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In RAN1#114-bis meeting, the following guidance is provided regarding the potential issues on angle scaling for CDL model extension in TR 38.901 [1] 
	For future meetings
Companies to further check the channel model for 0.5 ~ 100 GHz and continue discussion in RAN1#115.


In this contribution, the detailed analysis with corresponding suggestions are provided.
Discussion on the potential issues for model extension
In TR38.901, the translated and scaled ray angles can be obtained according to the following formula:

As interpreted in the [1] and [2], the above formulation will lead to the following two issues:
· Issue 1: The angle scaling formula of TR38.901 may cause issue with azimuth angle discontinuity at 180° and -180°. As illustrated in ‎[1], the result of  may greater than 180°or less than -180°when the azimuth angles are around 180° or -180°. In this situation, the ray is scaled to the wrong direction and the final angular spread and mean angle are far from desired. 
· Issue 2: Linear scaling of the angles by  does not necessarily result in  using the AS definition in Annex A of TR38.901. Additionally, it also has impacts on the accuracy of obtained .
It means that the existing solution will provide the unwanted result, especially, when angular scaling is applied on AOA. According the interpretation, the similar observation can be made based on the results shown in Figure B-1, where the angular spread and mean angle for AOA of CDL-A, CDL-B, CDL-C, CDL-D and CDL-E channel are provided. The black lines represent the situation that angular spread and mean angel after angle scaling are equal to the angular spread and mean angle that desired. The red lines represent that the ray angles are translated and scaled according to the formula in TR38.901. It can be seen that the error of angular spread and mean angle is significant.
· For Issue 1:  
The essential part is due to the large deviation value (i.e., the result of  may greater than 180°or less than -180°). To fix this issue, it should be noticed that there is a note “The azimuth angles may need to be wrapped around to be within [0, 360] degrees” in TR38.901. With this note, if the mean angle of azimuth angles is around 180° or -180°, the azimuth angles need to be wrapped around to be within [0, 360] degrees before scaling to guarantee the absolute value of  is not greater than 180°. In this way, the angular spread and mean angle after angel scaling are as shown in Figure 1. It can be seen that the significant error caused by angle discontinuity is fixed. Then, instead of replacing the TR with   , the existing formulation   can be kept.  
Observation 1: The issue caused by the azimuth angle discontinuity at 180° and -180° can be fixed by wrapping azimuth angles to [0, 360] degree.
· For Issue 2:  
If the desired angular spread is large, the error may be significant as shown in [2], but in the commonly used value range in 3GPP simulation work the error will be small enough to ignore. Taking the AOA spread as an example, the candidate values for the AOA spread given in 38.901 are {30, 45, 60} degrees. The angular spread and mean angle after linear angle scaling are shown in Figure 2 for AOA of CDL-A, CDL-B, CDL-C, CDL-D and CDL-E channel. And the maximum error of AOA spread and mean angle for CDL-A, CDL-B and CDL-C channel are list in Table 1. As show in Figure 1 and Table 1, if the range of desired AOA spread is within [0,60] degree, the error of AOA spread and mean angle of CDL-A, CDL-B and CDL-C is extremely small. As for CDL-D and CDL-E which are constructed for LOS, the AOA spread of the tabulated CDL-D is 15°, and the AOA spread of the tabulated CDL-E is 28°. Normally, the desired angular spread will not be much larger than the angular spread of the tabulated CDL. As shown in the Table 7.5-6 of TR38.901, the cluster ASA of LOS channel is 17°in UMi, 11°in UMa , 3°in RMa and 8°in indoor-office. Thus, in the commonly used value range, the error of AOA spread and mean angle of CDL-D and CDL-E channel is also small enough to ignore. 
Table 1 Maximum error of AOA spread and mean angle for CDL-A, CDL-B and CDL-C channel.
	
	CDL-A
	CDL-B
	CDL-C

	Maximum error of AOA spread
	0.32°
	0.30°
	0.26°

	Maximum error of mean angle
	4.6°
	1.3°
	2.9°


Meanwhile, as identified in [2] , there is a certain threshold  such that the value of  cannot be achieved by linear scaling of the angles. Nevertheless, the threshold is much larger than commonly used spread value in 3GPP simulation work. Thus, the threshold has a minimal impact on the simulation work.
Observation 2: In the commonly used range of angular spread in 3GPP simulation work, the error of angular spread and mean angle caused by the linear scaling is small enough to ignore. 
Proposal 1: The modification to angle scaling formula in TR38.901 is unnecessary.
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Figure 1. Angular spread and mean angle for AOA of CDL-A, CDL-B, CDL-C, CDL-D and CDL-E channel with wrapping around of value into [0, 360].
Potential changes to achieve the ideal extension
Although the above analysis shows that the accuracy of existing approach seems acceptable, if accurate angular spread and mean angle are needed, the following updates based on the two-step formula can be considered. 
In [2], another angle scaling formula has been proposed:
,
where
,
and


	
Although the formula can resolve the issue 1, the definition of  is incorrect in the formula proposed. The angular spread after scaling can be written as

where . The value of  is one of 0°，360°and -360°，and is different for each , thus

. To fix this problem, the proposed function can be updated as

where  is the angle scaling factor, . For a given , we need to find  such that . 
In summary, the following angle scaling formula can give accurate angular spread and mean angle:
,
where
,
and




The corresponding evaluation results in Figure 2 for AOA of CDL-B channel, where Case 1 represents the ray angles are translated and scaled according to the formula we proposed, case 2 represents the ray angles are translated and scaled according to  the formula proposed in [1] and case 3 represents the ray angles are translated and scaled according to  the formula proposed in [2]. As shown in Figure 3, only case 1 will lead to the accurate angular spread.
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Figure 2. Angular spread and mean angle plot for AOA of CDL-B channel.
Proposal 2: If accurate angular spread and mean angle are needed, adopt draft Rel-17 CR in appendix A to TR38.901 Section 7.7.5.1.
Conclusion
In this contribution, we provide our analysis and proposal for issues with angle scaling for CDL models.
Observation 1: The issue caused by the azimuth angle discontinuity at 180° and -180° can be fixed by wrapping azimuth angles to [0, 360] degree.
Observation 2: In the commonly used range of angular spread in 3GPP simulation work, the error of angular spread and mean angle caused by the linear scaling is small enough to ignore.
Proposal 1: The modification to angle scaling formula in TR38.901 is unnecessary.
Proposal 2: If accurate angular spread and mean angle are needed, adopt draft Rel-17 CR in appendix A 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: _Toc20340155][bookmark: _Toc493104229][bookmark: _Toc20320132][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: 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.
*** Unchanged text omitted ***
Appendix B – Evaluation results for the issues of model extension
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Figure B-1. Angular spread and mean angle plot for AOA of CDL-A, CDL-B, CDL-C, CDL-D and CDL-E channel without wrapping around of value into [0, 360].
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