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1. Introduction
At the previous meeting, some significant progress was made in the 3D-channel model scenario. It was agreed that “High-Rise buildings are modeled in system level evaluation” with the further clarification “UEs in high-rises are dropped within 25m radius of the position of their respective high rise, elevation as already agreed”. Hence, the model consists of cylindrical high rise buildings with a 50 meter diameter that are dropped in each sector with 300 m ISD. This corresponds to a city with a sparse density of high rise buildings. 
As this is a new scenario, vastly different from 3D UMa and 3D UMi in its characteristics, new modeling methodologies is needed to accurately represent reality and to capture the main characteristics. Since the position of the high rises are known, this is taken into account in the channel modeling and the use of average metrics can be avoided leading to more realistic models. Note that this does not necessarily lead to higher channel model complexity as is discussed in this contribution, but rather a simplification since some parts are moved from the stochastic to the deterministic modeling domain.  
With the agreement last meeting, several aspects in the channel modeling follows as a natural consequence of knowing the deterministic positions of the sparse high rise buildings, such as the LOS probability and the spatial correlation of LOS for UEs in high rise buildings. Hence, the difficult and often inaccurate stochastic modeling can for UEs in high rise buildings be replaced by a simple deterministic calculation that is performed in the dropping phase of the channel generation. 
2. LOS/NLOS Determination
When determining LOS for UEs in high rise buildings, it is important to accurately model the spatial correlation. Otherwise it is expected that results from e.g. MU-MIMO and CoMP simulations would be completely misleading. The effect of wrong spatial correlation modeling could be that two nearby UEs have different LOS states and thus very different SINR, which is unrealistic. So the spatial correlation for LOS states will significantly impact the actual channel characteristics that MU-MIMO and CoMP (e.g. CBF) are exploiting. The importance of accurate spatial correlation modeling was also highlighted by several companies in the email discussion [75-14]. 

Observation
· An accurate model for spatial correlation of LOS state is of paramount importance in high rise channel modeling and its future use cases
Furthermore, we make the following modeling assumption:

Modeling assumption
· UEs within same high-rise building tend to have same LOS/NLOS realization (particularly UEs on same floor or on same side of building)

Proposal
· Model common realization of LOS/NLOS for all UEs within a high-rise building

Modeling of LOS/NLOS determination is straightforward since the positions of the few high-rises are known. This is necessary in this sparse high rise scenario as opposed to using the average LOS probability metric like what was done for the dense low-rise scenarios. This will ensure that different UEs have a chance to determine LOS/NLOS for the same set of buildings providing correct statistical correlation of LOS state over UE position. Explicit determination of LOS/NLOS state based on high-rise positions is actually easy when modeling high-rises as cylinders. As illustrated in Figure 2, it is just a matter of determining the intersection between the LOS line and a cylinder, which is a trivial exercise involving a second degree equation, see Section 3 for details.
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Figure 2: Determining LOS/NLOS for given high-rise positions is as simple as finding the intersection between the LOS line and a cylinder with diameter 50 meter and can easily be performed in a simulator.

Proposal
· LOS/NLOS state from a site to a UE in a building is easily determined based on explicit high-rise positions in the simulator by modeling high-rises as cylinders.

· To determine LOS state for a 3D propagation distance, it is  basically only a matter of solving a second degree polynomial equation to check for intersection 
3. Determining LOS state

It has been argued that determining the LOS state is a complicated mathematical operation. Here a simple way to determine the LOS state is described, which mathematically boils down to determine the intersection of a cylinder and a line. Naturally, there are many other solutions to this problem. 

 Assume a UE position 
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. The building is modeled as a cylinder with its center at 
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 with radius d and height h. 
The LOS line between the UE and eNB can be parameterized by t:
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(1)
where the slope coefficients a,b,c can simply be derived using the UE and eNB positions. The building surface is given by the cylinder equations
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Inserting (1) in (2) gives a second degree equation in t and solving for t gives the intersection coordinates (1). If there are only imaginary solutions of t, then there is no intersection, i.e. LOS state is confirmed. Otherwise there may be an intersection (depending on the intersection height vs, building height) and by inserting the real valued solutions for t into (1) and then checking the inequality (3) answers the question whether there is actually a LOS or NLOS. Hence, very basic mathematical operations are sufficient to determine the LOS state. 
If only 2D is considered, it is even sufficient to stop after determining if there is a real valued solution to (1)+(2) or not, there is no need to explicitly solving for t (thus this gives an even simpler computation). Alternatively one can in the 2D case utilize the perpendicular distance between a line that is determined by the two points 
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for which there are mathematical formulas of first degree available, see [3].
To summarize, it is obvious that the mathematical skills as well as the complexity required to determine the LOS state are very basic.

4. Recipe for LOS state determination

Here follows a step by step recipe that can be used for determining the LOS state at the beginning of a drop, before the computationally intensive ray generation and fast fading computation commences. A 3D distance is assumed:

1. Drop high rise positions and UE positions

2. For each UE to eNB link:

a. Determine the 3D slopes (a,b,c) of the hypothetical 3D LOS line between UE and eNB

b. For each high rise building, determine the LOS/NLOS state according to the procedure in Section 3

3. If the UE is in a higher floor (above floor 8), and 

a. if all high rise buildings in step 2b confirmed LOS state, then the UE is determined to be in LOS state

b. otherwise the UE is in NLOS state

4. If the UE is in a lower floor (up until floor 8), and
a. if all high rise buildings in step 2b confirmed LOS state, then evaluate UMa LOS probability to determine LOS state

b. otherwise the UE is in NLOS state

Step 5 above in the modeling captures the case that a high rise building is blocking the path also for UEs at lower floors. If not, then the normal UMa LOS probability calculation follows.
5. Concluding discussion
We have observed that an accurate modeling of spatial correlation of LOS is extremely important for the beamforming and MU-MIMO applications. Hence we propose the following
· Model common realization of LOS/NLOS for all UEs within a high-rise building

· LOS/NLOS state from a site to a UE in a building is easily determined based on explicit high-rise positions in the simulator by modeling high-rises as cylinders.

· It is  basically only a matter of solving a second degree polynomial equation to check for intersection with a 3D line
Moreover, some companies have argued for increased model complexity and longer simulation times. However, the LOS determination is performed once per UE, which is of negligible complexity compared to the many computations that has to be done for all the rays in the channel, in every subframe. It is also noted that the UE dropping is according to the same model as for heterogeneous scenarios with hot spots, so there is no additional simulation time required to collect sufficient channel statistics compared to these already established scenarios.  
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