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	Reason for change:
	
In 38.901 secion 7.7.5.1 the following equation is given for scaling of CDL path angles



The equation, however, does not always achieve the desired angular spread and mean. The AoA and AoD angles in the CDL model are given within the interval [-180, 180]. Thus there is an angle discontinuity at 180 and at -180 degrees which can cause problems. 

Consider a channel model with an angular mean of 179 degrees and one ray 10 degrees away from the mean on each side, i.e.:


Now scale this with a scaling factor 

Then ray 1 is scaled to 

as it should to 2.5 degrees away from the mean angle, but ray 2 is scaled to

-87.5 degrees from the mean angle. Instead of being scaled closer to the mean the second ray is scaled further away from the mean and even ends up on the other side of the mean.

This problem is easily solved by modifying the formula to

where the function  wraps the angle to the interval [-180, 180]. Using this formula we get


Thus the rays are scaled to be 2.5 degrees away from the mean on each side.

The formula

in 38.901 has one more problem. As explained in Appendix A in R1-2309213, scaling and rotation has to be performed in separate steps in order to achieve the desired mean exactly. Even with the wrapping corrected formula the CDL-A scaling example above gives an error of 4 degrees for the resulting mean angle. The solution is to use the following two steps:

.


	
	

	Summary of change:
	Correct the formular by wrapping the intermediate ray angle to interval [-180,180]
Introduce two steps solution using intermediate ray angles to achieve desired angular mean after scaling.


	
	

	Consequences if not approved:
	Serioius impact on channel characteristics that are crucial for radio communiation. For a 3.5GHz carrier and a UE speed of 10km/h moving in the direction towards the BS the uncorrected formula gives a Doppler spread of 21.3 Hz while the corrected formula gives a Doppler spread of 10.6 Hz, i.e. a factor two difference.
Using the current formula in TR 38.901 for scaling of CDL ray angles can lead to problems in understanding results from performance evaluations. We also think there is a risk that some companies have understood the intent of the formula and therefore implemented the corrected formula with wrapping, while others have implemented exactly what is written in the TR. If companies make different implementations this can lead to problems when comparing evaluation results from different companies. 
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	Other comments:
	Isolated Impact analysis:

This CR has isolated impact as it only affects the channel characteristics of certain simulation setups for CDL models. The CR has no direct impact on UE implementation or network implementation.
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[bookmark: _Toc493104229][bookmark: _Toc20320132][bookmark: _Toc20340155][bookmark: _Toc95330883]7.7.5.1	CDL extension: Scaling of angles

The angle values of CDL models are fixed, which is not very suitable for MIMO simulations for several reasons; The PMI statistics can become biased, and a fixed precoder may perform better than open-loop and on par with closed-loop or reciprocity beamforming. Furthermore, a CDL only represents a single channel realization. The predefined angle values in the CDL models can be generalized by introducing angular translation and scaling. By translation, mean angle can be changed to  and angular spread can be changed by scaling. The translated and scaled ray angles can be obtained according to the following equation:

	                 (7.7-5)	(7.7-5)
in which:

	is the tabulated CDL ray angle
 is the intermediate ray angle calculated according to equation 7.7-5

	is the rms angular spread of the tabulated CDL including the offset ray angles, calculated using the angular spread definition in Annex A

	is the mean angle of the tabulated CDL, calculated using the definition in Annex A
 is the mean angle of the intermediate ray angles, calculated using the definition in Annex A

	is the desired mean angle

	is the desired rms angular spread

	is the resulting scaled ray angle
 is a function wrapping angles to the interval [-180, 180]..
The angular scaling is applied on the ray angles including offsets from the tabulated cluster angles. Typical angular spreads for different scenarios can be obtained from the system-level model.
Example scaling values are: 
-	AOD spread (ASD) for each CDL model: {5, 10, 15, 25} degrees. 
-	AOA spread (ASA) for each CDL model: {30, 45, 60} degrees. 
-	ZOA spread (ZSA) for each CDL model: {5, 10, 15} degrees.
-	ZOD spread (ZSD) for each CDL model: {1, 3, 5} degrees.
The angular scaling and translation can be applied to some or all of the azimuth and zenith angles of departure and arrival.
Note: The azimuth angles may need to be wrapped around to be within [0, 360] degrees, while the zenith angles may need to be clipped to be within [0, 180] degrees. 
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