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1 Introduction
In RAN1#73, the following was agreed for the PL for 3D channel modeling.

 Agreement:

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

· LOS probability for 3D UMi:
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· 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:

[image: image2]
·  FFS height gain α 

· Alt2:

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

· Alt3 :

· Proposal  as in R1-132100
· FFS, to be decided in the next meeting, companies are encouraged to bring additional measurement or simulation results
This contribution discusses the following remaining details for the PL characterization for the 3D channel modeling:

· LOS probability for 3D UMa
· Environment height for 3D UMa LOS
· Height gain for 3D UMa NLOS
· NLOS PL for 3D UMi

2 LOS Probability for 3D UMa

[image: image3]
Figure 1 Illustration of UMa LOS

Figure 1 illustrates LOS scenarios for UMa when UEs are dropped in different floors. For UMa, base station (BS) height is higher than the surrounding buildings and hence LOS may happen even if there is another building between a BS and a UE. In UMa scenario, there are two types of buildings in which some UEs experience LOS. The buildings of a first type have LOS from the first floor (LOS type 1), and buildings of a second type have LOS from N-th floor (LOS type 2), where N > 1 reflects the height of the intermediate building. 
ITU UMa LOS probability, 
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, was derived considering the UEs on the ground floor only. If a UE on the ground floor in a building has LOS, then UEs on all the floors in the same building are likely to have LOS. Hence, the probability of LOS type 1 is the same as 
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The height dependent LOS probability should take both types of LOS events into account. 

For UEs on a lower floor the LOS events comprise LOS type 1 events only. If the ground floor in a building is NLOS because a building blocks the view to the BS, then a UE on a lower floor in the same building is likely to be also in NLOS condition. Hence, assuming that the minimum building height is 12, the following can be said for the 3D-UMA LOS probability for UEs on the 3rd or lower floor, i.e., 
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On the other hand, for UEs on the 4th or higher floor the LOS events comprise not only LOS type 1 events but also LOS type 2 events. Hence, for 
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≥ 9 the LOS probability can be modeled as:
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It is expected that the LOS probability increases as 
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≥ 0. The ray tracing results for characterising 
[image: image14.wmf])

,

Pr(

UT

h

d

D

 can be found in Appendix C. With applying a curve fitting on the available results, it is found that 
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The proposals in this section are summarized below:
Proposal 1: For 3D UMa, LOS probability is determined according to:
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3 Environment Height for 3D UMa LOS

As discussed in Section 2, an LOS event can be classified into either LOS type 1 or LOS type 2. As the probabilities of LOS type 1 and LOS type 2 for a given pair of 
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, the conditional probability that an LOS UE’s LOS type is 1 is 
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The environment height in LOS type 1 should be maintained as hE = 1 m regardless of the UE height, because the main sources of Fresnel zone intrusion in this case are still cars and pedestrians. 
hE = 1, 
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On the other hand, for simplicity of the PL modeling, it is proposed that the environment height hE for higher floor UEs (
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≥ 9 ) in LOS type 2 is equal to the average between the UE’s floor height and the minimum building height:
hE = 
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The proposals in this section are summarized below:

Proposal 2: In 3D UMa, an LOS UE’s environment height is determined according to:

· With probability p(d, hUT) = 
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, hE = 1; 
· With probability 1-p(d, hUT), 
· hE = 
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4 Height Gain for UMa NLOS

Height gain for UMa refers to the phenomena that the NLOS PL decreases as UE height increases owing to the smaller diffraction angle. ITU UMa channel model captures the height gain with a log decrement term, while in RAN1#72bis, a working assumption was agreed to introduce height gain with a linear decrement term. Because the resultant NLOS PL taking the height gain into account should not be smaller than the LOS PL, it was also agreed in RAN1#72bis that the height-dependent NLOS PL is lower-bounded by the corresponding LOS PL. 
It is noted that for NLOS UEs, the usage LOS PL in place of NLOS PL should be limited in some exceptional occasions (e.g., when a UE is on the highest floor and the UE-BS distance is relatively short), because LOS/NLOS condition is separately determined by the LOS probability. In particular, if a UE is in NLOS condition, it does not seem to make sense to use the free-space propagation exponent of 2 for a large UE-BS distance. 
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Figure 2 3D UMa NLOS PL with different modeling methods of height gains

To provide insights on the different methods of capturing UMa NLOS height gain, Figure 2 shows 3D UMa NLOS PL curves on different floors when various methods are considered to capture the height gain. Depending on which method is used, for a given floor number, the distance up to which LOS PL is used instead of NLOS PL varies. 
· When either 
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, or when α = 0.6 is used with the working assumption from RAN1#72bis, for 8th floor UEs, LOS PL is used instead of NLOS PL only up to BS-UE distance of 40~50 m. 
· When larger height gain factors are used (e.g., α = 0.9), for 8th floor UEs, LOS PL is used in place of NLOS PL up to BS-UE distance of 100m.

Proposal 3: The height gain for the 3D UMa NLOS PL should be α = 0.6, and 
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5 PLb for UMi NLOS

In ITU UMi NLOS, the basic PL is characterized by: PLb = 36.7log10(d) + 22.7 + 26log10(fc), and it is observed that the PL formula is not height dependent. It is noted that the ITU UMi NLOS PL is based upon measurement in WINNER projects, and the PL characterises combined signal attenuation of rooftop diffraction path and the guided-urban-canyon path. Similarly to 3D UMa, the rooftop diffraction introduces height gain for UMi, as verified in the measurement & ray tracing results presented in Appendix A and B. While the measurement & ray tracing results show that the height gain decreases as floor number increases, for simple modelling of the height gain it is proposed to use the same linear term used in the UMa NLOS PL and α = 0.6 taking an average of the height gains in the measurement & ray tracing results. 
Proposal 4: 
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, and α = 0.6.
6 Conclusions

This contribution has studied an extension of ITU PL characterization for the 3D channel modeling. The proposals of the contribution are summarized below:
Proposal 1: For 3D UMa, LOS probability is determined according to:
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Proposal 2: In 3D UMa, an LOS UE’s environment height is determined according to:

· With probability p(d, hUT) = 
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· With probability 1-p(d, hUT), 
· hE = 
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Proposal 3: The height gain for the 3D UMa NLOS PL should be α = 0.6, and 

· 
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Proposal 4: 
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Appendix A. UMi PL measurement results
[image: image45.emf] 
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Figure 3 UMi PL measurement 
A measurement campaign on UMI PL is conducted on the campus of Univerity of Southern California in USA. In Figure 3, a BS lies on a street cross as a flag pole, whose height is around 10 m. The received power from the BS is measured on different floors on the three buildings marked with 1, 2 and 3 in the figure. The measurement route along each floor corridor is divided into multiple segments. Each segment is called “local area”, and used for extracting the mean field strength. The floor-dependent received powers on different local areas on the three buildings are shown in Figure 4.

By calculating the field strength difference between a local area and its counterpart on different floors, the height gain is extracted for this particular local area. Then, we average over different local areas to extract the height gain parameter. The mean height gain relative to the previous floor is shown in Figure 5. The figure shows that even in UMi, there is positive height gain, and the height gain decreases as floor number increases. 
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Figure 4 Received power in different local areas
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Figure 5 Mean height gain to the one floor below
Appendix B. UMi PL ray tracing results

Ray-tracing simulations are conducted in randomly generated virtual cities that consist of repeated building blocks. Each block is made up of 4 buildings and encompassed by several wide streets. A unit building has a footprint of 40m by 40m, and with its floor number randomly selected between 4 and 8. The UMi BS is 10m above the ground. A detailed summary of parameters in constructing the simulation environment is listed in Table 1. An example of the simulation setup is shown in Figure 6, where grey and orange objects are both buildings, but the latter ones are selected to have floor plans and Rx points inside.
Table 1 Parameters for the synthetic city layout

	Variable
	Value

	Building width
	40 m

	Building length
	40 m

	Num of building per block
	4(2by2)

	Min num of floors
	4

	Max num of floors
	8

	Floor height
	3 m

	Street width
	20 m
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Figure 6 Synthetic city layout for ray tracing simulations
Figure 7 shows the height-dependent UMi PL, measured in the buildings located at 50m, 100m and 200m from the UMi BS. The figure suggests that there is a positive dB height gain in the UMi case.
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Figure 7 UMi Height Dependent PL

Appendix C. Ray Tracing for UMa LOS probability 

Two ray tracing simulations are conducted for finding out the UMa LOS probability, one with a virtual city layout (Figure 8) and the other with real-city layout (Vienna city in Austria, Figure 9).
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Figure 8 Virtual city layout for UMa LOS probability evaluation
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Figure 9 Vienna city layout for UMa LOS probability evaluation

The LOS probability evaluated in the two city layout can be found in Figure 10. 
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Figure 10 Evaluated LOS probability
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