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Introduction
In the Ljubljana meeting a working assumption was made for spatial consistency based on [1]. This working assumption contains proposals for how spatial consistency of the LOS state and indoor state should be modeled. The purpose of this contribution is to discuss the additional details of how to achieve spatially consistent states and propose relevant improvements.
Spatial consistency of LOS and indoor states
The working assumption contains the following proposal:
Proposal 2: Introduce spatial consistency to the LOS/NLOS and indoor/outdoor random variables in the 3GPP 3D channel model. LOS/NLOS state and indoor/outdoor state are determined by comparing the spatial consistent random variable with a distance dependent LOS probability or indoor probability.
FFS: dcorr, e.g. dcorr=50m for LOS/NLOS and dcorr=30m for indoor/outdoor
The working assumption does not address whether the LOS and outdoor/indoor states should be hard or soft. An example of a realization with hard LOS states is shown in Figure 1. Here 50 m autocorrelation distance was used for the underlying Gaussian variable used to determine a uniform probability realization. As can be seen the LOS areas are indeed contiguous, however at the transition from LOS to NLOS there is a strong discontinuity in the received power (and also in the ray angles and delays, although not shown). Such discontinuities would be quite unfortunate and non-physical and may result in an overestimation of the rate of dropped connections in a mobility simulation.
[image: ] [image: ]
[bookmark: _Ref447291978]Figure 1 Outcome of the spatially consistent hard LOS state for UMa channel realizations (left) along the trajectory described by the blue line in the right figure. 
Observation: Soft LOS states are needed to avoid misrepresenting system behaviour in mobility simulations
When it comes to indoor/outdoor states, the typical simulation assumptions make a clear distinction between these two in terms of UE speeds, traffic models etc. Therefore the introduction of transitions between indoor and outdoor would be problematic and require numerous changes to simulation methodology. Furthermore, there are few if any measurements of outdoor-to-indoor transitions that such a soft model could be calibrated against. It would therefore be simpler if these transitions are avoided. This is a much easier problem to solve and could for instance be done by making the user mobility dropping aware of the indoor regions. 
Observation: Soft indoor/outdoor states are undesirable with present simulation methodologies
Modeling soft LOS states
In the working assumption [1] it is proposed that if soft LOS states should be modeled these should be taken into account through a weighted combination of the LOS and the NLOS path loss and channel coefficients:


Here  is a number representing the soft LOS state.
There are two examples given for how to determine , one based on linear interpolation between nine independent {0,1} grid points, and another based on transforming the LOS probability realization into a variable representing the distance from a knife edge diffraction point. The LOS-NLOS transitions in the first method will be linear and frequency independent, which is not in line with the physics or the experience from measurements. The second method can reproduce the diffraction-like transition pattern including the frequency dependence which has been observed in many measurements and can be seen as an established physical property. 
Observation: The “knife edge method” for LOS-NLOS transitions produces physically sound transitions with realistic frequency dependence, which the grid-based interpolation method cannot do
[bookmark: _Ref447293921]Soft LOS state modeling using the “knife edge method”
Here the “knife edge method” is described in further detail. 
Step 1: Generate a spatially consistent Gaussian number G(x,y) with exponential autocorrelation using known methods such as grid realizations or spatial filtering of random noise. The autocorrelation distance of G is FFS but a value of 50 m has been shown to produce transitions resembling outdoor measurement data. 
Step 2: For each UE, determine the distance  to each of the N base stations. Calculate a threshold value 
,
where  is the LOS probability function and  is the inverse error function.
Step 3: Determine the soft LOS state from the n:th base station by 

where  is a parameter (value FFS) determining the relative speed of the transitions. 
Discussion
The proposed “knife edge method” is very simple to implement and will produce contiguous and spatially consistent LOS areas with the desired distance-dependent LOS probability. Furthermore, the transitions from LOS to NLOS are modeled with a physically based transition function where the frequency-dependent speed of the transition is captured. 
An example of a LOS “map” generated with this method is shown in Figure 2, while the soft LOS state along a UE trajectory that passes from a NLOS to a LOS area in this map is shown in Figure 3. This transition is a very good approximation of the knife edge diffraction loss as can be seen by comparing to e.g. Figure 9 in [4].
[image: ]
[bookmark: _Ref447311100]Figure 2 A soft LOS map generated using the “knife edge method”. A sample UE trajectory through the map is indicated by a white line from (0,100) to (0,120). Along the trajectory the UE passes from a NLOS area (blue) into a LOS area (red).
[image: ]
[bookmark: _Ref447311169]Figure 3 The soft LOS state  in dB along the UE trajectory shown in Figure 2

Conclusion
[bookmark: _GoBack]Based on the discussion in this contribution, the following are proposed:
Proposal 1: Introduce soft LOS states in the spatial consistency modeling
Proposal 2: Do not introduce soft indoor/outdoor states. FFS how user mobility dropping in simulations should avoid users transiting between the states
Proposal 3: Use the knife edge-based method described in section 4 for modeling the soft LOS states
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