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Introduction
In RAN1#114bis a contribution [1] was brought identifying a potential issue in scaling the angular spread of channel realizations created using the TR 38.901 channel model [2].  Additionally, one other company shared their views on this issue [3].  This contribution summarizes our understanding of the TR 38.901 channel model and the issue identified.
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In RAN1#114bis, three specific issues were identified as follows:
1. When angles of arrival/departure are generated for the CDL near the wrapping boundary angle, scaling the angular spread of the CDL realization can produce unwanted results if not careful about the order of operations. 

To illustrate following example was provided 

· Assume a cluster with mean AOD,  rays 1 and 2 are generated with AOD,  and 
· If you wanted to scale the AS to be 0.25 of the model that generated, you would use the equation provided in (7.7-5) of TR 38.901
· 

As can be seen from the example, the scaled AODs produce an AS that is greater than the original AS even though the goal was to reduce the AS.  The problem in this case is the wrapping boundary producing a non-linearity which means that the order of operations can’t be changed arbitrarily.  Since the AODs are generated randomly and then wrapped, some assumptions are being made about how  and  are being generated.  It is not stated, but implied that  was first drawn from a normal distribution as 181, but then wrapped to .  In that case, the problem occurs because the original angle was wrapped before the transformation, but if the scaling operation was performed on the originally unwrapped AODs the problem does not occur.  The proposed solution corrects for the current formulation by changing (7.7-5) to:

This is not strictly needed if the scaling operation is performed on unwrapped angles, but more generally the problem illustrated can not be fully solved because the unwrapped distribution for AOD/AOA has infinite support and the wrapping function can produce non-linear distortion.  Intuitively the angular spread can not be scaled indefinitely because any individual ray can not be further than 180 from the mean once wrapped.  As the proposed solution mitigates the problem we may be supportive of either the proposed correction, or a clarification in the text that the transformation must be performed on the unwrapped angles, 
Proposal 1:	Correct for potential non-linear distortions from angle domain boundaries created by phase wrapping using either the correction provided in [1], or indicating clearly that angular spread trannsformation must be done using unwrapped angles as input.

1. If , the mean angle is also impacted by the AS scaling factor , and as a result, the current angle scaling formula of TR38.901 does not result in desired mean angle .

This issue has been illustrated using the CDL-A model and attempting to scale the angular spread to . CDL-A has the following relevant parameters:
· 
· 

As demonstrated, attempting to scale only the angular spread results in a significant change in the mean angle for the CDL.  In this case, the issue appears to be more significant and a correction is necessary. The solution proposed to correct for this in [1] is as follows:


            
As this approach addresses of mean variance due to angular spread transformation, we can support this correction.
Proposal 2:		Correct for potential mean variance of angular spread transformation using the correction proposed in [1].

1. If , the current angle scaling formula of TR38.901 does not result in the desired .

The problem as identified in [3], is that using the linear transformation provided in (7.7-5) of [2] does not produce a linear change in observed angular spread of the CDL channel realizations.  The relation between scaling factor and desired angular spread is non-linear and non-invertible.  Additionally, as demonstrated, beyond a certain threshold for scaling, the proposed technique is not capable of increasing the observed angular spread.  This is consistent with the understanding of the non-linearity and periodic nature of the phase wrapping process.  The solution proposed in [3] seems to be to solve the following function computing optimal scaling for a target angular spread via numerical computation.


While this approach should produce better agreement between the observed angular spread of the CDL realization and the target, there is concern with the computational complexity of the proposed approach as the potential require numerical computation for the optimal scaling factor in each channel realization could create a significant bottleneck in simulation processing.  As illustrated in [3], the legacy approach seems to provide fairly good agreement over a smaller subset of scaling factors. It may only be necessary to correct in cases where the desired angular spread is significantly larger than the model angular spread, and in those case even non-linear mitigation techniques may only provide limited benefit.  For these reasons, other potential solutions should be considered before correcting issue #3.
Proposal 3:		Further consider the tradeoff between model precision and computation complexity before addressing the issue of mismatch between observed and desired CDL angular spread .

Conclusion
The following proposals are presented for consideration regarding scaling of MPC angles for CDL channel realizations from the TR 38.901 channel model:
Proposal 1:	Correct for potential non-linear distortions from angle domain boundaries created by phase wrapping using either the correction provided in [1], or indicating clearly that angular spread trannsformation must be done using unwrapped angles as input.
Proposal 2:Correct for potential mean variance of angular spread transformation using the correction proposed in [1].
Proposal 3:Further consider the tradeoff between model precision and computation complexity before addressing the issue of mismatch between observed and desired CDL angular spread .
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