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In this document, we discuss some issues with scaling of angles for CDL extension in 7.7.5.1 of TR38.901.
Discussion
The angle scaling (and shifting) procedure of CDL channel is described in Section 7.7.5.1 of TR38.901 where the following formula is provided:
.
Two issues have been identified in ‎[1] with this scaling formula and a draft CR has been proposed in ‎[2] to fix the identified issues:
· Issue #1: If , the current angle scaling formula of TR38.901 may cause issue with azimuth angle discontinuity at 180° and -180°. As illustrated in ‎[1], it can cause unwanted consequences when the azimuth angles are around 180° or -180°. To fix this issue, it has been proposed in [1] to use  instead of . 
· Issue #2: 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 . To resolve this issue, a two-step formula has been proposed in ‎[1]:

.

Although the issues identified in ‎[1] are a valid issues, the proposed CR has the following issues: Firstly, the  function is only applicable to azimuth angles, whereas the proposed CR is proposed to all angles including zenith angles. Secondly, the current angle scaling formula of TR38.901 has another issue which has not been addressed in ‎[1]:
· Issue # 3: If , the current angle scaling formula of TR38.901 does not result in the desired . Specifically, linear scaling of the angles by  does not necessarily result in  using the AS definition in Annex A of TR38.901, i.e. . Mathematically speaking,
     with .
To fix this issue, we define a function  where  is the angle scaling factor. For a given , we need to find  such that . It can be shown that  for almost all values of , except for the obvious value of  and possibly a few other values of  corresponding to intersections of  and . To see this, we have plotted  in Figure 1 and Figure 2 for AOA, AOD, ZOA, and ZOD of CDL-B channel together with  (black line) as functions of  and also indicated a red dot corresponding to the point . It can be seen that  for each of AOA, AOD, ZOA, and ZOD of CDL-B is bounded above by some constant. In other words, for each of AOA, AOD, ZOA, and ZOD, there is a certain threshold  such that a value of  cannot be achieved by linear scaling of the angles.
Observation 1: For each of AOA, AOD, ZOA, and ZOD, there is a certain threshold  such that a value of  cannot be achieved by linear scaling of the angles.
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[bookmark: _Ref147414035]Figure 1. AS plot for AOA and AOD of CDL-B channel.
 [image: ] [image: ]
[bookmark: _Ref147408787]Figure 2. AS plot for ZOA and ZOD of CDL-B channel.
It can also be seen from the figures that  is not an invertible function, and thus, there might be more than one answer for  for a given , in which case we can take the minimum value of those answers as the value of :

In summary, the following angle scaling formula would resolve all three issues #1, #2, and #3:
,
where
,
and

Proposal 1: Adopt draft Rel-17 CR of ‎[3] to TR38.901 Section 7.7.5.1.

Conclusions
In this contribution, we analyzed issues with the current angle scaling formula of TR38.901 and have the following observation and proposal:
Observation 1: For each of AOA, AOD, ZOA, and ZOD, there is a certain threshold  such that a value of  cannot be achieved by linear scaling of the angles.
Proposal 1: Adopt draft Rel-17 CR of ‎[3] to TR38.901 Section 7.7.5.1.
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Appendix A - Draft CR to 38.901 Section 7.7.5.1
*** Unchanged text omitted ***
[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)
where
,
and





		(7.7-5)
in which:

	is the tabulated CDL ray angle

	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 which wraps an azimuth angle 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 1: 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.
Note 2: For each of AOA, AOD, ZOA, and ZOD, not all desired AS values, , larger than the model AS value, , may be achievable by equation (7.7-5). 
*** Unchanged text omitted ***
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