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1. Introduction
In RAN1#84bis meeting, there were extensive discussions and the corresponding agreements on fast fading modeling for channel modeling above 6GHz [1]. In this contribution, we discuss remaining issues on fast fading modeling that needs to be further clarified. 
2. Remaining issues on fast fading modeling 
It should be noted that there are several remaining issues on fast fading modeling for channel model above 6GHz. In what follows, we discuss the remaining issues that should be resolved not only for full calibration but also for channel model itself. (Note that the issues herein are based on the latest version of TP provided by rapporteur.) 
Firstly, as noted by multiple companies, the cross-correlation matrix of the large scale parameters is not shown to be  positive definite for UMa and UMi-Street canyon O-to-I scenarios, which makes correlation of the large scale parameters impossible. Two approaches may be considered to resolve this issue as follows: 
· Approach 1: Adjusting cross-correlation values to ensure that the cross-correlation matrix is positive definite.

· Approach 2: Reusing the cross-correlation matrix from TR 36.873 [2].

The former approach can be realized by a transformation from original cross-correlation matrix into the closest possible positive semi-definite matrix such as Higham algorithm [3]. However, as discussed in [4], the new cross-correlation matrix may have changes of the rank and the uncorrelated element. To address the issue, the algorithm in [5] is utilized to find the positive definite cross-correlation matrix with the constraint to keep the uncorrelated elements to zero. In appendix A, we provide the modified cross-correlation matrix for UMa and UMi-Street canyon O-to-I scenarios by using the algorithm in [5]. On the other hand, the latter approach can provide the consistency with channel modeling below 6 GHz by simply reusing the existing parameters if no critical issue is arisen. However, it would not reflect new measurements for above 6 GHz [6]. 
Proposal 1: Choose either approach 1 or 2 for the cross-correlation matrix in UMa and UMi-Street canyon O-to-I scenarios. In case approach 1 is preferred, the table in Appendix A can be used for revising the current cross-correlation matrix. 
Secondly, the ZSD and ZoD offset parameters for UMa and UMi-Street canyon O-to-I scenarios are currently missing. The ZoD offset parameters for Indoor-Office scenario are also missing. For full calibration, these missing parts need to be clarified either by reusing the parameters from TR 36.873 [2] or conducting related measurements if possible. At this stage, our preference is to reuse the parameters from TR 36.873. 

Proposal 2: Reuse the ZSD and ZoD offset parameters from TR 36.873 for necessary parameters above 6 GHz. 

Thirdly, only 12, 19, and 20 are currently defined as the number of clusters for ZOA/ZOD generation, however, the numbers of clusters for RMa LOS, RMa NLOS, and indoor office scenarios are 11, 10, and 4, respectively. Hence, it seems necessary to define new scaling factors for ZOA/ZOD generation when the number of clusters is 11, 10, or 4. The scaling factor, C, is used to generate cluster ZOA/ZOD such that the ZOA/ZOD of the generated clusters has the desired angular spread. In [7], the method to determine the value of C for ZOA/ZOD was proposed. Furthermore, it is currently impossible to use this method since the ZSD and ZoD offset parameters are not fully determined yet as already indicated above. In this sense, RAN1 should determine the ZSD and ZoD offset parameters as soon as possible and based on the determination, the scaling factor should be defined for 4, 10, and 11 clusters. 
Proposal 3: After determination of the ZSD and ZoD offset parameters, the scaling factor should be defined based on the determination.
Fourthly, the mean and standard deviation of XPR are currently missing for UMa and UMi-Street canyon LOS/NLOS scenarios. Our suggestion is to reuse the parameters from TR 36.873 for calibration and further study can be done if necessary. 
Proposal 4: Reuse the mean and standard deviation of XPR from TR 36.873 for necessary parameters above 6 GHz.
3. Conclusion
In this contribution, we discussed remaining issues on fast fading modeling for channel modeling above 6GHz. Based on above discussions, we suggest the following proposals: 
Proposal 1: Choose either approach 1 or 2 for the cross-correlation matrix in UMa and UMi-Street canyon O-to-I scenarios. In case approach 1 is preferred, the table in Appendix A can be used for revising the current cross-correlation matrix. 
Proposal 2: Reuse the ZSD and ZoD offset parameters from TR 36.873 for necessary parameters above 6 GHz. 

Proposal 3: After determination of the ZSD and ZoD offset parameters, the scaling factor should be defined based on the determination.

Proposal 4: Reuse the mean and standard deviation of XPR from TR 36.873 for necessary parameters above 6 GHz.
______________________________________________________________________
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Appendix A
The original cross-correlation matrix for UMa and UMi-Street canyon O-to-I scenarios based on [6] is given by
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By adopting the algorithm in [5], the modified cross-correlation matrix for UMa and UMi-Street canyon O-to-I scenarios is given by 
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Correspondingly, the following table of cross-correlations is generated by the above matrices. 
	
	
	Original
	Modified

	Cross-Correlations
	ASD vs DS
	0.4
	0.3433

	
	ASA vs DS
	0.25
	0.1840

	
	ASA vs SF
	0.53
	0.4999

	
	ASD vs SF
	0.2
	0.1709

	
	DS vs SF
	-0.5
	-0.4599

	
	ASD vs ASA
	0
	0

	
	ASD vs K
	N/A

	
	ASA vs K
	N/A

	
	DS vs K
	N/A

	
	SF vs K
	N/A

	Cross-Correlations
	ZSD vs SF
	-0.15
	-0.1690

	
	ZSA vs SF
	0.4
	0.4353

	
	ZSD vs K
	N/A

	
	ZSA vs K
	N/A

	
	ZSD vs DS
	0.01
	-0.0253

	
	ZSA vs DS
	-0.53
	-0.4649

	
	ZSD vs ASD
	-0.2
	-0.1741

	
	ZSA vs ASD
	0.42
	0.3698

	
	ZSD vs ASA
	-0.21
	-0.1829

	
	ZSA vs ASA
	0.23
	0.1820

	
	ZSD vs ZSA
	0.38
	0.3505
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