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1. Introduction
In the current statistical channel models including 3GPP 3D, WINNER and ITU model [1]

 REF _Ref441954776 \r \h 
 \* MERGEFORMAT [2]

 REF _Ref441676870 \r \h 
 \* MERGEFORMAT [3], the channel characteristics for each selected UE are firstly random-assigned between LOS condition and NLOS condition based on a LOS probability [1] given below, where such random assignment is independent among UEs. 

[image: image1.wmf]1

O

22

()min(,1)(1exp())exp()

LS

d

dd

pd

ddd

=·--+-


where 
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 denotes the 2D distance between TX and RX, and d1 and d2 denotes the fitting parameters in this model. As pointed out in [4]
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 \* MERGEFORMAT [5]
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 \* MERGEFORMAT [6], the above-mentioned method cannot provide the spatial consistency of the LOS/NLOS condition for the two UEs close to each other. The transition between LOS and NLOS condition for a single UE moving in the simulation would become unreasonably often. Consequently, the channel model based on such LOS/NLOS modelling can surely introduce inaccuracy, and fails to meet the requirement of 5G channel modelling agreed in [7]. 

This contribution introduces an enhanced method based on the current 3GPP 3D modelling framework to provide the spatial consistency in the distribution of LOS/NLOS condition.
2. Method for maintaining the spatial consistency of LOS/NLOS
The method provided in this contribution to maintain spatial consistency involves both the grid-anchor map and weighted-interpolation algorithm to provide reasonable consistency in spatial domain. It contains four steps with the details of each step given below. 
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Figure 1 Grid-enabled simulated area

Step 1: Generate the grids and anchor points.   
The simulated area is partitioned into equal-sized girds as shown in Figure 1. The grid separation on each dimension is 
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, which is determined by the channel correlation distance or the life-distance of LOS in [8]. The intersecting points over the grids are defined as anchor points that are used in the following steps. This step can be easily extended to the 3-D environment by applying the same operation along the vertical direction.
Step 2: Generate the independent and uniformly-distributed random variable within [0,1] for each anchor point. These random variables and their assignments to anchor points are common to all UEs. 
Step 3: Calculate the LOS probability for i-th UE as following:
As in Figure 2, denote the 4 nearby anchor points that are surrounding the 2-D location of the i-th UE as (
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); and denote the distances between the i-th UE and the 4 anchor point as (
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). Eight anchor points around the i-th UE can be used in the 3-D case.
Then the LOS probability (
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) for i-th UE is given by:
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 is the normalized coefficient and 
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 is the random variable generated in Step 2 for the anchor point 
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Step 4: Decide the LOS/NLOS condition for i-th UE: 
a) Calculate the threshold of LOS probability (
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) for i-th UE as
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 is the LOS probability function as mentioned in section 1, and 
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 is the distance between eNB and i-th UE as shown in Figure 2.
b) Determine the propagation condition 
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 of  i-th UE:
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where F(x) is the cumulative probability function of a random variable 
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 with Xj for 1≤j≤4 to be four independent uniformly-distributed random variables within [0,1]. 
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Figure 2 Relations among the UE, anchor points and distance to eNB 

The aforementioned procedures can be easily applied in the current 3GPP 3D channel model by replacing the Step 2 in [1].
Proposal 1:  To add the spatial consistency to LOS/NLOS condition by replacing the current Step 2 in 3GPP 3D model with following:

- define a 2-D grid over simulated horizontal area;


- assign uniform i.i.d random variable within [0,1] to each anchor point on the grid, with such assignment to be common for all UEs;


- calculate the distance-weighted average of random variables that are on the anchor points surrounding the UE's location;


- Decide the LOS/NLOS condition according to comparison between a CDF function of the distance-weighted average and the LOS probability threshold derived upon eNB-UE distance.  
3. Evaluation of the proposed method
To evaluate the proposed approach, the Monte-Carlo simulation with 500 runs is conducted for the outdoor users in the 3D-UMi case. The evaluation configurations including UE separation and grid size are given in Table 1, and the LOS probability threshold function used in evaluation is given by
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where 
[image: image27.wmf]2

D

d

is the 2-D distance between UE and eNB.

Table 1 Configuration of simulations

	eNB Location [m]
	UE gap [m]
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[m]

	(0,0)
	1
	20


Figure 3 demonstrates the distribution of LOS/NLOS conditions based on the existing 3D channel modeling method (left figure) and the proposed method (right figure). The UE locations are marked in blue for LOS condition and in red for NLOS condition. It can be seen that the consistency of the LOS/NLOS condition is well maintained in spatial domain by adopting the proposed method.
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Figure 3 Comparison LOS/NLOS condition with and without spatial consistency
Meanwhile, the validation and stability of the proposed method are calibrated through the comparing between the newly derived modelling from the re-generated results and the original one. An example is shown in Figure 4. It demonstrates that “empirical line” based on simulated results can be well modelled by the “fitted line” with the MSE (mean squared error) equalling to 0.08.  The deviation between the fitted line and "original model"  (the one used in 3GPP 3D channel model and based on 
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) is also tiny, which means the proposed method does not change much the LOS/NLOS behaviour of existing LOS probability model but with addition of spatial consistency.  Same reasonable observations are also found in all of the Monte Carlo simulation with 500 runs. 
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Figure 4 Comparison of the distribution of the LOS probability
4. Conclusion: 
This contribution provides a stochastic-based modeling method to maintain spatial consistency in the LOS/NLOS condition, which is evaluated for validation.  The proposal from this contribution is: 
Proposal 1:  To add the spatial consistency to LOS/NLOS condition by replacing the current Step 2 in 3GPP 3D model with following:


- define a 2-D grid over simulated horizontal area;


- assign uniform i.i.d random variable within [0,1] to each anchor point on the grid, with such assignment to be common for all UEs;


- calculate the distance-weighted average of random variables that are on the anchor points surrounding the UE's location;


- Decide the LOS/NLOS condition according to comparison between a CDF function of the distance-weighted average and the LOS probability threshold derived upon eNB-UE distance.    
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