distance. 
Early channel models for positioning were proposed in [10, 11] (aka "T1P1 Models"), which were also considered in 3GPP during Rel-9 positioning studies [e.g., 12]. Other models used in positioning studies before include the standard ETU and EPA models [12]. 
Although, the previously used models in simulations (such as ETU, or T1P1) may have unrealistically high delay spread, and therefore, might result is unrealistically low positioning accuracy, it is proposed to continue to use the existing ETU, EPA or T1P1 channel models also for this study (for simplicity). 
4. 

LTE OTDOA Baseline Assumptions

For evaluating LTE OTDOA positioning performance, the OTDOA parameter as summarized in Table 13 below are proposed. 
Table 13: OTDOA Simulation Assumptions.
	Parameter
	Baseline assumption
	Comments

	PRS Configuration

	TPRS
	160 ms
	

	NPRS
	1
	Performance improvement with NPRS>1 should be investigated.

	Positioning Subframes
	LIS
	

	PRS  bandwidth
	10 MHz
	20 MHz optional.

	Muting
	off
	Performance improvement with muting should be investigated.

	PRS Power Boosting
	0 dB
	Performance improvement with PRS power boosting should be investigated.

	Network Calibration Accuracy

	Radio interface synchronization
	GNSS based
	

	Radio interface calibration accuracy
	 = 100 ns

(Gaussian distributed)
	Performance improvement/loss with higher/lower synchronization accuracy should be investigated. 

	PRS TX antenna coordinate accuracy
	 = 3 m 

(Gaussian distributed)
	Performance improvement/loss with higher/lower accuracy should be investigated.


5. 

System Calibration

Before providing positioning simulation results according to Section 2.1 above, it is proposed to evaluate PRS SINR statistics for a number of positioning links (e.g., the first 5 best positioning links) for each scenario proposed in Section 3.1 (Table 3). 
6. 

Summary 

This contribution proposed the general evaluation methodology used to evaluate positioning performance, the performance metrics, and the baseline simulation assumptions for LTE OTDOA. The proposed simulation parameters are summarized in the Table below:

	Parameter
	Macro Cell
	Small Cell (Outdoor)
	Small Cell (Indoor)

	System Generation

	Cell layout
	Hexagonal Grid, wrap around
	Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area
	Deployed within Building Model 

	Number of sites
	19 sites, with 3-sectored antennas at each site
	1 cluster per macro cell

4 small cells per cluster
	Deployed within Building Model 

	Distances (2D)
	ISD = 500 m
	Radius for small cell dropping in cluster = 50 m

Small cell – small cell > 20 m

Macro – small cell cluster center > 105 m

Cluster center – cluster center > 100 m
	See Building Drop Parameter below

	PCI planning
	Planned cell ID layout
	Random cell ID selection

	UE mobility (only for channel models)
	3 km/h

	BS antenna height
	25 m
	10 m
	(n+1) × floor height

	UE antenna height above floor level
	1.5 m

	BS Antenna gain
	17 dBi
	5 dBi

	BS Antenna pattern (horizontal)
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 = 70 degrees,  Am = 20 dB
	omni-directional (FFS)

	BS Antenna pattern (vertical)
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	Combining method in 3D BS antenna pattern
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	Antenna downtilt
	15(
	0(

	Number of BS antennas
	2Rx, 2Tx

	Carrier bandwidth
	10 MHz,  20 MHz

	Total BS TX power
	46/49 dBm for 10/20 MHz
	30/33 dBm for 10/20 MHz
	24/27 dBm for 10/20 MHz

	Carrier frequency
	2 GHz, 700 MHz
	2 GHz, 3.5 GHz

	UE noise figure
	9 dB

	UE antenna gain
	0 dBi

	Number of UE antennas
	2 Rx, 1 Tx

	Building Model

	Square Buildings

	Room Size
	10m × 10m

	Floor Size
	50m × 50m

	Number of Floors
	6

	Floor Height
	3 m

	Rectangular Buildings

	Room Size
	10m × 10m

	Floor Size
	80m × 30m

	Number of Floors
	4

	Floor Height
	4 m

	Building Drop Parameter

	Number of Buildings dropped uniform randomly per macro cell
	1

	Minimum separation of building from macro site
	35m

	Indoor Small Cell Drop Parameter

	Number of Small Cells per floor
	-
	2

	Small Cell location
	Square Building
	-
	Centre of room; 2 rooms per floor randomly selected

	
	Rectangular Building
	-
	Figure 3; ISD between small cells on the same floor = 40 m

	UE Drop Parameter

	Maximum number of UEs dropped uniform randomly per room
	1

	Minimum separation of UE from wall (if needed)
	1m

	UE “deployment ratio”; #mobiles/#rooms per floor
	0.1 – 0.5

	Pathloss Model

	Outdoor-Indoor                                                                                    
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	       Wi
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	-
	-
	WINNER II A1 (Table 11)

	Wall Penetration
	-
	-
	Wi (nw

	Floor Penetration
	-
	-
	17 + 4 ((nf -1)

	Shadow Fading

	Lognormal shadowing standard deviation
	6 dB
	7 dB
	LOS: 3 dB

NLOS: 4 dB

	Shadowing Correlation
	Between Sites
	0.5
	0.5
	0.5

	
	Between Sectors
	1
	-
	-

	
	Correlation Distance
	50 m
	7 m
	LOS: 6 m

NLOS: 4 m

	Link Channel Profile

	
	T1P1 (Urban A/B), ETU
	EPA

	OTDOA Configuration

	TPRS
	160 ms

	NPRS
	1

	Positioning Subframes
	LIS

	PRS  bandwidth
	10 MHz

	Muting
	off

	PRS Power Boosting
	0 dB

	Radio interface synchronization
	GNSS based

	Radio interface calibration accuracy
	 = 100 ns

(Gaussian distributed)

	PRS TX antenna coordinate accuracy
	 = 3 m 
(Gaussian distributed)
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