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1 Introduction
New study item on channel model for frequency spectrum above 6GHz has been approved in [1]. Discussions on channel model for above 6GHz frequency has started in the industry and academia for some time already. A white paper has been published in Globalcom 2015 [2]. Based on the findings of the white paper, spatial consistency has been identified as one important missing feature, e.g. from the existing 3GPP 3D channel model [3]. This contribution presents one way to model the spatial consistency in the drop based channel model.
2 Discussion
Drop based stochastic channel model has been well established in the past standardization process in 3GPP. The channel generation is decoupled into large scale parameters (LSP) generation and small scale parameters (SSP) generation. For LSPs, the spatial consistency has been built in using the parameter’s auto correlation function. As such, we can observe slow varying of one LSP over space. Seven LSPs have been defined in the 3GPP 3D channel model to describe the delay spread, shadowing, K factor, angular spread at both ends for both azimuth and zenith dimensions [3].
However, based on the slow varying LSPs, the generated channel power/angular/delay profile can still vary fast over space. This is unrealistic compared to what has been seen from the measurements. Other than the fast varying channel power/angular/delay profile, the LOS/NLOS and indoor/outdoor state for a given channel realization is also randomly selected without any spatial consistency. This results some difficulties to accurately evaluate the system features include MU-MIMO and beam tracking.
2.1 Spatially consistent SSPs
The easiest way to introduce spatial consistency to SSPs is to introduce spatial consistency to the channel cluster specific random variables in the 3GPP 3D channel model [3]. The channel cluster specific random variables include:
a) Cluster specific random delay in step 5.
b) Cluster specific shadowing in step 6.
c) Cluster specific offset for AoD/AoA/ZoD/ZoA in step 7.
For cluster specific sign for AoD/AoA/ZoD/ZoA, it is better to have it generated per drop since it is discretely distributed among {-1, 1}. Because making this sign to be spatially consistent does not prevent it from changing abruptly at certain location along the trajectory.
The spatially consistent random variables can be generated by interpolating i.i.d. random variables deployed in the simulation area. For example in Figure 1, one spatially consistent uniform distributed random variable can be generated by dropping four complex normal distributed i.i.d. random variables on four vertex of one grid with dcorr (e.g. dcorr=50 meter) de-correlation distance and interpolated using the these i.i.d. random variables. The de-correlation distance could be a scenario/simulation specific parameter. In order to save simulation complexity, one grid is generated only if there are actual users dropped in the grid.


[bookmark: _Ref442180549]Figure 1. Example of generating one spatially consistent random variable.
Assuming Y0,0, Y0,1, Y1,0, and Y1,1 are i.i.d. complex normal random numbers generated on four vertex of one grid, the complex normal number Yx,y at position (x, y) can be interpolated as:

And one uniform random number can be generated using the phase of the interpolated complex normal random number as:

where  operation ensures there is no abrupt change of the interpolated random number  between 0 and 1 along a trajectory. This will be desired when the uniform random number is used to generate cluster specific random delay in step 5 because otherwise the delay of one cluster could change between infinity and zero along a trajectory.
Similarly, one spatially consistent normal distributed random variable can be generated by dropping normal distributed random variables on the vertex of one grid and interpolated among the random variables.
The cluster specific random variables should be applied to one cluster before clusters are sorted based on its random delay in step 5.
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[bookmark: _Ref442107962]Figure 2. Example of NLOS channel generation without spatial consistency along a trajectory.
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[bookmark: _Ref442107966]Figure 3. Example of NLOS channel generation with spatial consistency along a trajectory.
Figure 2 and Figure 3 compares one NLOS channel generated along a UE trajectory without and with spatial consistency. The color map depicts the power-delay, power-AoD and power-AoA profiles along the UE trajectory. After spatial consistency has been introduced in the channel cluster generation, we can observe smooth change of channel clusters along a UE trajectory. This would lead to more reasonable UE beam tracking behaviour. As such, we have below proposals:
Proposal 1-1: Introduce spatial consistency to the channel cluster specific random variables in the 3GPP 3D channel model [3]. The channel cluster specific random variables include:
a) Cluster specific random delay in step 5.
b) Cluster specific shadowing in step 6.
c) Cluster specific offset for AoD/AoA/ZoD/ZoA in step 7.
Proposal 1-2: Generate below channel cluster specific random variables to be drop based:
2.2 [bookmark: _GoBack]Spatially consistent LOS/NLOS and indoor/outdoor state
The spatially consistent LOS/NLOS state and indoor/outdoor state can be generated by comparing a spatially consistent uniform distributed random number with the LOS or indoor probability at a specific position. On top of the spatially consistent LOS/NLOS state and indoor/outdoor state, the transition region between different channel states can be modelled by filtering the binary state over space.
Figure 2 gives one example of how the soft LOS/NLOS state can be generated at given location (x, y). We firstly introduce one parameter dtransition to describe the size of the transition region. In this example, we set dtransition to be 2 meters. Then we calculate the binary LOS/NLOS state at nine positions on the square which has centre at location (x, y) and edge size dtransition. The soft LOS/NLOS state at location (x, y) is then calculated using the average of the nine binary LOS/NLOS states. In this example the soft LOS/NLOS state at location (x, y) is 7/9.
With nine binary LOS/NLOS states, the soft LOS/NLOS state can take value from {0, 1/9, 2/9, 3/9, 4/9, 5/9, 6/9, 7/9, 8/9, 1}. Further smoothing the LOS/NLOS transmission region can be done by averaging over more binary LOS/NLOS states in the outer region for the given location.
The soft indoor/outdoor state can be generated similarly.


[bookmark: _Ref442101244][bookmark: _Ref442101239]Figure 4. Example of generating the soft LoS state.
Figure 5 illustrates the LOS/NLOS state over space with distance dependent LOS/NLOS probability. The transmitter is assumed to be at the centre of the region. The left figure depicts the LOS/NLOS state without modelling spatial consistency. The middle figure depicts the LOS/NLOS state with spatial consistency modelled and de-correlation distance is set to be 25 meters. The right figure depicts the soft LOS/NLOS state with spatial consistency modelled and de-correlation distance is set to be 25 meters and dtransition set to be 2 meters. As such, we have the below proposals:
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[bookmark: _Ref442104760]Figure 5. Left: LOS/NLOS without spatial consistency; Middle: LOS/NLOS with spatial consistency; Right: Soft LOS/NLOS with spatial consistency.
Proposal 2: Introduce spatial consistency to the LOS/NLOS and indoor/outdoor random variables in the 3GPP 3D channel model [3]. 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.
Proposal 3: Introduce soft LOS/NLOS state and soft indoor/outdoor state to describe the transition regions between LOS/NLOS and indoor/outdoor. The soft LOS/NLOS state and soft indoor/outdoor state can be generated by filtering the binary LOS/NLOS and indoor/outdoor states over space.
2.3 Channel generation
Both large scale path loss and small scale channel clusters will be LOS/NLOS and indoor/outdoor state dependent. With soft LOS/NLOS and indoor/outdoor states, it is feasible to define the path loss and fast fading based on the soft state to have smooth transition between those binary states.
For path loss, the soft state dependent path loss can be defined as:

Be noted that the penetration loss is currently defined as a function of a random indoor distance in the 3GPP 3D channel model. If this is still the case for channel model above 6GHz, we can simply make this indoor distance to be spatial consistent to have smooth indoor path loss along a trajectory.
For fast fading channel, the soft state dependent fast fading can be defined as:

As such we propose:
Proposal 4: Make the indoor distance to be spatially consistent.
Proposal 5: Use soft LOS/NLOS and soft indoor/outdoor state to calculate the pathloss and fast fading channel.

3 Summary
In this contribution, we provided one model to add spatial consistency on the existing drop based 3GPP 3D channel model. The proposed modelling method can be treated as a purely add-on to the existing 3GPP 3D channel model. To recap, we have the below proposals:
Proposal 1-1: Introduce spatial consistency to the channel cluster specific random variables in the 3GPP 3D channel model [3]. The channel cluster specific random variables include:
a) Cluster specific random delay in step 5.
b) Cluster specific shadowing in step 6.
c) Cluster specific offset for AoD/AoA/ZoD/ZoA in step 7.
Proposal 1-2: Generate below channel cluster specific random variables to be drop based:
a) Cluster specific sign for AoD/AoA/ZoD/ZoA in step 7.
Proposal 2: Introduce spatial consistency to the LOS/NLOS and indoor/outdoor random variables in the 3GPP 3D channel model [3]. 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.
Proposal 3: Introduce soft LOS/NLOS state and soft indoor/outdoor state to describe the transition regions between LOS/NLOS and indoor/outdoor. The soft LOS/NLOS state and soft indoor/outdoor state can be generated by filtering the binary LOS/NLOS and indoor/outdoor states over space.
Proposal 4: Make the indoor distance to be spatially consistent.
Proposal 5: Use soft LOS/NLOS and soft indoor/outdoor state to calculate the pathloss and fast fading channel.
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