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1. Introduction
The method for spatial consistency modeling for above 6GHz channels is under discussion in 3GPP RAN1. Issues such as interpolation in the user dropping (initialization) phase and evolution of angles/powers in the mobility case remain unanswered. This contribution aims to provide views on these remaining details on spatial consistency for above 6 GHz channels.

2. Spatial consistency in the user dropping phase
In [1], a two dimensional (2D) filtering method was proposed to model correlations in a 2D plane. The area of interest is first partitioned into grids with size , where  is the correlation distance defined in [2]. Then, independently and identically distributed (i.i.d.) random variables are generated on vertices of the grids, forming a random field which is denoted by . Next, a filtering template whose form is the desired 2D exponential filter function is constructed as

where  and  is the 2D Fourier transform. Finally, the correlated 2D random variables  on the vertices are obtained by convolving the filter template with the random field  as

where * is the convolution operator. If a user equipment (UE) is dropped inside a grid, the random variable of the closest grid point can be used.
It was stated in [1] that this 2D filter method is able to generated spatially consistent random variables in a 2D plane. However, channel generation steps were not mentioned in [1]. Therefore, we propose the following modified channel generation steps of 3GPP SCM [3] for UE dropping based on the 2D filter method as follows.
	Channel generation steps for UE dropping
Step 5: Generate delays l,k
Delays are drawn randomly from the delay distribution defined in Table 7.3-6. With exponential delay distribution calculate

                 ,	
Where r is the delay distribution proportionality factor, Xn (l,k)~ uniform(0,1), and cluster index n = 1,…,N. With uniform delay distribution the delay values n’ are drawn from the corresponding range. Perform 2D filtering to as


Normalise the delays by subtracting the minimum delay and sort the normalised delays to ascending order:

                                                        .	
Step 6: Generate cluster powers .
Cluster powers are calculated assuming a single slope exponential power delay profile. Power assignment depends on the delay distribution defined in Table 7.3-1. With exponential delay distribution the cluster powers are determined by


where n ~ N(0,) is the per cluster shadowing term in [dB]. [2D filter can also be performed to n ]. Normalisation is performed in cluster powers.
Step 7: Generate arrival angles and departure angles for both azimuth and elevation.
The composite PAS in azimuth of all clusters is modelled as wrapped Gaussian (see Table 7.3-6). The AOAs are determined by applying the inverse Gaussian function (7.8) with input parameters Pn and RMS angle spread ASA

.


Assign positive or negative sign to the angles by multiplying with a random variable Xn with uniform distribution to the discrete set of {1,–1}, and generate component . Perform 2D filter to  as 

.
Then, The AoA is generated as

.



Proposal 1: Use the proposed channel generation steps for user dropping.

3. Spatial consistency in the user mobility case
To model spatial consistency in the user mobility case, a mechnism of modeling the evolution of channel parameters such as AoA/power/delays over time. Once the update is completed in each time instant, the channel impulse response needs to be recalculated according to [4]


It should be noticed that the update of AoA may result in the recalculation of antenna patterns, which increases the complexity of channel simulation due to matrix manipulations.
Observation 1: The modelling of spatial consistency in the user mobility case may require recalculation of antenna patterns, which increases the complexity of channel simulation.

Although geometric approach in [5] is able to provide complete solutions to spatial consistency in mobility, they require significant complexity increase. To address the complexity problem, a simplified geometric approach was proposed in [6], which can also be considered as a feasible method to model spatial consistency in mobility. Under the working assumption of interpolation with correlated random variables, a method was proposed in [7], which is denoted as Method 1 in this contribution. The procedure of channel generation in mobility is described as follows.
Method 1:
	Step 5: Generate delays .
Delays are drawn randomly from a uniform distribution. Calculate 

Where  is the maximum delay (value FFS), Xn ~ uniform(0,1) (autocorrelation distance FFS), and cluster index n = 1,…,N. 

Step 6: Generate arrival angles and departure angles for both azimuth and elevation.
Calculate

Where  is the maximum angle (value FFS), Yn ~ uniform(0,1) (autocorrelation distance FFS), and cluster index n = 1,…,N. etc…
Step 7: Generate cluster powers P.
Cluster powers are calculated assuming a single slope exponential power profile and Laplacian (FFS) angular power profiles. The cluster powers are determined by

where n ~ N(0,) (autocorrelation distance FFS) is the per cluster shadowing term in [dB]. 



The advantage of Method 1 is that the correlation functions of AoA/power/delay can be fully controlled according to desired distributions. However, Method 1 decoupled the relationship among delay, power, and delay. Also, the conventional procedure of 3GPP SCM generation is modified.

To minimize the impact on the conventional procedure of 3GPP SCM generation, we propose a new method (denoted as Method 2) to update channel parameters over time. Consider a time interval [t, t+Δt], the update of delays/AoAs/powers is shown as follows.
Method 2:
	Step 5 (from t to t+Δt): Update delays 
Update delays using exponential filter function
=


,	(7.2)
where has the same distribution as  but is independent to  and  is the speed of the UE. It should be noticed that  is the cluster delay before normalization is done.

Step 6 (from t to t+Δt): Update cluster powers P.
Cluster powers updated using the following equation (derivations in Appendix).
[image: ]
where α is the path loss exponent.

Step 7 (from t to t+Δt): Update angles.
Angles are updated as


 



The advantage of Method 2 is that the correlation functions delay is an exponential filter function. Also, relationships among delays/powers/AoAs are preserved. To sum up, we have the following proposal.
Proposal 2: If spatial consistency in mobility is considered, Method 1 or Method 2 should be used. Also, Method 2 is slightly preferred.

4. Conclusions
This contribution has discussed issues on spatial consistency modeling for the above 6 GHz channel model. The following proposals are proposed.
Proposal 1: Use the proposed channel generation steps for user dropping.
Observation 1: The modelling of spatial consistency in the user mobility case may require recalculation of antenna patterns, which increases the complexity of channel simulation.
[bookmark: _GoBack]Proposal 2: If spatial consistency in mobility is considered, Method 1 or Method 2 should be used. Also, Method 2 is slightly preferred.
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6. Appendix



Let us consider the time interval between  and , where  is small. Then, the cluster mean power difference between these two time instants is computed as
	

	(1)


With the assumption of the inverse power law, the cluster mean power is inversely proportional to the αth (α > 1 is the path loss exponent) power of travel distance, i.e.,
	

	(2)



where β is a constant. Then, we have the following approximation when  is small
	

	(3)


Finally, the update equation for cluster power can be computed by combining (1)-(3)
	

	(4)


Additionally, to avoid negative power, the updated power can be bounded by 0.
	

	(5)
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