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1 [bookmark: _Toc101615135]Introduction
[bookmark: _Hlk75780291]1.1 Issue 1: scaling of angles for CDL models
In section 7.7.5.1 of TR 38.901 the following equation is given for scaling of CDL path angles

The intention is to scale the path angles around the angular mean to achieve the desired angular spread and then rotate the path angles to achieve the desired angular mean as illustrated in Figure 1.
[image: ]
[bookmark: _Ref144894320]Figure 1 Illustration of scaling and rotation of path angles to achieve the desired angular spread and mean.

Issues related to angular scaling of CDL models were discussed in RAN1#114bis meeting on following perspectives:
· Wrapping on Azimuth angle
· Desired angle mean
· Desired angle spread
Contributions [1]-[6] for RAN1#115 provide different views on how to resolve those issues with following observations and proposals:


	Company
	Conclusions

	Ericsson [1]
	[bookmark: _Toc146575370]Adopt draft Rel-17 CR to 38.901 Section 7.7.5.1 in [1]


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 (dependent on Phy interdemiate)

	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]


	Nokia [2]
	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 .

	Intel [3]
	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] [-180, 180] 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). 


	ZTE [4]
	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.

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].



	Huawei, HiSilicon [5]
	Proposal 1: The angles for CDL channel is scaled as below
	,                  (7.7-5)
where
,
and







	Samsung [6]
	Proposal 1. No need to introduce wrapping around [-180,180] for the term “” for azimuth angle. 
Proposal 2. If proposal 1 is not enough, we may introduce a note as “Assuming that “” is wrapped within [-180, 180], if , then  is set to {360 -  else if, , then  is set to {-360 - .
Proposal 3. Since the current scaling operation is not designed to get exact expected scaling, keep the current scaling operation as is.
Proposal 4. If an update for scaling part is needed, we may add a note prohibiting large value of scaling factor, or reopen this issue in Rel-19 channel model study phase.








1.2 Issue 2: correction of an erroneous reference to a figure
In draftCR [7], an erroneous reference to a figure in 38.901 Clause 7.5 was identified. 7.5	Fast fading model

< Unchanged parts are omitted >

Step 1: Set environment, network layout, and antenna array parameters


a)	Choose one of the scenarios (e.g. UMa, UMi-Street Canyon, RMa, InH-Office or InF). Choose a global coordinate system and define zenith angle θ, azimuth angle ϕ, and spherical basis vectors ,  as shown in Figure 7.3-2Figure 7.5-2. Note: Scenario RMa is for up to 7GHz while others are for up to 100GHz
b)	Give number of BS and UT
c)	Give 3D locations of BS and UT, and determine LOS AOD (ϕLOS,AOD), LOS ZOD (θLOS,ZOD), LOS AOA (ϕLOS,AOA), and LOS ZOA (θLOS,ZOA) of each BS and UT in the global coordinate system
d)	Give BS and UT antenna field patterns Frx and Ftx in the global coordinate system and array geometries
e)	Give BS and UT array orientations with respect to the global coordinate system. BS array orientation is defined by three angles ΩBS,α (BS bearing angle), ΩBS,β (BS downtilt angle) and ΩBS,γ (BS slant angle). UT array orientation is defined by three angles ΩUT,α (UT bearing angle), ΩUT,β (UT downtilt angle) and ΩUT,γ (UT slant angle).
f)	Give speed and direction of motion of UT in the global coordinate system


g)	Specify system centre frequency  and bandwidth 
Note:	In case wrapping is used, each wrapping copy of a BS or site should be treated as a separate BS/site considering channel generation.


< Unchanged parts are omitted >







This document is provided to discuss whether/how to resolve these issues in RAN1#115.
2	Discussion Round 2
In second round of discussion, based on outcome of first round, we work on adding notes and clarification to  resolve the acknowldeged ambiguity and discontinuity when scaling angles in CDL models across the wrapping boundary. If agreeable, we can add another clarification on the result of angle scaling using current formulation may or may not achieve the desired angle spread and angle mean.

2.1 Add note to avoid ambiguous operation in the angle scaling.
Moderator propose to start with modifying the following note to subclause 7.7.5.1:
Note: For the operation  in 7.7-5, the angle range after the operation shall be wrapped to the interval [-180, 180].


	Company
	Comments

	Ericsson
	We understand there’s concern on modifing the formula, the note is a good way to bring the attention that wrapping need to conducted here and is a good way to avoid different implementation of different companies.

	Samsung
	We are okay to make a note, and we would like to modify the note as follows: 
 Note: The azimuth angles of should be wrapped around to be within [-180, 180] degrees.
We believe this version is more consistent with the other notes in the spec.

	Intel
	Agree with Samsung’s suggestion above.

	Ericsson
	The original works also for Zenith since the range after deviation/substraction for Zenith angels will be within [-180, 180]. Having said that, we are fine with the suggested modification by Samsung. 

	ZTE
	Fine with the suggestion

	
	

	
	






2.2 Add note to clarify the desired angle spread and angle mean.
Q: Do you support to add note to clarify the fact that the linear scaling of angles does not achieve the precise desired angle mean and angle spread? If the answer is YES, please share you view on the text for the note.
Moderator propose to add the following note to subclause 7.7.5.1:
Note: The resulting scaled ray angle may or may not achieve desired angle mean and angle spread.


	Company
	Comments

	Ericsson
	Support.

	Samsung
	We are okay to make a note, and we would like to modify the note as follows: 
Note: The resulting scaled ray angle may or may not achieve the desired angle mean and the desired rms angle spread.

	Intel
	Ok with Samsung’s suggestion above.

	Ericsson
	Fine with the update suggested by Samsung.

	ZTE
	Fine with the suggestion

	
	

	
	

	
	

	
	













2.3 Round 2 Conclusion
Based on companies’ input in Round2 I’d like to propose to endored the TP for 38.901 with adding following notes to clause 7.7.5.1:
[bookmark: _Hlk151019732]Note: The azimuth angles of should be wrapped around to be within [-180, 180] degrees.
Note: The resulting scaled ray angle may or may not achieve the desired angle mean and the desired rms angle spread.

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)
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 desired mean angle

	is the desired rms angular spread

	is the resulting scaled ray angle.
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 of should be wrapped around to be within [-180, 180] degrees.
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. 
Note: The resulting scaled ray angle may or may not achieve the desired angle mean and the desired rms angle spread.





3 Contact information
Please add your contact information to the table.
	Company
	Delegate
	Email

	Ericsson
	Jianwei Zhang
	jianwei.zhang@ericsson.com

	Samsung
	Hyemin Choe
	hams.choe@samsung.com 

	Intel
	Daewon Lee
	daewon.lee@intel.com

	ZTE
	Nan Zhang
	Zhang.nan152@zte.com.cn

	
	
	




















[bookmark: _Toc101615136]4	(Finished)Discussion Round 1 
4.1 Issue 1: scaling of angles for CDL models
In first round of discussion I’d like to start asking questions to get a high level unstanding of company’s position instead of diving deeply into the problem and open all the issues. 
My plan is to first discuss if clarification on the incontinuity caused by wrapping boundary of azimuth angles is needed. If Yes, which way of clarification is preferred. This is the minimum step one can do to align the understanding of this issue.
Second step of discussion includes a few high level questions in oder to align understanding on the accuracy expectation of scaling of angles in 38.901 to achieve desired angle mean and angle spread. 
In [1][2] states the error of angle mean with current formulation is more critical than error of angle spread and hence need to be fixed. In [4],”Table 1 Maximum error of AOA spread and mean angle for CDL-A, CDL-B and CDL-C channel”, shows the simulation results that maximum error of angle mean is much larger than the maximum error of angle spread. If RAN1 reach consensus on only modify the angle mean to achieve, the modification proposed in [1] can be a good starting point. 
Second round of discussion would be dependent on the outcome of Round 1. In order to further discuss how to update the angle scaling formulation to reach desired angle spread, we need Round 1 consensus that a precise angle spread after the scaling is required. Note that it is pointed out in [6] the current scaling option is not designed to get exact expected scaling, that RAN1 shall keep the scaling operation and if needed add a note to prohibit large value of scaling factor.
Here are the Round 1 questions for you to answer.
Q1: For the issue on angle scaling for the CDL models with angle discontinuity at angle wrapping boundary, do you acknowledge current description using following formulation in 38.901 can be missguided and gives error result? 


	Company
	Comments

	Ericsson
	Yes. This is issue raised by two of Ericsson colleagues who noticed strange behavior in different simulations and found problem in this part of specs when they implemented the scaling according to the formular. 

	Intel
	Yes.

	ZTE
	It’s related to the implementation of the equation to whether consider the wrap around operation.

	Nokia
	Agree that the current formulation is ambiguous.

	Samsung
	We do not think that the current formula causes a problem. It is a common understanding that  is within the range of [-180, 180] degrees. This can be seen in the note added to the spec as below. 
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.
When calculating azimuth and zenith angles, the wrapping operation is already taken into consideration. Therefore, the current specification is already sufficient.

	
	

	
	

	
	





[bookmark: _Hlk150794538]Q2: Are you OK to fix the issue on angle scaling for CDL models with angle discontinueity at angle wrapping boundary? 
If your answer is YES, which option is your preference?
· Option 1: Add wrapTo180 in the formula as is suggested in [1].
· Option 2: Clarify it with text as is suggested in [4] and [5]. 

 If your answer is NO, please elaborate your view.

	Company
	Comments

	Ericsson
	We prefer Option 1. Because we think it is simple and clear to modify the formula with adding wrapTo180 than to clarify the operation with text. With the modification in Option 1 one can make sure same angle scaling results can be achieved. We can be open to clarify it with text if the updated text is simple and clear.

	Intel
	Option 1.
The issue with option 2 is that if we assume all individual angles are wrapped around or clipped depending on azimuth or zenith angles, then it may lead to different results. An example of the issue with option 2 is provided in R1-2311537.

	ZTE
	Option-2, We prefer to go with Option-2.

	Nokia
	Slight preference to option 2.  In our view, the issue is that we are performing a linear operation (angular scaling) in conjunction with a non-linear operation (angle wrapping).  In this case, it should be made clear that the angle scaling operation is applied on the unwrapped angles.  As the results in [3] indicate, the angular scaling operation can not work for all scaling values as intended over the wrapped angular domain.  

	Samsung
	As we mentioned above, we think the current spec is clear so that there is no issue to fix. 

	
	

	
	

	
	




Q3: To achieve desired angle mean after scaling, do you acknowledge current formulation can produce undesired result? Are you OK to fix the issue for angle mean for Rel-17 spec? 

	Company
	Comments

	Ericsson
	We prefer to fix the angle mean for Rel-17 first. Achieve desired angle mean is more important than achieve desired angle spread for each angle. 

	Intel
	Yes. We should fix the angle mean issue.

	ZTE
	No. For the impacts after scaling, as shown in the results (figure 1 ) in our contribution R1-2311196, the mean value is quite close to the desired value. Then, no change is also acceptable.

	Nokia
	Ok to support.

	Samsung
	The current formula can produce a different value from the desired one.  
However, unless a large scaling factor is used – which is not a typical use case – the value obtained from the current formula is quite close to the desired value. Furthermore, the purpose of the scaling is not to calculate scaled ray angles accurately. This scaling is intended to facilitate the use of various PMI values across simulations. 
Thus, updating the formula for results with high precision is unnecessary so that we do not support this. 

	
	

	
	

	
	



Q4: To achieve desired angle spread after scaling, do you acknowledge current formula can lead to undesired result? Are you OK to fix the issue for angle spread for Rel-17 spec?

	Company
	Comments

	Ericsson
	We are aware that the linear scaling is not optimum for angle spread. If RAN1 want to achieve precise and accurate scaling, we are open for discussion. To resolve this problem we may need further study on the solutions.

	Intel
	Yes. We should fix the angular spread issue.

	ZTE
	As shown in the results (figure 1 ) in our contribution R1-2311196, the final results is closed to the desired value according to to the typical spread value.

	Nokia
	If the text makes it clear that angle scaling is performed on unwrapped angles, then the results should be as intended.  The wrapping operation ensures that there will be a limit to how far the angular spread can be scaled.  A correction to clarify how the angular spread should be scaled is preferred.  Otherwise, a simple operation to avoid the unintended results may be agreeable, provided the proposed solution does not significantly increase computation.

	Samsung
	Same as above.

	
	

	
	

	
	



4.2 Issue 2: Correction of reference to a figure
Q1: Are you OK to adopt the draftCR in [7]? If not, please elaborate your view.
	Company
	Comments

	Ericsson
	This CR is proposed by us. We are OK to adopt it.

	Intel
	Generally ok. It should be noted that this CR does not fix the angular spread issue. Additionally, the note in [11]	R1-2311538 should be adopted as well.
Our preference to adopt the draft CR R1-2311538 which should include all changes in [7].

	Nokia
	Ok to support.

	Samsung
	We are okay to correct the reference to the figure.

	
	

	
	

	
	

	
	



4.3 Moderator Summary of Round 1
For Issue 1, it seems adding a note to clarify the angle wrapping is more preferred than making modification on the formular. For the corrections for angle mean and angle spread, as there’s strong concern on making any change on the formular, we will not try to make any change for Rel-17.
For the Round 2 discussion of Issue 1 let’s focus on how to address the issue on angle scaling for CDL models with angle discontinueity at angle wrapping boundary. 

For Issue 2, all companies are OK to adopt the draftCR in [7] to correct the reference.
1. Adopt the draft CR to 38.901 in R1-2310946
7.5	Fast fading model

< Unchanged parts are omitted >

Step 1: Set environment, network layout, and antenna array parameters


a)	Choose one of the scenarios (e.g. UMa, UMi-Street Canyon, RMa, InH-Office or InF). Choose a global coordinate system and define zenith angle θ, azimuth angle ϕ, and spherical basis vectors ,  as shown in Figure 7.3-2Figure 7.5-2. Note: Scenario RMa is for up to 7GHz while others are for up to 100GHz
b)	Give number of BS and UT
c)	Give 3D locations of BS and UT, and determine LOS AOD (ϕLOS,AOD), LOS ZOD (θLOS,ZOD), LOS AOA (ϕLOS,AOA), and LOS ZOA (θLOS,ZOA) of each BS and UT in the global coordinate system
d)	Give BS and UT antenna field patterns Frx and Ftx in the global coordinate system and array geometries
e)	Give BS and UT array orientations with respect to the global coordinate system. BS array orientation is defined by three angles ΩBS,α (BS bearing angle), ΩBS,β (BS downtilt angle) and ΩBS,γ (BS slant angle). UT array orientation is defined by three angles ΩUT,α (UT bearing angle), ΩUT,β (UT downtilt angle) and ΩUT,γ (UT slant angle).
f)	Give speed and direction of motion of UT in the global coordinate system


g)	Specify system centre frequency  and bandwidth 
Note:	In case wrapping is used, each wrapping copy of a BS or site should be treated as a separate BS/site considering channel generation.


< Unchanged parts are omitted >
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Appendix A – Properties of angular spread and mean
In appendix A1 and A2 in TR 38.901 the angular spread (AS) and the power weighted mean angle  are defined as




where  is the power for the mth subpath of the nth path and  is the subpaths angle (either AOA, AOD, ZOA, ZOD) given in radians.
One may note that a rotation of the subpath angles

leaves the angular spread unchanged

while the mean angle is rotated with the same angle 

Scaling of subpath angles around the mean angle, doesn’t however in general leave the angular mean unchanged. Consequently, scaling with a factor  around the mean angle, followed by a translation with a desired mean angle 

doesn’t in general give the desired mean angle. Consider the following counter example with two rays




With

Scale the angles around the mean with a factor  and translate with a desired mean angle 

This gives

In order to get the desired aungular spread and the desired angular mean one has to perform the scaling and the rotation as two separate steps.






Appendix B – Draft CR to 38.901 Section 7.7.5.1 [1]
*** Unchanged text omitted ***
[bookmark: _Toc95330883][bookmark: _Toc20320132][bookmark: _Toc493104229][bookmark: _Toc20340155][bookmark: _Toc36498193][bookmark: _Toc29899162][bookmark: _Toc29899580][bookmark: _Toc45699221][bookmark: _Toc26719427][bookmark: _Toc29917319][bookmark: _Toc129774588][bookmark: _Toc12021490][bookmark: _Toc20311602][bookmark: _Toc29894863]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 (dependent on Phy interdemiate)

	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. 
*** Unchanged text omitted ***

Appendix C - Draft CR to 38.901 Section 7.7.5.1[3]
*** Unchanged text omitted ***
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] [-180, 180] 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 ***

Appendix D - Draft CR to 38.901 Section 7.7.5.1[4]
*** Unchanged text omitted ***
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 ***
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