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Introduction
The 5G new channel model is an important component to enable 5G performance evaluation. It captures several new features to reflect more realistic high frequency radio propagation characteristics and to satisfying higher NR evaluation requirements. Spatial consistency was proposed to evaluate the system features included MU-MIMO and beam tracking properly. The modelling method of spatial consistency can be found in TR 38.900 section 7.6.3 [1]. However, the description of spatial consistency is rough, which causes different understandings among companies. It was observed that the calibration results of spatial consistency are very variant among companies. Meanwhile, people who don’t follow the NR channel model standardization have great difficulties to implement the spatial consistency correctly. Hence, it is necessary to summarize a complete modeling to align the understanding.
In this contribution, we describe a detailed modeling method of spatial consistency and provide the calibration results of cross-correlation of channel coefficients. 
A detailed modeling method of spatial consistency
2.1 Spatially consisstent random variables
Method of using spatially consistent random variables can be found in [2]. The random variables with spatial consistency can be generated by interpolating i.i.d. random variables deployed in the simulation area. For example, in Figure 1, one spatially consistent and uniform distributed random variable can be generated by dropping four complex normal distributed i.i.d. random variables on four vertices of one grid with a distance of dcorr and interpolating using these i.i.d. random variables. The dcorr is a scenario specific parameter. 


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


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 Xn between 0 and 1 along a trajectory.
The spatially consistent and normal distributed random variable Gn can be generated straightforwardly according to the uniform random variable Xn:


2.2 Grid for generating spatially consistent random variables
As described in TR 38.900 [1], The LSPs (SSF, SK, SDS, SASD, SASA, SZSD, SZSA) for different BS-UT links are uncorrelated, but the LSPs for links from co-sited sectors to same UT are fully correlated. Similarly, for cluster specific parameters and ray specific parameters, we make the same assumption, i.e. different sites have different grids and each mirror of one site has its own grid. Meanwhile, for small scale parameters, each ray of one cluster has its own grid. However, some parameters are generated in a different way from the modeling method above. Blockage, O-to-I penetration loss, indoor distance and indoor states have been clarified as UT-specific parameters. For UT-specific parameters, we only need one grid among the sites since these parameters are just related to UE position. The above description are summarized in Table-I as follow:
Table I: Grid type for different parameters
	Parameters
	Grid type

	Delays
	Site-specific

	Cluster powers
	Site-specific

	AOA/ZOA/AOD/ZOD offset
	Site-specific

	AOA/ZOA/AOD/ZOD sign
	Site-specific

	Random coupling
	Site-specific

	XPR
	Site-specific

	Initial random phase
	Site-specific

	LOS/NLOS states
	Site-specific

	Blockage
	UE-specific

	O-to-I penetration loss
	UE-specific

	Indoor distance
	UE-specific

	Indoor states
	UE-specific


For each parameter, there exists uncorrelation between different states. We should generate different grids to achieve the uncorrelation. For small scale parameters, the uncorrelation exists among outdoor LOS, outdoor NLOS and O-to-I. Regarding the O-to-I states, random varialbes on the same floor are generated in the spatial consistency modeling; otherwise, these variables across different floors are uncorrelated. For LOS/NLOS states, since the LOS probability mainly depends on the d2D-out. Regardless of the outdoor/indoor states or the indoor floor, UEs close to each other should have a same LOS/NLOS states. Hence, we use one grid for each site to judge the states. For blockage, we consider the model A in this contribution. Regarding to the model A, blockers are generated around UEs, so the positon of the blockers are related to the surrounding circumstance. We generate the grid for outdoor/indoor states and different grids for different floors. We use one grid per building type to describe the penetration loss with different standard deviation. Indoor states, indoor distance and building type aren’t related to the propagation environment, we use one grid in the simulation area. The illustration above are listed in Table-II:
Table II: Uncorrelation type for different parameters
	[bookmark: _GoBack]Parameters
	Uncorrelation type

	Delays
	Outdoor LOS/outdoor NLOS/O-to-I (different floors)

	Cluster powers
	Outdoor LOS/outdoor NLOS/O-to-I (different floors)

	AOA/ZOA/AOD/ZOD offset
	Outdoor LOS/outdoor NLOS/O-to-I (different floors)

	AOA/ZOA/AOD/ZOD sign
	Outdoor LOS/outdoor NLOS/O-to-I (different floors)

	Random coupling
	Outdoor LOS/outdoor NLOS/O-to-I (different floors)

	XPR
	Outdoor LOS/outdoor NLOS/O-to-I (different floors)

	Initial random phase
	Outdoor LOS/outdoor NLOS/O-to-I (different floors)

	LOS/NLOS states
	One grid per site

	Blockage
	Outdoor/O-to-I (different floors)

	O-to-I penetration loss
	One grid per building type

	Building type
	One grid

	Indoor distance
	One grid

	Indoor states
	One grid


2.3 Calibration assumption
The calibration metrics of cross-correlation coefficient are as listed in Table-III:
Table III: Metrics for calibration for cross-correlation coefficient
	Metrics
	1) Cross-correlation coefficient of delay for the third cluster between paired UEs*
2) Cross-correlation coefficient of AoA for the third cluster between paired UEs
3) Cross-correlation coefficient of LoS/NLoS status between paired UEs
4) Cross correlation coefficient of the channel response in Step 11 on the first single subcarrier in a first PRB in an OFDM symbol on antenna port 0 received on the first UE antenna over multiple realizations between paired UEs

	*	For the UT pair at a certain distance range, the variables collected by two UEs can be denoted as X and Y, respectively, then the cross-correlation coefficient can be written as [E(XY)-E(X)E(Y)]/sqrt([E(X^2)-E(X)^2]/ sqrt([E(Y^2)-E(Y)^2]).


The formula above used to calculate the cross-correlation coefficient for metrics 1), 2) and 3) is straightforward. However, the value of channel response is a complex value, cross-correlation coefficient for complex value should be written as:


The channel response used in calibration is in the frequency domain. The channel response in Step 11 should do a FFT to obtain the value on the first single subcarrier in a first PRB in an OFDM symbol. Firstly, let’s review the Discrete Fourier Transform. The DFT can be expressed as:




For k=0, . The channel response in time domain with a high cross-correlation coefficient can be maintain after FFT. Otherwise, the term  will destory the high cross-correlation when k is large. This phenomenon can also be observed in Figure 2~3. 
[image: C:\Users\chensy\AppData\Local\Microsoft\Windows\Temporary Internet FilesContent.Word\TD.PNG] [image: C:\Users\chensy\AppData\Local\Microsoft\Windows\Temporary Internet FilesContent.Word\FD.PNG]
Figure 2 Channel response in time domain        Figure 3 Channel response in frequency domain
Hence, using the channel response in k=0 for calibration is a reasonable assumption to maintain the cross-correlation of time domain. Looking back the calibration metrics, the value on the first single subcarrier in a first PRB doesn’t corresponding to k=0 since there is a subcarrier mapping in the simulation, as illustrated in Figure 4. Thus, the value on the first single subcarrier in a first PRB corresponding to a large k index, which can’t refect the truly cross-correlation of time domain. Meanwhile, we find that k=0 corresponding to DC subcarrier which doesn’t be used in downlink, so k=1 should be used in calculating the cross-correlation coefficient of channel response.


Figure 4 Subcarrier mapping
Proposal 1: Using the value in k=1 to calculate the cross-correlation coefficient of channel response
Calibration results for cross-correlation coefficient
In this section, we provide evaluation results of cross-correlation coefficients of the delay, AOA, LOS/NLOS states and channel response for reference. Results are summarized in Figure 5~8.
[image: C:\Users\chensy\AppData\Local\Microsoft\Windows\Temporary Internet FilesContent.Word\delay.png] [image: C:\Users\chensy\AppData\Local\Microsoft\Windows\Temporary Internet FilesContent.Word\AOA.PNG]
Figure 5 Cross-correlation coefficient of delay       Figure 6 Cross-correlation coefficient of AOA
[image: C:\Users\chensy\AppData\Local\Microsoft\Windows\Temporary Internet FilesContent.Word\LOS.PNG] [image: C:\Users\chensy\AppData\Local\Microsoft\Windows\Temporary Internet FilesContent.Word\CIR.PNG]
Figure 7 Cross-correlation coefficient of LOS      Figure 8 Cross-correlation coefficient of CIR
Summary
In this contribution we describe a detailed modeling method of spatial consistency and provide the calibration results of cross-correlation coefficient. Based on the evaluation results, the proposed viewpoint can be summarized as:
Proposal 1: Using the value in k=1 to calculate the cross-correlation coefficient of channel response
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