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1 [bookmark: _Toc101615135]Introduction
[bookmark: _Hlk75780291]In this contribution we discuss a Rel-17 correction regarding angular scaling of CDL models. The corresponding draft CR is in [1].

[bookmark: _Toc101615136]2	Discussion
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.
This formula doesn’t, however, always give the wanted result. 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 problem described above has serious consequences. Consider the AoA for CDL-A which has


The example values for the AoA spread given in 38.901 are {30, 45, 60} degrees. The most commonly used value in 3GPP simulation work is 45 degrees. Scaling the CDL-A model to 45 degrees AoA spread gives

The scaling formula in 38.901 clearly doesn’t give the desired mean direction.
The error in the scaling formula also has serious impacts on the channel characteristics that are crucial for radio communication. 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.
The formula

in 38.901 actually has one more problem. As explained in Appendix A, 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


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. We propose that the description of angular scaling in TR 38.901 is corrected to avoid such problems in the work on future NR releases as well as on 6G.

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



3 Discussion on different views shared during RAN1#114bis meeting
During RAN1#114bis meeting companies have had short online discussion on the issues we brought up.
One comment was that the note at the end of Clause 7.7.5.1 -- 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 -- was meant to resolve the issue. It is true if the reader of this part of specs is familiar with the previous discussion and applies the wrapping  for each anglular element in the formula. However for a reader not aware of this issue and implementing the scaling strictly according to the formula in current specs, as the formula uses mathematical expression of equality that is assumed to be precise and accurate, the erroneous scaling would happen.
Another comment was that the CR is late for NR and therefore shall not be further discussed. This is a sensible comment. Our thinking is to fix the error now, then in 6G RAN1 we can work on better modeling from the start.
In [2] a third issue on angle scaling has been identified: using current AS function for scaling of the angles does not result in desired spread, in particular for larger scaling values of more than 2 for Azimuth angles and more than 10 for Zenith angles. On this third issue we acknowledge that the problem is valid, and we are open to discuss it.






[bookmark: _Toc101615138]Conclusion
In this paper we propose the following:
Proposal 1	Adopt draft Rel-17 CR to 38.901 Section 7.7.5.1 in [1]

[bookmark: _In-sequence_SDU_delivery][bookmark: _Toc101615139]References
[bookmark: _Ref100327277][bookmark: _Ref60753713][bookmark: _Hlk75780486]R1-2310946, “Draft CR on scaling of angles for CDL models”, Ericsson, RAN1#115, November 2023.
R1-2310339, “Discussion on angle scaling procedure for CDL channel in TR38.901”, Intel, RAN1#114bis, October 2023



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
*** Unchanged text omitted ***
[bookmark: _Toc493104229][bookmark: _Toc20320132][bookmark: _Toc20340155][bookmark: _Toc95330883][bookmark: _Toc12021490][bookmark: _Toc20311602][bookmark: _Toc26719427][bookmark: _Toc29894863][bookmark: _Toc29899162][bookmark: _Toc29899580][bookmark: _Toc29917319][bookmark: _Toc36498193][bookmark: _Toc45699221][bookmark: _Toc129774588]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 ***
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