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Introduction
This paper presents the initial evaluation results of the geometry and the coupling loss of 3D-MIMO UMa and UMi deployment scenarios. In RAN1 72bis [1], it was agreed in [2] that two evaluation scenarios based on urban macrocell and urban microcell environments with high UE density are to be used for calibration. The evaluation assumptions are summarized in Table 4 in the Appendix. 

It was further agreed in RAN1 73 [3] to divide the evaluation cases into three phases, of which phase 1 includes the geometry and coupling loss and elevation related parameters without modelling of fast fading. 
The agreement on path-loss and antenna modelling for phase 1 calibration are summarized in Table 1.

Table 1: Agreement on pathloss and antenna modelling for phase 1 calibration

	
	UMa
	UMi

	Distances
	2D distance is replaced by 3D distance for calculating pathloss expressions

2D distance used for LoS probability and environment height calculation

	LoS probability
	PLoS 3D UMa= f(d,  hUE ) 
	PLoS 3D UMi = PLoS ITU-UMi

	Environment Height
	he = f(d, hUE): f can be deterministic or stochastic
	he = 1 m (same as ITU model )

	PLUMi, NLOS
	Height dependent: 

· Height gain α = [0.6][0.9].


	Height dependent:                             

· Linear or non-linear function of height and distance

	Antenna Modeling
	2D antenna array:

· M = 10, K = {1, 10}. 

· 
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· Complex weight for antenna element n        
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· Vertical antenna spacing dv = {0.5 λ, 0.8 λ}
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UMa with High UE Density
In this section, we present coupling loss and downlink wideband SINR results for the UMa deployment scenario. 
2.1 LOS Probability 

We compare for the PLoS expression, the LoS probability from Table B.1.2.1-2 of TR 36.814 [4], with the modified pathloss expression proposed in [5] to include dependence of PLoS on the UE height hUE.
Table 2: UMa PLoS models considered

	ITU-model
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	Modified LoS in [5]
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Figure 1: Coupling loss for indoor UEs for two different PLoS expressions

Figure 1 shows the coupling loss of the indoor users for the default and the modified PLoS. We divide the indoor users into two categories: users on the lower floors nfl = {1,2,3,4}, and users on the upper floors nfl = {5,6,7,8}. The modified PLoS affects the users in the higher floors, especially the UEs on the 8th floor. The PLoS increases with the increased UE height, which results in improved coupling loss.  

Proposal 1: A modified line-of-sight probability that takes into account the UE height better models the realistic case of having more LoS links for the users in higher floors. The modified LoS should be used for subsequent evaluation phases.
2.2 LoS Path Loss and Breakpoint Distance 

For the LoS breakpoint distance, we compare different effective environment height expressions in [5], [6], [7], [8], [9]. The breakpoint distance 
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For the UMi and UMa evaluation scenarios, the effective environment height is set at 1 m.  Keeping the same average environment height for the 3D evaluations, however, is not feasible as it does not take into account the reflection over the rooftops in addition to the reflections from the street. Fixing 
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= 1m further exceeds the 5000 m range of the path-loss expressions in Table B1.2.1-2 in [4]. Several proposals have been made for modifying 
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 as a function of UE height. They are summarized in Table 3.

Table 3: Different average environment height proposals considered

	Deterministic
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Figure 2: Coupling loss of indoor UEs for different average environment height expressions
Figure 2 shows the coupling loss for the different environment heights proposed for the indoor users in the lower floors nfl = {1,2,3,4} and higher floors nfl = {5,6,7,8}. The environment heights, as long as they do not exceed the applicability range of the breakpoint distance
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, yield equivalent coupling loss performance for the UEs.
The stochastic environment height proposed in [5] does not guarantee that the breakpoint distance does not exceed the applicability range of 5000m. A modified path-loss expression may be required to deal with the case when the UE is located in higher floors but not in LoS from above buildings.

Proposal 2: Expressing the environment height as a deterministic function of the UE height is a preferable approach to calculate the breakpoint distance. 

2.3 Number of Antenna Elements per Array 

We assume, for the simulations in this subsection, an average environment height equal to 
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. We also assume the modified LoS probability expression [5].
Coupling loss and downlink wideband SINR results are presented in Figures 3 and 4, respectively, considering a single antenna port transmission and K antenna elements per antenna port. Two cases, K = 1, and K = 10, are plotted assuming 60 users per sector and 
[image: image28.wmf]tilt

q

 = 96.
Figures 3 and 4 shows the effect of increased array gain on improving the received signal strength at the UE, by increasing the base station antenna gain. This is clear in the coupling loss figure. The effect on geometry is however limited, as the gain from all the base stations is comparably increased, and there is no inter-cell interference cancellation effect.
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Figure 3: Coupling loss distribution for UMa scenario with 
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Figure 4: Geometry Distribution for UMa scenario with 
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 = 96 and # of UEs per sector = 60
Figures 3 and 4 also plot the coupling loss and geometry results using the ITU model in 36.814 with 3D user dropping and 3D distances. The figures clearly show the gains of the 3D MIMO channel model over the ITU model in terms of coupling loss. For the geometry curves, the difference seems to be less significant than the coupling loss difference, and it might be mainly caused by the antenna gain side lobes as shown in Figure 5. 
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Figure 5: Antenna gain comparison for 90 degree antenna tilt and K = 10, 0.5 λ
Observation 1 Increasing the number of vertical antenna elements per port (K = 10 versus K = 1) improves the coupling loss for 3D MIMO UMa.

Observation 2: The geometry of both antenna patterns (K= 1 and K = 10) is overlapped. 
Observation 3: The impact on geometry is small when comparing different antenna configurations and ITU model. 
2.4 Vertical Antenna Spacing 

Figure 6 plots the coupling loss for two different values of vertical antenna spacing, 0.5λ and 0.8λ, respectively. The figure shows that the coupling loss degrades when increasing the antenna element spacing.  
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Figure 6: Coupling loss distribution for UMa scenario. Comparison of different vertical antenna spacings

Observation 4: As the vertical antenna spacing increases from 0.5λ to 0.8λ, the coupling loss degrades.
2.5 Linear Height Gain for NLoS Path-Loss 

Figure 7 plots the geometry for different values of the coefficient of the linear decrease with height of the non-line-of-sight path-loss. A lower value of α is preferable from a geometry point of view.
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Figure 7: Geometry of users for different values of α
Observation 5: Increasing the coefficient for the linear decrease as a function of UE height from α = 0.6 to α = 1.1 slightly decreases the geometry of the users. 

2.6 Electrical Downtilt Angle 
Figures 8 and 9 show, respectively, the coupling loss and geometry results obtained from varying the antenna downtilt angle θtilt = {96, 99, 102} for an antenna spacing equal to 0.5λ. The figures show that increasing the downtilt angle has a degrading effect on the coupling loss, but improves the geometry of the users. This implies that increasing the downtilt degrades the coverage of the macrocells, but improves the inter-cell interference reduction. As it was agreed in RAN1 73 that the value of the θtilt is not to be optimized, and if the group were to choose one value of θtilt  to consider for phase 2 and phase 3 calibrations, a value lower than θtilt = 102 should be chosen to limit the excessive loss in coupling loss.
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Figure 8: Coupling loss for different downtilt values for K = 10 and 0.5λ antenna spacing
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Figure 9: Geometry for different downtilt values for K = 10 and 0.5λ antenna spacing
Observation 6: Increasing the downtilt angle has a degrading effect on the coupling loss, but improves the geometry of the users.
Proposal 3: A value of θtilt that is lower than 102 should be chosen for phase 2 and phase 3 calibrations.
3 
UMi with High UE Density

In this section, we show the coupling loss and geometry calibration results for the 3D-MIMO UMi model assuming an effective environment height of 1m and the same line-of-sight probability as the ITU model in [4].

For the NLOS path-loss expression, we assume the linear NLOS pathloss model proposed in [8]. The models proposed in [5] and [8], yield approximately the same coupling loss and geometry results.

Figures 10 and 11 shows the effect of increased array gain on improving the received signal strength at the UE, by increasing the base station antenna gain. This is clear in the coupling loss figure. The effect on geometry is however limited, as the gain from all the base stations is comparably increased, and there is no inter-cell interference cancellation effect.  This is similar to the 3D-MIMO UMa behavior.
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Figure 10: Coupling Loss for 3D UMi for two different values of K (K=1, K =10)
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Figure 11: Geometry for 3D UMi for two different values of K (K=1, K = 10)
Observation 7: Increasing the number of vertical antenna elements per port (K = 10 versus K = 1) improves the coupling loss for 3D MIMO UMi.
4

Conclusion
In this contribution, we made the following observations.

Observation 1: Increasing the number of vertical antenna elements per port (K = 10 versus K = 1) improves the coupling loss for 3D MIMO UMa and UMi.

Observation 2: The geometry of antenna patterns (K = 1 and K = 10) is overlapped. 

Observation 3: The impact on geometry is small when comparing different antenna configurations and ITU model. 

Observation 4: As the vertical antenna spacing increases from dv = 0.5λ to dv = 0.8λ, the coupling loss degrades.

Observation 5: Increasing the coefficient for the linear decrease as a function of UE height from α= 0.6 to α= 1.1 slightly decreases the geometry of the users. 
Observation 6: Increasing the downtilt angle has a degrading effect on the coupling loss, but improves the geometry of the users.

Based on the observations, we proposed the following.
Proposal 1: A modified line-of-sight probability that takes into account the UE height better models the realistic case of having more LoS links for the users in higher floors. The modified LoS should be used for subsequent evaluation phases. 
Proposal 2: Expressing the environment height as a deterministic function of the UE height is a preferable approach to calculate the breakpoint distance. 
Proposal 3: A value of θtilt that is lower than 102 should be chosen for phase 2 and phase 3 calibrations.
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Appendix 

Table 1. Simulation assumptions.

	
	
	Urban Micro cell with high UE density
	Urban Macro cell with high UE density

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

	UE mobility
(movement

In horizontal plane)
	
	3kmph
	3kmph

	BS antenna height
	
	10m 
	25m 

	Total BS Tx Power
	
	41/44 dBm for 10/20MHz
	46/49 dBm for 10/20MHz

	Carrier frequency
	
	2 GHz 
	2 GHz 

	Min. UE-eNB 2D distance
	
	10m [other values FFS] 
	35m

	UE height model
	general equation
	hUE=3(nfl – 1) + 1.5m
	hUE=3(nfl – 1) + 1.5m

	
	nfl for outdoor UEs
	1
	1

	
	nfl for indoor UEs
	Replaced by WA 
	Replaced by WA 

	Indoor UE fraction
	
	80%
	80%

	Pathloss 
	Indoor UE 2D distance from external building wall din for pathloss determination
	uniform(0,25m)
	uniform(0,25m)
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