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Introduction 

Within the Study Item on 3D-channel model for Elevation Beamforming and FD-MIMO studies for LTE, the pathloss characteristics in the elevation domain are to be studied  [1]:
· Identify modifications to the 3GPP evaluation methodology needed to support the proper modeling and performance evaluation for the scenarios identified being typical:
· Modeling a two dimensional array structure at the eNodeB including any modifications to the antenna patterns (taking relevant RAN4 work into account)
· 3-dimensional channel modeling including the multipath fading characteristics in both elevation and azimuth
· Identify the need for defining a new way of modeling the location of outdoor and indoor UEs within a sector in both the horizontal and vertical domains.
· Identify the need for defining a new way of modeling the mobility of outdoor UEs in both the horizontal and vertical domains.
· The study will consider as a starting point the ITU channel model as described by the combination of A2.1.6 and Annex B in 36.814 and determine the additions that are needed to properly model the elevation dimension of the channel to fit the elevation beamforming and FD-MIMO purposes. Work done outside 3GPP (WINNERII/WINNER+, channel modeling documentation available in public domain) can be used.

This contribution presents a state of the art on Antenna Height Correction Factor (AHCF). AHCF represents the gain as function of the user antenna height that is added to a path loss model defined at street level. The literature review focuses on the urban outdoor environment (BS outdoor, UE outdoor) in NLOS conditions. Some references for the urban outdoor-indoor (BS outdoor, UE indoor) environment are also provided. The proposed AHCF can be applied to both cases.
Path loss models with AHCF

COST231-Hata and ITU-UMa  

The COST231-Hata [2] and ITU-UMa [3] models use AHCFs defined in [4] that were empirically derived from measurements reported in [5]
For metropolitan areas

 	(1)

For small and medium cities

 	(2)
AHCF are ranged from 0.6 dB/m to 3 dB/m depending on the urban environment type but unfortunately, [4] did not specify what are metropolitan areas or medium cities (average rooftop level, building density, etc).
COST-WI 

The COST-WI [2, 6] uses the AHCF defined in [7] that is theoretically derived from the knife-edge diffraction loss according to the Huygens principle. The AHCF is deduced by assuming that the electromagnetic wave travel from rooftop level to street level through diffraction over upper building edges as shown in figure 1. The reference level is located on building rooftop and the excess loss EL compared to this reference level is approximated by (3):

	(3)
 with H is the rooftop level and hMS is the user antenna height. K is a constant that depends on the frequency or environment parameters such as the street width. 
The AHCF applied to a PL model defined at street level is given by (4):

	(4)
with hstreet the street level. 
[image: ]
Figure 1: Diffraction by horizontal upper building edges

A similar approach is presented in [8]. The diffraction loss is calculated according the Uniform Theory of Diffraction (UTD) / Geometrical Theory of Diffraction (GTD) and a simplified excess loss is proposed:

 	(5)

 	(6)
K1 and K2 are constants depending on the frequency. Equation (6) and (7) are very close to equation (3).  [8] also proposes an excess loss based on multiwall reflections that seems to be more adapted for a light urban environment with a base station antenna well above the rooftop level. This model part is not considered in this document. 
Depending on the rooftop level and the antenna height, the AHCF could be approximated by a linear increase between 0.5 and 1.5 dB/m. These approximations are no longer valid when the antenna is slightly below or above the rooftop level. The transition between LOS conditions and NLOS conditions creates rapid signal strength variation (2 dBs/m or more).
Figure 2 shows the correction function given for the above mentioned models. The reference level is at 1.5 meters. The frequency is equal to 2.2 GHz. 
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Figure2: Path loss gain as a function of the receive antenna height

Measurements

Webb et al. [9 ] presents a measurement-based study related to BS-RS link. The relay antenna height varies only in the range from 2 m to 5 m with 1 m steps. This study proposes an antenna height correction factor modeled by log-linear or linear function with an attenuation of about 2 dB/m. 

[10] used signals from an operational 3G network and compared the received power at 2.4 and 5 m. They found a difference of 1.7 dB, which corresponds roughly with a 0.6 dB/m linear attenuation. 

Reference [11] shows a 10 dB path loss reduction when the receive antenna is raised from 6 m to 10 m. The high path loss gain may be explained by nearly LOS conditions experienced by the receiver at 10 meters.

[12] reports measurement results in a moderate urban environment with building height about 7 meters and a BS antenna height about 30 meters. Some examples show path loss variation between 2 dB/m and 4 dB/m. These values are significantly higher than all other values reported in the literature. They may be representative for the transition between LOS and NLOS conditions as it was the case for reference [11].

The antenna heights measured in [13] varied from 5 to 25 meters (8 m above the average building height). For low antenna height, the linear increase is about 1 dB/m but increases up to 4 dB/m when the receiver is located a few meters below the rooftop level.

Similar measurements were presented in [14] with an antenna height varying from 2 meters to 12 meters (5 meters below the rooftop). A good agreement is found with the COST-WI model that can be approximated by a linear increase of 0.9 dB/m. [14] also illustrates experimentally that the path loss exponent depends very slightly on the antenna height.

The radio coverage inside buildings is generally inhomogeneous due to the non-regular internal architecture but building can be considered as a simple attenuator from a macroscopic point of view. Consequently, the literature review was extended to the outdoor-indoor environment. Generally, the path loss gain is expressed as a function of the floor number but can be approximately converted in dB/meter by taking account the averaged floor height. Path loss gain is generally comprised between 0.5 and 1 dB/m. [15-19]. 


Proposed AHCF

Based on the abovementioned theoretical approaches and experimental observations in urban environment with NLOS conditions, AHCF may be modeled as follow: 

 	(7)
AHCF is null at street level where the original PL model is defined.
Figure 3 plots the AHCF with α equal to 22 at various UE antenna heights and shows different linear approximations. The AHCF can be approximated by a linear function with a slope between 0.5 dB/m and 2 dB/m. These lower and upper bounds correspond with an average rooftop level of about 10 and 40 meters.  The value 1.1 dB/m was proposed in [20]. The value 0.9 dB/m is given in [14] and was estimated in a medium size city with 4-5 floors buildings. 
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Figure3: Path loss gain as a function of the receive antenna height and average building height

Conclusion

Observation: According to the literature review, in an urban environment with NLOS conditions:
The path loss decreases with the UE antenna height. This variation ranges between 0.5 dB/m and 2 dB/m. Values higher than 2 dB/m occurs when the UE is at the limit between NLOS and LOS conditions
Proposal: For the macro urban environment in NLOS conditions, the path loss variation with the UE antenna height is modeled as 0.9 dB/m. 
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