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Introduction
Current NTN CDL/TDL models in TR 38.811 [1] are taken from an interim proposal [2] before simulation data were consolidated for channel parameters. Since then, more ray tracing results became available and channel parameters have been revised [3]. Most notable change is that the numbers of clusters are less than the originally proposed channel models [1] in urban, suburban, and rural environments. Consequently additional angle scaling factors for lower cluster numbers have to be added for NTN channel model in [4]. With the latest channel model update, CDL/TDL models for link level simulation need to be revised consistently.
There are many possible scenarios for link simulations, with combinations frequency band, environment, LOS condition, and elevation angle. It is highly desirable for the link level channel models to be scalable for the desired scenario in simulation. In this contribution, we propose a few CDL/TDL models that can be scaled to meet the delay spread, angular spreads, and Rician K in case of LOS for the intended link simulation scenario.
Model scalability
Following the convention of CDL in TR 38.901 [5], we select the global coordinate system such that the LOS lies in the x-z plane and all azimuth angles of departure . In this coordinate system, if  denotes the elevation angle with gNB at UE, all zenith angles of departure are .
[image: ]
Figure 1. Line-of-sight between UE and NTN-gNB with elevation angle α
Considering a satellite altitude of at least 600km, the angular spread of departure will be less than 0.01 degrees if we assume that all clutters are located in a circular area surrounding the UE with a radius of 100m. Therefore we assume that the following simplification holds,  and  for all n.
Given this simplification, we can define a reference CDL model for a specified elevation angle , with  and then simply determine the ZOD angles for different elevation angles by using
	 .
	(1)


Proposal 1: For NTN CDL and TDL,  and , where  is UE’s elevation angle with gNB.
We will follow the principle of scalable cluster delays of [5] and specify normalized cluster delays for the reference CDL/TDL models. Actual delays are computed by scaling the model values with the desired delay spread, as described in Section 7.7.3 of [5], i.e.,
	 .
	(2)


Proposal 2: Cluster delays are scalable from the delays in the reference CDL/TDL model for the desired delay spread as in (2).
For azimuth angles of arrival (AOA), the angle generation methodology in [5] allows the AOAs in one channel realization to be scaled to the desired ASD. In reference CDL models, cluster AOAs are scalable for a different ASD and mean based on the principle described in Section 7.7.5.1 of [5], which is as follows: 
	
	(3)


where  are model values and  and  are respectively the RMS spread and mean of the model values computed by the method given in Annex A of [5].
Proposal 3: Cluster AOAs are scalable from the AOAs in the reference CDL model for the desired ASA as in (3).
The above angular scaling principle can also apply to ZOA, but needs to adjust to the change of elevation angle. At elevation angle , the ZOA of line-of-sight is . When the desired elevation angle is different from the one in the reference model, the angle  needs to be added to the scaled ZOA to account for the change of . In other words, the cluster ZOA at a desired elevation  and a desired  can be computed from the model  by
	
	(4)


where  and  are respectively the angular spread and mean of  based on the definition in Annex A of [5], and . The resultant ZOA should be properly wrapped to ensure they reside in the domain [0⁰, 180⁰] using the same wrapping rule in [5]: if , it should be set to .
Proposal 4: Cluster ZOAs are scalable from the ZOAs in the reference model for the desired ZSA and elevation angle as in (4).
For LOS channel models, if desired Rician K-factor is different from the value of reference model, non-specular cluster powers can be scaled to the desired K-factor as described in Section 7.7.6 of [5], with
	
	(5)


but cluster delays need to be normalized with the new powers to DS = 1.
Proposal 5: For LOS channels, non-specular cluster powers are scalable from the reference model for the desired Rician K-factor according to (5).
CDL models
Four reference models are proposed. NTN-CDL-A and CDL-B are designed for NLOS with three and four clusters respectively. NTN-CDL-C and CDL-D are designed for LOS with two and three clusters respectively. All four reference models assume an elevation angle of 50⁰, but other elevation angles with desired DS, ASA, ZSA, K-factor can be supported by the principles of model scaling in proposals 1-5. Therefore, link level simulations for different scenarios, elevation angles, and frequency bands are possible with the proposed CDL models. The parameters of these CDL models are given below in Tables 1-4. They should be used in the same way as TR38.901 CDL tables, as described in Section 7.7.1 of [5].
Proposal 6: Adopt the CDL models in Tables 1-4 for NLOS and LOS channel profiles in NTN link level simulations.
[bookmark: _Ref536543832]Table 1. NTN-CDL-A at elevation 
	Cluster #
	Normalized delay
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0
	0
	0
	178.8
	140
	35.6

	2
	1.0811
	-4.675
	0
	-115.7
	140
	22.9

	3
	2.8416
	-6.482
	0
	111.5
	140
	127.4

	Per-Cluster Parameters

	Parameter
	cASD in [°]
	cASA in [°]
	cZSD in [°]
	cZSA in [°]
	XPR in [dB]

	Value
	0
	15
	0
	7
	10



Table 2. NTN-CDL-B at elevation 
	Cluster #
	Normalized delay
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0
	0
	0
	-174.6
	140
	42.2

	2
	0.7249
	-1.973
	0
	144.9
	140
	63.4

	3
	0.7410
	-4.332
	0
	-119.8
	140
	89.7

	4
	5.7392
	-11.914
	0
	-88.8
	140
	174.1

	Per-Cluster Parameters

	Parameter
	cASD in [°]
	cASA in [°]
	cZSD in [°]
	cZSA in [°]
	XPR in [dB]

	Value
	0
	15
	0
	7
	10



Table 3. NTN-CDL-C at elevation 
	Cluster #
	Cluster PAS
	Normalized Delay
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	Specular(LOS path)
	0
	-0.394
	0
	-180
	140
	40

	
	Laplacian
	0
	-10.618
	0
	-180
	140
	40

	2
	Laplacian
	14.8124
	-23.373
	0
	-75.9
	140
	87.1

	Per-Cluster Parameters

	Parameter
	cASD in [°]
	cASA in [°]
	cZSD in [°]
	cZSA in [°]
	XPR in [dB]

	Value
	0
	11
	0
	7
	16



Table 4. NTN-CDL-D at elevation 
	Cluster #
	Cluster PAS
	Normalized Delay
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	Specular(LOS path)
	0
	-0.284
	0
	-180
	140
	40

	
	Laplacian
	0
	-11.991
	0
	-180
	140
	40

	2
	Laplacian
	0.5596
	-9.887
	0
	-135.4
	140
	146.2

	3
	Laplacian
	7.3340
	-16.771
	0
	-121.5
	140
	136.0

	Per-Cluster Parameters

	Parameter
	cASD in [°]
	cASA in [°]
	cZSD in [°]
	cZSA in [°]
	XPR in [dB]

	Value
	0
	11
	0
	7
	16



TDL models
There are four TDL reference models constructed for simulations that do not use multiple antenna arrays. Each TDL model corresponds to a CDL reference model with the same cluster delays and powers. The difference is that clusters in TDL are modeled as independent Rayleigh fading processes except that the first tap of a LOS channel is modeled as Rician fading. Doppler spectrum for each tap is defined consistently as in TR 38.901. The parameters of these TDL models are given in Tables 5-8 below.
Proposal 7: Adopt the TDL models in Tables 1-4 for NLOS and LOS channel profiles in NTN link level simulations.
Table 5. NTN-TDL-A at elevation 
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	0
	Rayleigh

	2
	1.0811
	-4.675
	Rayleigh

	3
	2.8416
	-6.482
	Rayleigh



Table 6. NTN-TDL-B at elevation 
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	0
	Rayleigh

	2
	0.7249
	-1.973
	Rayleigh

	3
	0.7410
	-4.332
	Rayleigh

	4
	5.7392
	-11.914
	Rayleigh



Table 7. NTN-TDL-C at elevation 
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.394
	LOS path

	
	0
	-10.618
	Rayleigh

	2
	14.8124
	-23.373
	Rayleigh

	NOTE:	The first tap follows a Ricean distribution with a K-factor of K1 = 10.224 dB and a mean power of 0 dB.



Table 8. NTN-TDL-D at elevation 
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.284
	LOS path

	
	0
	-11.991
	Rayleigh

	2
	0.5596
	-9.887
	Rayleigh

	3
	7.3340
	-16.771
	Rayleigh

	NOTE:	The first tap follows a Ricean distribution with a K-factor of K1 = 11.707 dB and a mean power of 0 dB.



Conclusion
Link level channel models for NTN in TR 38.811 need to be revised to be compatible with the latest channel model updates. New CDL and TDL models have been proposed in this contribution and they can be scaled for the desired channel parameters of different NTN link simulation scenarios (combinations of frequency band, environment and elevation angle). Text proposal for NTN link level channel models is attached in Appendix.
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Appendix: Text proposal for Section 6.9 of TR 38.811
6.9	Channel models for link level simulations
The link level models follow the same principles as the link level models specified in TR38.901 section 7.7.
6.9.1	CDL models
The CDL models are defined for the S and Ka bands and are applicable to different environments and elevation angles. NTN-CDL-A and NTN-CDL-B are constructed to represent two different channel profiles for NLOS, while NTN-CDL-C and NTN-CDL-D are constructed for LOS. The parameters of these models can be found in Tables 6.9.1-1 to 6.9.1-4.
Due to the long propagation distance between the NTN gNB and ground UE, the azimuth and elevation angular spreads of departure, ASD and ZSD, can be considered zero, and all cluster AOD and ZOD angles the same. The global coordinate system can be chosen in such a way that all AODs are zero. With the NTN gNB at an elevation angle  with respect to the UE, ZOD of all clusters is , as shown in Figure 6.9.1-1. The CDL models in Tables 6.9.1-1 to 6.9.1-4 use 50⁰ elevation angle between the NTN gNB and UE, resulting in ZODs equal to 190⁰. For a desired elevation angle , the cluster ZOD needs to be set to
[bookmark: _Hlk896043]		(6.9-1)
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[bookmark: _Hlk896825]Figure 6.9.1-1 Elevation angle α at UE with NTN gNB
Depending on the frequency band, environment scenario, and elevation angle of the intended link level simulations, suitable DS, ASA, ZSA, and Rician K-factor in case of LOS, can be determined from the channel model parameters in Section 6.7.2.
Each CDL model can be scaled in delay and AOA to achieve desired RMS delay spread and ASA according to the procedures specified respectively in subclauses 7.7.3 and 7.7.5.1 of TR 38.901. With the same angle scaling principle, each CDL model can also be scaled in ZOA to achieve desired ZSA, taking into account the difference between the desired elevation angle and reference elevation angle, by
[bookmark: _Hlk898981]		(6.9-2)
where
[bookmark: _Hlk899551][bookmark: _Hlk900119]	 is the scaled ZOA,
[bookmark: _Hlk899755][bookmark: _Hlk900138]	 is the desired ZSA,
[bookmark: _Hlk899808][bookmark: _Hlk900154]	 is the RMS zenith angular spread of the reference model, 
[bookmark: _Hlk899826][bookmark: _Hlk900177]	 is the cluster ZOA of the reference model,
[bookmark: _Hlk899840][bookmark: _Hlk900193]	 is the mean angle of ZOA of the reference model,
[bookmark: _Hlk899852][bookmark: _Hlk900206]	 is the desired mean ZOA
[bookmark: _Hlk899869][bookmark: _Hlk900234]	 is the difference between the desired and reference elevation angles between the NTN gNB and UE.
[bookmark: _Hlk900360][bookmark: _Hlk900393][bookmark: _Hlk900940]The resultant ZOA angles after scaling may need to be wrapped to the domain  by the same rule in TR 38.901: if , it should be set to .
[bookmark: _Hlk901036]For LOS channel models, the K-factor of NTN-CDL-C and NTN-CDL-D can be set to a desired value following the procedure described in subclause 7.7.6 of TR 38.901.

[bookmark: _Hlk901070]Table 6.9.1-1. NTN-CDL-A at elevation 
	Cluster #
	Normalized delay
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0
	0
	0
	178.8
	140
	35.6

	2
	1.0811
	-4.675
	0
	-115.7
	140
	22.9

	3
	2.8416
	-6.482
	0
	111.5
	140
	127.4

	Per-Cluster Parameters

	Parameter
	cASD in [°]
	cASA in [°]
	cZSD in [°]
	cZSA in [°]
	XPR in [dB]

	Value
	0
	15
	0
	7
	10



Table 6.9.1-2. NTN-CDL-B at elevation 
	Cluster #
	Normalized delay
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0
	0
	0
	-174.6
	140
	42.2

	2
	0.7249
	-1.973
	0
	144.9
	140
	63.4

	3
	0.7410
	-4.332
	0
	-119.8
	140
	89.7

	4
	5.7392
	-11.914
	0
	-88.8
	140
	174.1

	Per-Cluster Parameters

	Parameter
	cASD in [°]
	cASA in [°]
	cZSD in [°]
	cZSA in [°]
	XPR in [dB]

	Value
	0
	15
	0
	7
	10



Table 6.9.1-3. NTN-CDL-C at elevation 
	Cluster #
	Cluster PAS
	Normalized Delay
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	Specular(LOS path)
	0
	-0.394
	0
	-180
	140
	40

	
	Laplacian
	0
	-10.618
	0
	-180
	140
	40

	2
	Laplacian
	14.8124
	-23.373
	0
	-75.9
	140
	87.1

	Per-Cluster Parameters

	Parameter
	cASD in [°]
	cASA in [°]
	cZSD in [°]
	cZSA in [°]
	XPR in [dB]

	Value
	0
	11
	0
	7
	16



Table 6.9.1-4. NTN-CDL-D at elevation 
	Cluster #
	Cluster PAS
	Normalized Delay
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	Specular(LOS path)
	0
	-0.284
	0
	-180
	140
	40

	
	Laplacian
	0
	-11.991
	0
	-180
	140
	40

	2
	Laplacian
	0.5596
	-9.887
	0
	-135.4
	140
	146.2

	3
	Laplacian
	7.3340
	-16.771
	0
	-121.5
	140
	136.0

	Per-Cluster Parameters

	Parameter
	cASD in [°]
	cASA in [°]
	cZSD in [°]
	cZSA in [°]
	XPR in [dB]

	Value
	0
	11
	0
	7
	16



6.9.2	TDL models
[bookmark: _Hlk901729]The Tapped Delay Line (TDL) models are filtered from the CDL models according to section 7.7.4 of TR 38.901 [12] by assuming isotropic UE antenna. Two TDL models, namely NTN-TDL-A and NTN-TDL-B are constructed to represent two different channel profiles for NLOS, while NTN-TDL-C and NTN-TDL-D are constructed for LOS. The parameter of these models can be found in Tables 6.9.2-1 to 6.9.2-4.
[bookmark: _Hlk901760]The Doppler spectrum for each tap is defined as described in subclause 7.7.2 of TR 38.901. Each TDL model can be scaled in delay to achieve desired RMS delay spread according to the procedure specified in subclause 7.7.3 of TR 38.901. For LOS channel models, the K-factor of NTN-TDL-C and NTN-TDL-D can be set to a desired value following the procedure described in subclause 7.7.6 of TR 38.901.

[bookmark: _Hlk901790][bookmark: _Hlk901257]Table 6.9.2-1. NTN-TDL-A at elevation 
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	0
	Rayleigh

	2
	1.0811
	-4.675
	Rayleigh

	3
	2.8416
	-6.482
	Rayleigh



Table 6.9.2-2. NTN-TDL-B at elevation 
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	0
	Rayleigh

	2
	0.7249
	-1.973
	Rayleigh

	3
	0.7410
	-4.332
	Rayleigh

	4
	5.7392
	-11.914
	Rayleigh



Table 6.9.2-3. NTN-TDL-C at elevation 
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.394
	LOS path

	
	0
	-10.618
	Rayleigh

	2
	14.8124
	-23.373
	Rayleigh

	NOTE:	The first tap follows a Ricean distribution with a K-factor of K1 = 10.224 dB and a mean power of 0 dB.



Table 6.9.2-4. NTN-TDL-D at elevation 
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.284
	LOS path

	
	0
	-11.991
	Rayleigh

	2
	0.5596
	-9.887
	Rayleigh

	3
	7.3340
	-16.771
	Rayleigh

	NOTE:	The first tap follows a Ricean distribution with a K-factor of K1 = 11.707 dB and a mean power of 0 dB.



10



image2.png
Z

Earth surface




