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1
Introduction
At RAN1#72 the following has been agreed regarding scenarios for elevation beamforming and FD-MIMO [1]:
· Urban Micro cell with high (outdoor/indoor) UE density

· Base station is below surrounding buildings
· Multi-floor UE dropping in buildings modelled
· Urban Macro cell with high (outdoor/indoor) UE density
· Base station is above surrounding buildings
· Consider two options for indoor UE: single-floor indoor UE and multi-floor indoor UE modelling
· Models taking multi-floor indoor UE into account should be developed
· Second priority
· Indoor hotspot with high UE density
· Focus on single-floor scenario.
· Rural scenario
· Outdoor/Indoor user dropping: 
· x% outdoor UEs on a fixed height on the ground plane
· y% indoor UEs on different floors
· x + y = 100.
· Outdoor user dropping:
· Users are dropped on a fixed height on the ground plane.
· FFS Users are dropped on a fixed height on a hilly terrain.

· Indoor user dropping:
· 3D Locations of UEs are related to building locations and heights. 
· Details of building dropping modeling for UE dropping

· Details such as floor height, building location/height distribution needed

· Macro-pico scenarios for Hetnet FFS

· Azimuth-adaptable or (Azimuth+Elevation)-adaptable antennas for Macro/Pico.

· Pico: outdoor only or indoor/outdoor mix

In this contribution, we discuss remaining details of indoor UE dropping in both Urban Micro- and Macro cells.
2
Multi-Floor UE Dropping
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 1: 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 1: 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 = (1.5 + 3.0 (l – 1)) m, where l = 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 1  Dual-stripe model parameters for UMi and UMa.

	Scenario
	Lmin
	Lmax
	M
	N
	y

	UMi
	6
	8
	4
	3
	80

	UMa
	3
	6
	4
	5
	50


3
Path Loss Model

The path loss model for UMi scenario in [3] already accounts for the outdoor-to-indoor penetration loss as well as the impact of variation of UE antenna height due to multi-floor dropping.  So, we may reuse that path loss model for UMi scenario.  Note that in the path loss model in [3], if a UE is indoor, the distance from its location to the wall, which is denoted as din, is uniformly randomly drawn within the range [0, 25] (m).  However, with the dual-stripe model, the maximum distance to the wall should not be larger than 10m.  Hence, we propose a slightly tuned path loss model for UMi scenario, as shown in Table 2, where PLLOS is the path loss for outdoor UEs with LOS propagation condition, PLNLOS is the path loss for outdoor UEs with NLOS propagation condition, fc is the centre frequency in GHz.  The effective antenna heights h'eNB = heNB – 1.0 m and h'UE = hUE – 1.0 m, where heNB is the eNB antenna height.   The break point distance dBP = 4 × 109 h'eNB h'UE fc / c, where c = 3.0 × 108 m/s is the propagation velocity in free space.  For indoor UEs, dout + din is the distance between the indoor UE and the eNB, PLout is the outdoor path loss, which is given either by PLLOS (dout + din) or by PLNLOS (dout + din) based on the outdoor propagation condition,  PLtw is the through-wall penetration loss.
Table 2  Proposed path loss model for UMi scenario.

	
	Path loss [dB]
	Applicable range

	LOS
	PLLOS (d) = 22.0 log10(d) + 28.0 + 20 log10 (fc)
PLLOS (d) = 40 log10(d) + 7.8 – 18 log10(h'eNB) – 18 log10(h'UE) + 2 log10(fc)
	10m < d < dBP
dBP < d < 5000 m

	NLOS
	PLNLOS (d) = 36.7 log10(d) + 22.7 + 26 log10(fc)
	10m < d < 2000 m

	O-to-I
	PLo2i (d) = PLout (dout + din) + PLtw  + 0.5din, PLtw  = 20dB
	10m < dout + din < 1000m, 0m < din < 10m


· Proposal 2: For 3D UMi scenario, reuse the ITU UMi path loss mode in [3] and replace the applicable range of din by [0, 10] (m).
In the ITU UMa scenario, both LOS and NLOS path loss model already take the UE antenna height into account.  Hence, it can be reused in the 3D context, when multi-floor indoor UE drop is considered.  Notice that in the UMi path loss model the outdoor-to-indoor path loss is comprised of three parts:

· The outdoor path loss, either LOS or NLOS,

· The fixed penetration loss, and

· The indoor path loss.

Consider that neither penetration loss nor the indoor path loss is relevant to outdoor propagation, we may follow the same methodology to introduce an outdoor-to-indoor path loss model for the 3D UMa scenario.
· Proposal 3: For 3D UMa scenario, reuse the ITU UMa path loss model in [3] for outdoor UEs and use the UMi outdoor-to-indoor path loss model for indoor as shown in Table 3.
· Table 3  Proposed path loss model for UMa scenario.

	
	Path loss [dB]
	Applicable range

	LOS
	PLLOS (d) = 22.0 log10(d) + 28.0 + 20 log10 (fc)

PLLOS (d) = 40 log10(d) + 7.8 – 18 log10 (h'eNB) – 18 log10(h'UE) + 2 log10 (fc)
	10m < d < dBP

dBP < d < 5000 m

	NLOS
	PLNLOS (d) = 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)
	10m < d < 5000 m
W = 10m
h = 1.5 (Lmin + Lmax) (m)

	O-to-I
	PLo2i (d) = PLout (dout + din) + PLtw  + 0.5din, PLtw  = 20dB
	10m < dout + din < 1000m, 0m < din < 10m


Accordingly, the small-scale fading model for those indoor UEs in 3D UMa scenario also needs to be addressed.  We may reuse existing small-scale fading models.  In fact, the small-scale fading parameters of UMi outdoor-to-indoor case is obtained by merging both scenario B4 (outdoor-to-indoor urban micro-cell) and Scenario C4 (outdoor-to-indoor urban macro-cell) in [4].  Hence, we propose that
· Proposal 4: Reuse small-scale fading model defined for ITU UMi outdoor-to-indoor for the 3D UMa indoor users.

4
Mobility Model

In ITU UMa scenario, all UEs are in vehicles at a speed of 30km/h.  In case of 3D UMa scenario, y% of UEs is dropped indoor.  We propose to assume indoor UEs moving at a pedestrian speed of 3km/h.  

· Proposal 5: For 3D UMa scenario, the moving speed of indoor UEs is fixed at 3km/h; the moving speed of outdoor UEs is FFS.
5
Conclusion

In summary, this contribution has made the following proposals: 
· Proposal 1: Reuse the dual-stripe model to drop multi-floor indoor UEs for both UMi- and UMa scenarios.

· Proposal 2: For 3D UMi scenario, reuse the ITU UMi path loss mode in [3] and replace the applicable range of din by [0, 10] (m).
· Proposal 3: For 3D UMa scenario, reuse the ITU UMa path loss model in [3] for outdoor UEs and use the path loss model in Table 2.
· Proposal 4: Further study the applicability of reusing small-scale fading model defined for ITU UMi outdoor-to-indoor for the 3D UMa indoor users.

· Proposal 5: For 3D UMa scenario, the moving speed of indoor UEs is fixed at 3km/h; the moving speed of outdoor UEs is FFS.
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