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1. Introduction
The method for spatial consistency modeling for above 6GHz channels is under discussion in 3GPP RAN1. Meanwhile, three methods have been proposed and suggested in the WF [1].
Alternative 1: Spatial consistent random variable based approach.
Alternative 2: Geometric stochastic approach.

Alternative 3: Method using geometric locations of clusters.

Alternative 1 has been used as the working assumption in RAN1 for its implementation simplicity and compatibility with the existing 3GPP 3D channel model. This contribution aims to provide discussions on the method for spatial consistency modeling and a solution based on Alternative 1.
2. An improved solution based on Alternative 1
Alternative 1 divides the space into a number of grids. The width of a grid is determined by the correlation distance (dcorr). After generating four independently and identically distributed (i.i.d.) random variables on the four vertexes Y0,0, Y0,1, Y1,0, and Y1,1 of a grid, the number Yx,y at position (x, y) inside the grid can be computed as
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Examples of spatially consistent LOS/NLOS state, path loss, etc, can be found in [2]. The simplicity of Alternative 1 is attractive. However, there will be correlation inconsistencies in the two dimensional space [3] if the filter function is not properly chosen. 
The correlation issue in the two dimensional space can be solved the QuaDRiGa channel model [4][6], which is a channel model developed based on the 3GPP 3D SCM. Spatial consistency has been included in the QuaDRiGa by computing channel parameters for different locations based on geometry. For example, the QuaDRiGa calculates the position of the last bounce scatterer from the initial angle of arrival and the cluster delays. When the receive moves from one location to another location, angles and delays (path lengths) between the last bounce scatterer and the receiver are updated accroding to geometry. Therefore, it is straightforward to think of introducing certain features of the QuaDRiGa channel model to Alternative 1. One drawback of the QuaDRiGa is that it requires large complexity to fully capture spatial evolution features. To avoid the complexity of QuaDRiGa channel model, we can use the geometry-based (QuaDRiGa) method to characterize spatial correlations only in the initialization step (simulation time t=0) of the channel generation. The steps are shown as follows.
Step 1 (t=0): UEs are randomly dropped in the two dimensional space and let S be the set of all UEs.
Step 2 (t=0): Calculate UEs’ parameters such as shadowing/angles/delays/power/etc based on geometry. A diagram of Step 2 has been depicted in Figure 1.
-Step 2a (t=0): Randomly select a UE in set S.
-Step 2b (t=0): Determine the selected UE’s corrrelation distance and draw a circle around the selected UE.

-Step 2c (t=0): Channel parameters such as shadowing/angles/delays/power/etc of all UEs inside the circle are calculated based on geometry (QuaDRiGa channel model). An example of Step 2 is shown in Figure 1.
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Figure 1 Diagram of steps 2a to 2c.

Meanwhile, one way of computing channel parameters for UEs inside the circle is to compute according to the QuaDriGa model [6], which models the geometry relationships based on the last bounce. This is a feasible assumption in order to reduce computational complexity. An example of computing channel parameters is given in Figure 2. Assume that xn is the position of the selected user and xn+1 is the position of another user inside the circle of the selected user. To simplify description, we establish the coordinate system along the broadside of the selected user. Once the coordinate system is determined, dn,dn+1, β, and AoAn can be obtained instantly. Also, the delay of the selected user is randomly generated as  
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Figure 2 Diagram of steps 2a to 2c.

The total delay is modeled by the total transmission distance. It should be noticed that 
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 generated according to 3D SCM is normalized with respect to the smallest delay value. Therefore, to reconstruct the actual delay value, we need to add the LOS transmission distance as
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where c is the speed of light. Next, based on the theorem of cosine, the distance BC between the last bounce scatterer to the selected user can be expressed as
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Applying the theorem of cosine again, the distance BD between the last bounce scatterer to the user inside the circle and be expressed as
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Using the transmission distance for position 
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Eliminating AB from (2) and (5), we can obtain
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	Then, the AoA of the user inside the circle are presented as
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Path losses of users can be computed according to the positions of users. Shadowing can be interpolated using (1) or an exponential filter function, e.g., 
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where 
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is an independently generated random shadow fading variable.
Step 3 (t=0): Remove UEs whose parameters have been computed from the set S.

Step 4 (t=0): Repeat Step 2 and Step 3 until all UEs’ parameters are computed. The resulted spatially consistent UE positions are shown in Figure 2.
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Figure 3 Parameters of each UE are computed after steps 1 to 4.

Step 5 (t>0): Follow the same procedure of channel generation as Alternative 1.
It can be observed that the geometric stochastic approach (QuaDRiGa channel model) is applied only once in the initialization step (t=0). In the channel coefficient generation steps (t>0), Alternative 1 is applied. Therefore, the geometric stochastic approach is a one-off computation and the total computational complexity will only be slightly larger than Alternative 1. Most importantly, the correlation between different UEs are embedded without correlation inconsistencies.
Proposal 1: Alternative 1 with the proposed Step 1 to Step 5 is used in spaital consistency modeling for above 6GHz channels. Delays/AoAs/shadow fading of users in the same group are initialized according to Eq. (2) to Eq. (8).
3. Filter function selection in Alternative 1
When the spatial correlation between UEs in a two dimensional space is partially solved by introducing correlation based on the geometry approach in the initialization step (t=0) in Section 3, focus can be shifted to model spatial consistency when a UE is moving. If a UE has a constant velocity vector, i.e., constant speed at a fixed direction, which is typically the case in simulation, a one dimensional filter function will be sufficient to generate spatially consistent random variables for each UE.
A number of filter functions are proposed, such as (1) in [1] and [2] and the exponential function in [3]. If a UE has a constant velocity vector, one problem of (1) is the correlation inconsistency identified in [3]. Another problem of (1) in describing the correlation in a straight line is that it is coordinate dependent. An example is illustrated in Figure 4. Suppose the UE moves from position A to position B, the correlation between  A and B in coordinate system x1 or in coordinate system x2 will yield different results as shown in Table 1. This spatial inconsistency is not preferred when the UE moves along a straight line.  
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Figure 4 UE positions in two different coordinate systems.
Table 1 Correlated random variables in two different coordinate systems.

	In coordinate system x1
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	In coordinate system x2
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On the other hand, a one dimensional exponential function  
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can overcome the abovementioned problem, where ||.|| denotes the Euclidean distance and 
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There are three main benefits of using the exponential filter function as the interpolation function. First, the exponential function is memoryless, which avoids correlation inconsistencies when a UE is moving in a straight line. Second, the exponential function depends solely on the Euclidean distance between the starting point and the ending point, which is therefore coordinate independent. Third, the generation of correlated random variables using the exponential filter function can be based on the previous random variable only. An example is depicted in Figure 5, C is generated respective to A, and D is generated respective to C, etc. In this case, memeory for storage of a number of random variables is not needed.
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Figure 5 One dimensional correlated random variable generation based on the previous one.

One disadvantage of Alternative 1 pointed out in [5] is that delays and angles vary too fast for non-dominant cluster. Figure 6 shows the comparison between correlation functions of the current Alt1 interpolation method and the exponential filter function method. Although how fast the correlation decays depends on the correlation distance, the exponential filter function shows a much higher correlation (samller variations) than the current Alt1. When the distance reaches 30 meters, the exponential filter function results in a 25% change whereas the current Alt1 interpolation method results in a 43% change.
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Figure 6 Comparison of correlation functions of the current Alt1 and the exponential filter function.

A drawback of the exponential filter function (9) is the spatial inconsistency in two dimensional spaces. An example is shown in Figure 7 where positions A, B, and C are not in a straight line. It can be seen in Table 2 that the values at position C via different routes result in different values. This means that when a UE is not moving in a straight line, the exponential filter function will introduce correlation inconsistencies. However, in typical simulation assumptions, UEs are normally assumed to move in straight lines. Therefore, impact of spatial inconsistencies caused by the exponential filter function is limited.
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Figure 7 Positions not in a straight line.

Table 2 Values at position C via two different routes.

	A->C
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	A->B->C
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It can be argued that when UEs are moving along straight lines, two dimensioanl correlation errors will eventually occur even with the improved initialization in Section 3 and the exponential filter function. However, the methods proposed in this contribution have introduced two dimensional correlation based on geometry during the initialization phase, which garuantees certain accuracy without significant complexity. Although this solution is not perfect, it reaches a better trade off between accuracy and complexity.
Proposal 2: If UEs are moving in straght lines in the simulation, exponential function should be used as the filter function to generated spatially consistent random variables.
4. Conclusions

This contribution has discussed issues on spatial consistency modeling for the above 6 GHz channel model and proposed an improved solution based on Alternative 1. Within the channel generation framework of 3D SCM [7], a number of steps need modifications to support these features.

	Steps in [7] to be modified
	Modifications needed

	Step 2: Determine various distance and orientation parameters.
	After the dropping of users, users need to be grouped according to correlation distances. Channel parameters of users in the same group need to be initialized according to Step 1 to Step 4 in Section 2.

	Step 3: Determine the DS, AS, and SF
	Shadow fading needs to be interpolated using the exponential filter function in the initialization step.

	Step 4: Determine random delays for each of the N multipath components.
	Delays need to be computed according to geometry in the initialization step.
Delays need to be interpolated using the exponential filter function during simulation. 

	Step 9: Determine the AoAs for each of the multipath components.
	AoAs need to be computed according to geometry in the initialization step.

AoAs need to be interpolated using the exponential filter function during simulation.


The following proposals are proposed.
Proposal 1: Alternative 1 with the proposed Step 1 to Step 5 is used in spaital consistency modeling for above 6GHz channels. Delays/AoAs/shadow fading of users in the same group are initialized according to Eq. (2) to Eq. (8).
Proposal 2: If UEs are moving in straght lines in the simulation, exponential function should be used as the filter function to generated spatially consistent random variables.
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