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1    Introduction
In RAN1#72bis, scenarios, antenna models and UE height dependent path loss model for UMa have been agreed.  In this contribution, we show initial calibration results based on the agreed working assumption.  We also provide our views on remaining details of LOS path loss breakpoint distance, scenarios and antenna modeling. 
2    Initial Calibration of UMa

To facilitate the evaluation of elevation beamforming and/or FD-MIMO, simulators need to be calibrated to ensure that they produce comparable results.  In [1], both downlink wideband SINR (a.k.a. “geometry”) and coupling loss distributions have been evaluated on a single antenna port.  In elevation beamforming and FD-MIMO scenarios, the eNB is equipped with a planar array with a matrix of antenna elements.  We compare both metrics for a single antenna element and for a single antenna port mapped by the agreed weighting.  The parameters used are listed in the Appendix.
In Figure 1, we show the CDF of coupling loss and the CDF of geometry when α = 1.1.  The results in [1] for the ITU UMa scenario are also provided as reference. As shown in the figure, coverage decreases as the vertical element spacing increases.  This is because large vertical element spacing leads to a narrow main lobe beam width.  In Figure 2, we compare the sensitivity of both metrics to α.  It shows that coupling loss is more sensitive to α than geometry.  Particularly, when vertical element spacing is 0.5λ, the impact of α on geometry distribution is negligible.  Hence, it is necessary to calibrate simulators with both metrics.  
· Proposal 1: Proponents calibrate their simulators by comparing both coupling loss and geometry distributions using parameters listed in Table 1.
	[image: image1.png]CDF

0.9

0.8

0.7

0.6

05

0.4

0.3

0.2

01

TR 36.814
a=11,M=1

a=11,M=10,d=0.5% ||
a=11,M=10,d=0.8%

-105
Coupling Loss [dB]

-75

-60




	[image: image2.png]CDF

0.9

N\

0.8

\\\\ \

0.7

0.6

05

0.4

0.3

0.2

01

TR 36.814
a=11,M=1

a=11,M=10,d=0.5%[]
a=11,M=10,d=0.8%
| |

-10

5

10
Geometry [dB]

I
15

20

25

30





	(a) Distribution of coupling loss.
	(b) Distribution of geometry.


Figure 1  CDFs of coupling loss and geometry when α = 1.1.
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	(a) Distribution of coupling loss.
	(b) Distribution of geometry.


Figure 2  CDFs of coupling loss and geometry for various α values.

3    Dependency of Breakpoint on UE Height

In RAN1#72bis, the path loss for 3D channel modelling has been discussed.  A working assumption as shown in Table 1 was agreed except PLb for LOS and 3D UMi PL.  In this section, we present our views on the PLb for LOS.

In ITU UMa scenario [1], PLb for LOS is characterized by a two-slope model.  In the two-slope model, the breakpoint distance is derived based on the Fresnel zone theory.  As shown in Figure 3, the breakpoint distance dBP is the horizontal separation at which the first Fresnel zone just touches the ground [5] (or the clutters). Since all UEs are located on the ground in the ITU UMa scenario, clutters in the environment are cars.  The impact of clutters can thus be well captured by a 1 m average environment height.  In the 3D scenarios, the Fresnel zone theory-based breakpoint definition is still valid.  But the clutters, or the average environment height, need to be modeled properly.  Note that the breakpoint is defined as a 2D distance.  
[image: image5.png]1* Fresnel Zone





Figure 3  Definition of breakpoint distance in ITU UMa scenario.

For the 3D UMa scenario, the eNB antenna is above the roof-top.  Depending on their location, indoor UEs may experience different outdoor clutter.  Assume an indoor UE is on the nfl-th floor and denote x as the total number of floors of builds in the environment.  If nfl <= min(x), then the breakpoint may be determined by both the LOS ray and the ground bouncing ray.  In such case, it is reasonable to keep the average environment height as 1m.  If nfl > min(x), then the rays bouncing from roof-tops of buildings lower than nfl floors need to be considered.  Hence, we can take the average height of lower buildings as the average environment height.  
· Proposal 2: Modify the breakpoint distance for PLb for LOS in UMa as follows.
· For nfl = 1, 2, 3, 4, dBP =4 h'eNB h'UE / λ, h'eNB = heNB – 1, h'UE = hUE – 1;
· For nfl = 5, 6, 7, 8, dBP =4 h''eNB h''UE / λ, 
h''eNB = heNB – 1.5(nfl + 3), h''UE = hUE – 1.5(nfl + 3);
In the email discussion after RAN1#72bis, it was agreed that the free space propagation formula up to the breakpoint distance and the slopes need not be modified and the continuity at the breakpoint should be kept.  For nfl = 5, 6, 7, 8, the PLb for LOS after breakpoint distance needs to be modified as
PLLOS (d, hUE) = 40 log10(d) + 7.8 – 18 log10(h''eNB) – 18 log10(h''UE) + 2 log10(fc), for dBP < d < 5000 m.
4    UE Dropping for Performance Evaluation
In [3], it is agreed that uniform UE dropping without explicit building modeling is for calibration purpose only in the 3D channel model SI.  This non-explicit building modeling may be revisited for evaluating relative performance of elevation beamforming/FD-MIMO.  It can be readily seen that current implicit indoor UE dropping model may leads to some “unrealistic” scenarios.  As show in Figure 3(a), if buildings are not explicitly modeled, there might be multiple indoor UEs in the vicinity of an outdoor UE and vice versus.  
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	(a) Dropping UEs without explicit buildings.
	(b) Dropping UEs with explicit buildings.


Figure 3  Dropping UEs without explicit buildings may lead to “unrealistic” scenarios.  Indoor UEs are denoted by red dots and green dots stand for outdoor UEs.

Besides the reality issue, the UE height is spatially uncorrelated without dropping buildings.  As a consequence, the elevation beamforming gain may be overestimated. Both issues can be addressed by explicitly modeling the buildings as shown in Figure 3(b).

Considering that multi-floor UE dropping has been thoroughly discussed for femto-cell evaluation and that a dual-stripe apartment model is well defined in [2], we propose the following:

· Proposal 3: Reuse the dual-stripe model to drop multi-floor indoor UEs for both UMi- and UMa scenarios.

More specifically, we propose the following detailed steps for UE dropping:

· Step 1: Within each cell (3 sectors), drop M dual-stripe blocks of apartment.  As shown in Figure 1, each dual-stripe block has two stripes of apartments.  Each stripe has 2-by-N apartments.  Each apartment block has L floors.  L is randomly drawn from {Lmin, Lmin + 1, …, Lmax}, where Lmin and Lmax are the minimum- and maximum number of floors, respectively.  The dimension of each apartment is 10m x 10m x 3m.  There is a street between two adjacent stripes.  The street width is 10m.  
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Figure 4: Illustration of a dual-stripe apartment block.
· Step 2: Drop x% outdoor UEs on a fixed height on the ground, i.e. the antenna height of the outdoor UE is hUE = 1.5m.
An outdoor UE should not be located within any apartment.

· Step 3: Drop y% indoor UEs on different floors, where y = 100 –  x.
To drop an indoor UE, first randomly select an apartment in a building block dropped in Step 1.  Then, randomly assign a horizontal position of the UE within in the selected apartment.  The indoor UE antenna height is given by hUE = (3 (nfl – 1) + 1.5) m, where nfl = 1, 2, …, L, is the number of floors of the selected apartment.

The parameters (Lmin, Lmax, M, N) may be different for different scenarios.  An example is given in Table 1.

Table 3‑1  Dual-stripe model parameters for UMi and UMa.

	Scenario
	Lmin
	Lmax
	M
	N
	y

	UMi
	4
	8
	2
	3
	80

	UMa
	4
	8
	2
	5
	80


5    Remaining Details of Antenna Modeling
In order to make a fair comparison of various MIMO schemes, antenna array models need to be defined properly.  Basically, there are two methods to model the antenna array, 

·  (Port-based modeling) Modeling the pattern and gain of each antenna port and its effective geometrical location of each antenna port; and

·  (Element-based modeling) Modeling the pattern and gain of each array element, the physical geometrical location of each array element, and the mapping between antenna ports and elements.
In [1], the port pattern is defined for performance evaluation of prior releases, while recently the element-based approach is adopted by RAN4 in [2] to define active antenna arrays (AAS).  In [4], 2D antenna array structure and the antenna element pattern are agreed.  Essentially, both modeling methodologies are equivalent.  The element-based modeling provides a low-level abstraction of the antenna system which allows precise control of the synthesized beam pattern.  However, channels between each pairs of TX/RX antenna elements need to be maintained during the simulation.  The port-based model, on the other hand, simplifies the simulation effort by fixing the mapping between elements and ports.  Since fixed weights are used to map antenna elements to antenna ports, it is unnecessary to maintain the channel for each antenna element.  Instead, the channel can be maintained on a per-antenna-port basis.  It is beneficial for legacy schemes and elevation beamforming where the number of antenna ports is much smaller than the number of antenna elements. 
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 planar array with identical elements as shown in Figure 5.  Denote the horizontal- and vertical element spacing as [image: image12.png]
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, respectively.  Denote the element field pattern as [image: image16.png]c(ep.8)
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Figure 5  Illustration of planar array.
The steering vector of the array is
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, 
where 
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, 
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 stands for the Kronecker product.  
Assume that a linear mapping,[image: image29.png]fo =veclF, ).




 is employed to transform the [image: image31.png]M xN



-element array to antenna port[image: image33.png]
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 is complex valued weighting applied to the [image: image39.png](m,n)



th element to synthesize port p.  
From the UE’s perspective, the effective field pattern of the antenna port p is
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Note that [image: image42.png]a’ (¢.8)f»



 is a complex scalar. Hence, the effective port pattern [image: image44.png](¢.68)




 can be used in place of element pattern, which significantly simplifies the simulation.

· Proposal 4: For the sake of simplicity, channels are generated on a per-antenna-port basis for legacy MIMO and elevation beamforming evaluations.

6    Conclusion

In summary, this contribution has made the following proposals: 
· Proposal 1: Proponents calibrate their simulators by comparing both coupling loss and geometry distributions using parameters listed in Table 1.

· Proposal 2: Modify the breakpoint distance for PLb for LOS in UMa as follows.

· For nfl = 1, 2, 3, 4, dBP =4 h'eNB h'UE / λ, h'eNB = heNB – 1, h'UE = hUE – 1;
· For nfl = 5, 6, 7, 8, dBP =4 h''eNB h''UE / λ, h''eNB = heNB – 1.5(nfl + 3), h''UE = hUE – 1.5(nfl + 3);
For nfl = 5, 6, 7, 8, the PLb for LOS after breakpoint distance is modified to keep the continuity.
· Proposal 3: Reuse the dual-strip model to drop multi-floor indoor UEs for both UMi- and UMa scenarios.
· Proposal 4: For the sake of simplicity, channels are generated on a per-antenna-port basis for legacy MIMO and elevation beamforming evaluations as well.
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Appendix
Table 1  Parameters for UMa calibration.

	Parameter
	Value

	Layout
	Hexagonal grid, 19 micro sites,3 sectors per site

	Deployment scenario
	Urban Macro cell with high UE density

	BS antenna height
	heNB = 25 m

	Total BS Tx power
	46/49 dBm for 10/20 MHz

	Min. UE-eNB distance
	35 m

	Carrier frequency 
	2 GHz

	UE dropping 
and height model
	UEs are uniformly distributed in the cell.  The UE antenna height is modelled as hUE = 3(nfl – 1) + 1.5 m.
· For outdoor UEs, nfl = 1; 
· For indoor UEs, nfl is uniformly distributed in {1, 2, …, x}, where x is the number of floors.  
· The number of floors is uniformly distributed with an average and variation range;

· Average number of floors is 6;

· Variation range is {-2, -1, 0, 1, 2}.

	Indoor UE fraction
	80%

	Path loss model
	· For outdoor UEs,

PLLOS (d, hUE) = 22.0 log10(d) + 28.0 + 20 log10 (fc), for 10m < d < dBP

PLLOS (d, hUE) = 40 log10(d) + 7.8 – 18 log10(h'eNB) – 18 log10(h'UE) + 2 log10(fc), for dBP < d < 5000 m;

PLNLOS (d, hUE) = 161.04 – 7.1 log10 (W) + 7.5 log10 (h) – (24.37 – 3.7(h/heNB)2) log10 (heNB) 
                   + (43.42 – 3.1 log10 (heNB)) (log10 (d) ( 3) + 20 log10(fc) 
                   – (3.2 (log10 (11.75 hUE))2 ( 4.97), for 10 m < d < 5 000 m, 

where d is 3D distance in meters between the eNB and the UE, fc is the carrier frequency in GHz, h = 20 m, W = 20 m, hUE = 1.5m, h'eNB = heNB – 1.0, h'UE = hUE – 1.0, dBP =4 h'eNB (1.5 – 1.0) / λ, λ is the wavelength at fc.

· For indoor UEs,  PL(d) = PLb(d) + PLtw + PLin, where PLtw = 20 dB, PLin = 0.5 din, din = Uniform(0, 25),
For LOS: PLb (d) = PLLOS (d)

For NLOS: PLb (d) = max(PLNLOS (d, 1.5) – α (hUE  – 1.5), PLLOS (d, hUE)), α in {0.6, 0.9, 1.1, 1.5}.

	eNB antenna 
element pattern
	Combined pattern: 
AE(φ, θ) = GE, max – min{– [AE, H (φ) + AE, V (θ)], Am}, GE, max = 8 dBi
Horizontal pattern: 
AE, H (φ) = – min{12(φ / φ3dB)2, Am} dB, φ3dB = 65°, Am = 30 dB

Vertical pattern: 
AE, V (θ) = – min{12[(θ – 90°)2 / θ3dB)2, SLAv} dB, θ3dB = 65°, SLAv = 30 dB

	Port weighting
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, m = 1, 2, …, K, K in {1, M}, M = 10, θetilt = 12°, dv in {0.5 λ, 0.8 λ}.
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