3GPP TSG-RAN WG1 Meeting #80


     R1-150484
Athens, Greece, February 9-13, 2015
Agenda item:
7.2.5.1
Source: 
Qualcomm Incorporated
Title: 
Remaining Details of Scenarios and Assumptions for Indoor Positioning Study
Document for:

Discussion and Decision

1.  

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

Some details for the following two general scenarios for evaluating baseline positioning performance in indoor environments were defined:
Scenario #1: Outdoor macro + outdoor small cell deployment scenario;

Scenario #2: Outdoor macro + indoor small cell deployment scenario.

Some of the details in [1] were left for further study. These items include:
1. Network synchronization error;
2. The number of floors of the modelled buildings;

3. Different carrier frequencies for macro and small cells;

4. Number of small cells per cluster or building (e.g., number of small cells equal to zero);

5. UE dropping model;

6. For Scenario#1, the antenna height for the small cells;

7. For Scenario#2, whether to use single or dual-strip model for the indoor small cells.

For OTDOA evaluation [2], in addition:

8. No PRS power boosting.

In this contribution, we provide our view on the above eight items. 
2. 

Discussion and Proposals
2.1


Network Synchronization Error
It is well known that e.g., OTDOA positioning requires accurate network synchronization. The synchronization requirements for positioning are much more stringent compared to the synchronization requirements for communication purposes. Achieving the required synchronization accuracies usually requires a GPS clock at the eNB’s, which easily synchronizes the cells to within 100 ns or better.  Errors due to antenna cables etc. need to be calibrated. Any remaining eNB synchronization offset directly affects the positioning performance.
Network synchronization is usually considered implementation dependent, and may also depend on the operator’s service requirements. Therefore, it may be difficult to agree on a “baseline network synchronization accuracy” assumption for performance evaluation. In addition, network synchronization accuracy in practice may be different for macro and small cell eNBs.  
Therefore, for establishing baseline performance, it is proposed to assume perfect network synchronization. However, the impact of network synchronization on positioning performance should be studied and included in the TR [3].  E.g., positioning error CDFs with different levels of network synchronization for selected scenarios should be included in the TR [3] to show the impact of network synchronization errors on overall positioning performance.  
Proposal 1: 
For establishing baseline performance, perfect network synchronization is assumed. The impact of network synchronization accuracy on positioning performance should be studied and included in the TR [3] (e.g., in a dedicated section).
2.2


Number of floors of the modelled buildings
Both evaluation scenarios currently assume 4 floors per building [1]. The number of floors (i.e., UE heights) have an impact on the e.g., LOS probability and pathloss predictions. In urban environments, multiple high-rise residential buildings and skyscrapers are usually present. Therefore, at least one of the two evaluation scenarios should use more than 4 floors. The pathloss models in TR 36.873 [6] support up to 8 floors. Simulating more floors would also give more different sample points for vertical positioning accuracy evaluation.
Proposal 2: 
At least one of the two scenarios should simulate more than 4 floors (e.g., 8 floors as in TR 36.873).

2.3 


Different carrier frequencies for macro and small cells
In both evaluation scenarios, the macro cells and small cells operate on the same carrier frequency (2GHz); i.e., the UE is required to perform intra-frequency RSTD measurements only. From an interference point of view, this is the worst case scenario. If the small cell layer operates on a different carrier frequency than the macro cell layer, inter-cell interference is reduced, and the RSTD measurements can be performed under higher SINR conditions. However, the UE would be required to perform inter-frequency RSTD measurements. Inter-frequency RSTD measurements require proper UE calibration (e.g., different RF group delays need to be compensated), and therefore, RSTD minimum performance requirements for inter-frequency RSTD measurements are relaxed compared to intra-frequency RSTD measurements [4].
Inter-frequency OTDOA deployments are currently on the rise (e.g., where the small cells (picos) operate on a different frequency layer than the macro cells). Therefore, it is proposed to consider also an inter-frequency scenario for baseline performance evaluation. Since the indoor small cell deployment Scenario #2 would already give reasonable Cell-ID positioning performance (see next section 2.4 and Figure 2), the need for inter-frequency RSTD measurements for Scenario #2 may be reduced. Therefore, it is proposed to use Scenario #1 also as an inter-frequency scenario. Since the pathloss models in TR 36.873 [6] are only valid in the frequency range of 2 – 6 GHz, it is proposed to use 2 GHz for the macro cells and 3.5 GHz for the small cells as in [5]. 
Similar to the network calibration errors (Section 2.1 above), it is proposed to assume perfect UE calibration for baseline performance and study the impacts of UE calibration errors separately [3].

Proposal 3: 
Use Scenario #1 also as an inter-frequency scenario with 2 GHz carrier frequency for the macro-cells and 3.5 GHz for the small cells. For establishing baseline performance, perfect UE calibration accuracy is assumed. The impact of UE calibration accuracy on positioning performance should be studied and included in the TR [3] (e.g., in a dedicated section).
2.4


Number of small cells per cluster or building

For both evaluation scenarios, one small cell cluster per macro coverage area is present. For Scenario #1, the cluster contain 4 or 10 small cells; for Scenario #2, the cluster (building) contain 16 small cells (4 small cells per floor and 4 floors). 
If the UE is connected via a small cell, Cell-ID positioning accuracy is usually quite accurate, since the coverage area of the small cells is rather small. This is in particular the case with Scenario #2. Cell-ID positioning results are shown in Figure 1 and 2 for Scenario #1 and Scenario #2, respectively. Even for Scenario #1 and 10 small cells per cluster (and the given UE dropping model), Cell-ID horizontal positioning accuracy is about 50m, 67%. 
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Figure 1: Horizontal and Vertical Cell-ID Positioning Error for Scenario #1.
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Figure 2: Horizontal and Vertical Cell-ID Positioning Error for Scenario #2.
Meanwhile, in some scenarios (e.g., dense urban, large shopping mall, etc.), a lot of small cell nodes are densely deployed to support huge traffic over a relatively wide area covered by the small cell nodes. However, in some environments, single or a few small cell node(s) may be sparsely deployed.  Positioning performance should also be studied in such deployment scenarios (i.e., where Cell-ID positioning alone is not sufficient). Therefore, the evaluation scenarios should also consider a sparser small cell deployment. However, a deployment scenario with only macro cells does not need to be studied anymore for Release 13. 
Proposal 4: 
Add a sparse small cell deployment Scenario #2b with only one or two small cells per building.
2.5


UE dropping model

The UE dropping model for Scenario #1 is reused from the Small Cell Enhancements study [5]; for Scenario #2, all UEs are dropped within the building model:
· Scenario #1 [1]:
"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."
· Scenario #2 [1]:
"The total number of UEs are uniformly dropped across all floors within the hotzone building."
For Scenario #1, no explicit building model is considered. Instead, "virtual buildings" are assumed by adding the specified penetration loss to the pathloss predictions. For the indoor UEs which are dropped within the small cell cluster (about 2/3 of the UEs), it would somewhat imply that the small cells are also virtually indoors. 
In principle, one could consider 3 different UE dropping models:

1. UEs are dropped uniformly throughout the macro coverage area;

2. UEs are dropped within the small cells cluster;

3. UEs are dropped within a building model. 

Scenario #1 currently uses a combination between 1 and 2 above; Scenario #2 uses 3 above. For UEs close to a small cell (about 2/3 of the UEs in Scenario #1, and essentially all UEs in Scenario #2), Cell-ID positioning is already quite accurate. In order to study positioning technology performance in a "true outdoor" deployment scenario, it is proposed to use also for Scenario #1 the UE dropping model as currently used for Scenario #2. I.e., the UEs are dropped in cluster (buildings), but the UE cluster do not overlap with the (outdoor) small cell cluster. 
Proposal 5: 
The UEs are uniformly dropped across all floors within the building, for both, Scenario #1 and Scenario #2. 80% of the UEs are indoor and 20% UEs are outdoor (Note: For performance evaluation, positioning error is determined for the indoor UEs only).

2.6


eNB the antenna heights
The eNB antenna heights for Scenario #1 are currently 25 m and 10 m for the macro and small cell eNBs, respectively, with a potential additional random height variable [1]:
· Outdoor macro cell:
25m + α (α: uniform random variable and its range is FFS)

· Indoor small cell:
10m + β (β: uniform random variable and its range is FFS)

For vertical multi-lateration based positioning, the transmission nodes need to be sufficiently vertically distributed in space. 
The impact of different eNB heights on (vertical) Cell-ID positioning performance is shown in Figure 3 below. In this example,  is a uniform random variable in the interval between [-5; 15] meters; and  is a uniform random variable in the interval between [-5; 10] meters (assuming the pathloss models in TR 36.873 [6] are valid for these eNB antenna heights).
As can be seen from Figure 3, with different eNB antenna heights (, ≠ 0, blue line) the CDF is more smooth (i.e., vertical positioning error is not in discrete steps) and generally somewhat lower compared to same antenna heights (, = 0, red line). 
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Figure 3: Vertical Cell-ID Positioning Error for Scenario #1. Left: 4 Small Cells/Cluster; right: 10 Small Cells/Cluster.
The Horizontal and Vertical Dilution of Precision (HDOP, VDOP) for Scenario # 1 with  and  uniformly distributed between [-5; 15] and [-5; 10] meters, respectively, is shown in Figure 4 below (the DOP is calculated using the 8 strongest cell sites in this example).
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Figure 4: 
HDOP and VDOP for Scenario #1 with  and  uniformly distributed between [-5; 15] and [-5; 10] meters, respectively.

The HDOP is less than 1 for about 50% of the UE drops. The VDOP is rather huge compared to the HDOP, meaning that the vertical positioning estimate via multi-lateration (e.g., OTDOA) may be rather poor. However, for about 20% of the UEs the VDOP is less than 3, which may still give reasonable vertical positioning performance for some UEs. In addition, a non-uniform eNB antenna height corresponds to a more realistic deployment scenario. 

(Note, the HDOP with 10 Small Cells per Cluster is somewhat higher compared to 4 Small Cells per Cluster. This is because the 8 strongest links are used for the DOP calculation, and with 10 Small Cells per Cluster the 8 strongest links are often from Small Cells only. This gives a slightly worse geometry compared to the case where macro cells are included in addition. On the other hand, the VDOP is smaller with 10 Small Cells per Cluster compared to 4 Small Cells per Cluster. The macro cells are usually further away from the UE location, contributing less to the vertical dilution.)

Proposal 6: 
The macro eNB antenna heights are 25m + α (Scenario #1 and #2), and the small cell antenna heights are 10m + β (Scenario #1), with  and  uniformly distributed between [-5; 15] and [-5; 10] meters, respectively.
2.7


Building model

For Scenario #2 the small cells are deployed within the ITU Hotspot building model, but with 4 floors and floor height of 3 meters. Alternatively, or in addition, one could consider the dual-strip model with indoor small cell deployment, which is also used in the Small Cell Enhancement Study [5]. For a dense small cell deployment scenario the building model does not matter much, since Cell-ID positioning would already give reasonable positioning accuracy. However, in a sparser indoor small cell deployment scenario, the dual-strip model may provide a more realistic urban indoor environment, where small cells from the apartment-strip on the other side of the street may be used/needed for positioning. 
As discussed in Section 2.4 above (Proposal 4), a sparse indoor small cell deployment scenario is also proposed. For this scenario the dual-strip apartment model is proposed, as used in [5]. The number of floors could be extended to 8 floors (as discussed in Section 2.2 (Proposal 2)), and the indoor small cells are randomly deployed within the dual-strip model. Two small cells are proposed per dual-strip building.

Proposal 7: 
Add a sparse small cell deployment Scenario #2b using the dual-strip apartment model with 8 floors and 2 small cells per building model randomly distributed.
 2.8


PRS power boosting

The PRS symbols are transmitted at full eNB output power, which corresponds to a power boosting (relative to CRS) of 10log6 dB [2]. Increasing the PRS transmit power increases hearability of neighbour cells, but at the same time influences the PRS inter-cell interference. If no muting is used, PRS power boosting has no or little impact on the hearability. This is shown in Figure 5 below.
Figure 5 shows the PRS SINR CDF for the 7 best sites for Scenario #1 with 4 small cells/cluster. The left hand side Figure 5 shows the case when no muting is used: The solid line shows the case with 0 dB power boosting, the dashed line the case with 10log6 dB power boosting. As can be seen from Figure 5 left hand side, power boosting has essentially no impact on the PRS SINR. This is because also the interference power is boosted, and the SINR essentially remains the same with and without power boosting. 
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Figure 5: 
PRS SINR statistics for the 7 best sites (Scenario #1 with 4 small cells/cluster). Left: No muting; Right: 16‑bit muting pattern. Solid line: 0 dB power boosting; dashed line: 10log6 dB power boosting.

The PRS SINR statistics for the same scenario but with muting is shown in Figure 5 right hand side. In this example, a random 16-bit muting pattern with 50% duty cycle is used. With muting, the PRS SINR is different for different positioning occasions, and the SINR is plotted for the best occasion within the repetition period Trep.
As can be seen from Figure 5, muting significantly improves the SINR (e.g., about 20 dB SINR improvement for the 7th best site). With power boosting, a further SINR improvement of about 5 dB can be observed. This is because muting (partly) removes PRS interference, and the scenario gets more noise limited. Increasing PRS power increases then the PRS SINR, as can be seen in Figure 5 right hand side.  

Therefore, if no muting is used, there is no need to simulate the case with no PRS power boosting. Muting and power boosting are Rel-9 OTDOA features (support for muting is mandatory for UEs since Rel-9 [4]), therefore, we do not see the need to simulate OTDOA baseline performance without power boosting.  
Proposal 8: 
There is no need to simulate OTDOA baseline performance with 0 dB power boosting.
3. 

Summary

In this contribution, we discussed the eight open issues listed in section 1 above for evaluating baseline positioning performance in indoor environments. We propose:
Proposal 1: 
For establishing baseline performance, perfect network synchronization is assumed. The impact of network synchronization accuracy on positioning performance should be studied and included in the TR [3] (e.g., in a dedicated section).

Proposal 2: 

At least one of the two scenarios should simulate more than 4 floors (e.g., 8 floors as in TR 36.873).

Proposal 3: 
Use Scenario #1 also as an inter-frequency scenario with 2 GHz carrier frequency for the macro-cells and 3.5 GHz for the small cells. For establishing baseline performance, perfect UE calibration accuracy is assumed. The impact of UE calibration accuracy on positioning performance should be studied and included in the TR [3] (e.g., in a dedicated section).

Proposal 4: 
Add a sparse small cell deployment Scenario #2b with only one or two small cells per building.

Proposal 5: 
The UEs are uniformly dropped across all floors within the building, for both, Scenario #1 and Scenario #2. 80% of the UEs are indoor and 20% UEs are outdoor (Note: For performance evaluation, positioning error is determined for the indoor UEs only).
Proposal 6: 
The macro eNB antenna heights are 25m + α (Scenario #1 and #2), and the small cell antenna heights are 10m + β (Scenario #1), with  and  uniformly distributed between [-5; 15] and [-5; 10] meters, respectively.
Proposal 7: 
Add a sparse small cell deployment Scenario #2b using the dual-strip apartment model with 8 floors and 2 small cells per building model randomly distributed.
Proposal 8: 
There is no need to simulate OTDOA baseline performance with 0 dB power boosting.
The proposals above are implemented in the simulation assumptions summarized in the Annex of this contribution, where the deviations from the working assumptions in [1] are highlighted in yellow. Scenario 2b is a new proposed scenario. 
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Annex

Scenario #1:  Outdoor Macro + Outdoor Small Cell

Scenario #2:  Outdoor Macro + Indoor Small Cell

Scenario #2b: Outdoor Macro + Indoor Small Cell (sparse) 

As summarized in the following Tables. 

Scenario #1: Outdoor Macro + Outdoor Small Cell

	Parameter
	Macro Cell
	Outdoor Small Cell

	Layout
	Hexagonal grid, 3 sectors per site, 7 or 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, 3.5 GHz

	Carrier Number
	1
	1, 2

	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)
	· 2 GHz Carrier Frequency:
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).


· 3.5 GHz Carrier Frequency:
For outdoor UEs: 0dB
For indoor UEs: 23dB+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
	3D according to TR36.819
	2D Omni-directional (baseline). 

Optional: 3D according to TR36.819

	Antenna Height
	25m + α
α: uniform random variable between [-5, 15] meter
	10m + β
β: uniform random variable between [-5, 10] meter

	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
	3D-UMi from TR 36.873

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

	Number of Clusters per Macro Cell Geographical Area
	1

	Number of Small Cells per Cluster
	4, 10

	Number of Small Cells per Macro Cell
	[4,10] × Number of clusters per macro cell geographical area

	UE Dropping
	The UEs are uniformly dropped across all floors within the building model as in Scenario #2. The building (UE cluster) does not overlap with the small cell cluster.

 80% of the UEs are indoor and 20% UEs are outdoor

	Radius for small cell dropping in a cluster
	50 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, 7 or 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
[image: image11.emf]15m

15m

20m

15m



	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). 
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
	3D according to TR36.819
	2D Omni-directional. 

	Antenna Height
	25m + α
α: uniform random variable between [-5, 15] meter 
	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, FFS on 8

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

80% of the UEs are indoor and 20% UEs are outdoor.

	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.


Scenario #2b: Outdoor Macro + Indoor Small Cell (sparse)
The following parameter apply on top of the Table above (Scenario#2):
	Parameter
	Macro Cell
	Indoor Small Cell

	Layout
	Hexagonal grid, 3 sectors per site, 7 or 19 Macro sites,
 ISD = 500m
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Based on dual-stripe urban model TR36.814.

	Distance-Dependent Path Loss
	3D-UMa O-to-I
(Table 7.2-1 in TR 36.873)
	SC-to-Indoor UE (same building):
PL (dB) = 38.46 + 20 log10R + 0.5*d2D,indoor +
                 18.3 n ((n+2)/(n+1)-0.46) + q*Liw

SC-to-outdoor UE:
PL (dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) +   

                 0.5*d2D,indoor +  q*Liw + Low

SC-to-Indoor UE (in a different building):
PL(dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) +

                 0.5*d2D,indoor + q*Liw + Low1 + Low2

R is the Tx-Rx distance in meter.

Low is the penetration loss of the outer wall.

d2D,indoor is the distance inside the building in meter.

Liw is the penetration loss of the inner wall

q is the number of penetrated inner walls.

n is the number of penetrated floors.

	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)
	Outerwall penetration loss:
Low=Low1=Low2=20dB. 

Innerwall penetration loss:
Liw =5 dB.

	Antenna Height
	25m + α
α: uniform random variable between [-5, 15] meter 
	3(nfl – 1) + 2.5m,  where nfl({1,2,3,4,5,6,7,8}

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

	Number of floors per building
	8

	Number of small cells per building (both strips)
	2

randomly dropped across all floors of the dual-strip building 
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