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1. Introduction

At the RAN1 #73 meeting, methodologies for 3D channel modeling were discussed and the following agreement was reached with respect to height dependency for the pathloss model.
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In this contribution, we further investigate the UE height dependency on the NLOS pathloss and LOS probability for a UMa environment based on measurement and ray tracing results.
2. Height Dependency on NLOS Pathloss
In the past meetings, scenarios for 3D MIMO were discussed and it was agreed that UEs are to be distributed onto multiple floors to evaluate accurately the effect of beamforming on the elevation angle. Since current scenarios focus on an urban environment, it is assumed that the number of floors in a building in which UEs are distributed is comparatively high such as eight. Although height dependency is considered in the current basic pathloss equation, the applicable range of the UE height is limited to 1-2.5 m and 1-10 m for UMi and UMa, respectively, in a NLOS environment. This is not sufficient for modeling 3D MIMO assuming an urban environment.
For a UMa environment, it was concluded that the height gain is considered using linear compensation factor . There are a number of investigations on the effect of the UE height on the pathloss in a UMa environment, i.e., eNB antennas are higher than surrounding buildings [1-4]. In [1], it is reported that the height gain is 1.5–2 dB/floor when the story height is less than 4 m, and 4–7 dB/floor when the story height is 4–5 m [1]. In addition, [2] states that the height gain coefficient is 0.6 dB/m with the carrier frequency between 800 MHz and 8 GHz, based on measurements of 71 floors among 17 buildings. In addition, it was pointed out that the NLOS pathloss should be converged to LOS pathloss when a UE goes up to the height of the highest building, i.e., 24 m. Fig. 1 shows the UMa NLOS pathloss as a function of the 2D distance between the eNB and UE for different values of . The figure shows that there is an inverse relationship between the pathloss for the NLOS environment with the  of 0.9 and that for the LOS environment, i.e., the path loss for the NLOS environment is lower than that for LOS environment, up to a distance of approximately 100 m. From the investigations above, height gain, , can be 0.6 for UMa NLOS environment.
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Figure 1 – UMa NLOS pathloss for different height gains
In addition, several companies noted that the height dependency using a linear model cannot simply be applied to a UMi NLOS environment [5-7]. More specifically, it was presented that NLOS UEs higher than the clutter height (NLOS 2 in Fig. 2) receive the dominant path via rooftop diffraction and the height dependency is different from the NLOS UEs lower than the height of the clutter height (NLOS 1 in Fig. 2) that receive the dominant path from around buildings. However, NLOS 2 UEs are limited where UEs are NLOS and all the buildings between the eNB antenna and UE are lower than the UE height. Although the amount of investigation on height dependency in a UMi environment is limited [8], it might be possible to model this situation using a linear gain as in UMa.
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Figure 2 – Effect of building clutter in UMi environment
Observation 1: Height gain coefficient  can be 0.6 dB/m for UMa NLOS environment.

Observation 2: Pathloss for a UMi NLOS environment can also be modelled using linear height gain.
3. Height Dependency on LOS Probability for UMa Environment
3.1. Modeling of LOS probability
In the 3D MIMO scenario, it is assumed that the indoor UEs are distributed on multiple floors and it is considered that the LOS probability increases according to the UE height. In Fig. 3, we show two cases for the LOS environment, i.e., types 1 and 2. In type 1, UEs exist in a building in which UEs on the 1st floor is LOS environment. In this case, all the UEs in the building are in a LOS environment and the LOS probability follows the equation defined in the ITU model, i.e., PITU(d) [9]. On the other hand in type 2, UEs can achieve a LOS environment through the influence of the UE height, even when the UEs on the 1st floor are NLOS environment. This is a new case to be considered additionally and the LOS probability is modeled as a conditional probability by multiplexing the NLOS probability on the ground level and the probability to become LOS due to the UE height, i.e., 
. Thus, LOS probability for UMa environment is presented by adding two probabilities for each type as following equation.
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Figure 3 – LOS types for UMa environment

          (1)          
3.2. Ray trace simulation
We conducted a ray trace simulation in a UMa environment to assess the impact of the UE height on the LOS probability with the simulation assumptions in Annex A. The eNB antenna is placed at the height of 25 m. Buildings are randomly placed based on the model in [10], in which the building height conforms to an exponential distribution with the minimum and average building height of 12 and 18 m considering the agreement in RAN1, respectively. The building density is set to 700 per square kilometer.
Figure 4 shows the impact of the UE height on the LOS probability in a UMa environment where the height of UEs is parameterized between 1.5 to 22.5 m. First, we find that the curve for 1.5 m aligns well with the curve for the ITU LOS probability, and we confirm that the generated building model is adequate for the discussion. Moreover, we see that the LOS probability increases corresponding to the UE height especially when UEs are located higher than the 4th floor.
Proposal: LOS probability for UMa environment should be calculated as follows.
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Figure 4 – Impact of UE height on LOS probability
4. Conclusion
In this contribution, we investigated UE the height dependency on the NLOS pathloss and LOS probability for a UMa environment based on measurement and ray tracing results. Our observations and proposal based on the discussion are given below.
Observation 1: Height gain coefficient  can be 0.6 dB/m for UMa NLOS environment.

Observation 2: Pathloss for a UMi NLOS environment can also be modelled using linear height gain.
Proposal: LOS probability for UMa environment should be calculated as follows.
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ANNEX A: Simulation Assumptions for LOS Probability Calculation
The LOS probability in a UMa environment is calculated based on a ray trace-based simulation. In the simulation, UEs that have a direct path with the eNB antenna without reflection/diffraction are considered to be LOS. Table AI and Fig. A1 respectively show the assumptions and an example of the generated buildings in the simulation. The eNB antenna is placed at the height of 25 m, which is the same as the 3GPP assumption. In the simulation, buildings are generated based on the model in [10], where statistical data are summarized using an enormous number of actual building databases in a number of cities in Japan including Tokyo, Osaka, and Yokohama. The buildings are randomly generated with the density of 700 per square kilometer. The height of building aligns exponential distribution with the probability function as follows
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where h0 (= 12 m) and hm (= 18 m) represent the minimum and average building height, respectively. We also apply the correlation between the width and height of the buildings, which is derived from 7000 building samples as shown in the following equation.
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where W0, , and  are 55 m, 1.1, and 0.025 (m-1), respectively. Finally, Table AII shows the building height and width probabilities assumed in the simulation.
Table AI – Simulation Assumptions
[image: image14.emf]Parameters Value

eNB antenna height 25 m

Building height Minimum (
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0

) 4 stories (12.0 m)
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) 6 stories (18.0 m)

Num. of buildings per km2 700


Figure A1 – Example of building distribution
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Table AII – Building Height and Width Probabilities
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Agreement:


•	For LOS probability calculation and environment height calculation, 2D distance is used.


•	LOS probability for 3D UMi:


 � EMBED Equation.3 ���


•	LOS probability for 3D UMa is a function of d and hUT. 


Details FFS.





•	3D UMi


Environment height is 1m, independently of hUT.


•	3D UMa 


A LOS UE’s environment height is 1m with probability p(d, hUT)


Otherwise the environment height is hE(hUT).


Details of p(d, hUT) and hE(hUT) FFS, e.g. if hE(hUT)  is a deterministic or stochastic function





•	3D UMa


Height gain α = [0.6][0.9].


•	3D UMi


Alt 1:


�


FFS height gain α 


Alt 2:


Decrement of PL is a non-linear function of height and/or distance


Alt 3 :


Proposal  as in R1-132100


FFS, to be decided in the next meeting, companies are encouraged to bring additional measurement or simulation results
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