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7.7.2 
Tapped Delay Line (TDL) models 

The TDL models for simplified evaluations, e.g., for non-MIMO evaluations, are defined for the full frequency range from 0.5 GHz to 100 GHz with a maximum bandwidth of 2 GHz. 
Three TDL models, namely TDL-A, TDL-B and TDL-C, are constructed to represent three different channel profiles for NLOS while TDL-D and TDL-E are constructed for LOS, the parameters of which can be found respectively in Table 7.7.2-1, Table 7.7.2-2 , Table 7.7.2-3, Table 7.7.2-4 and Table 7.7.2-5. For TDL-D/E the first tap has a Ricean fading distribution with a K-factor of K1 [dB]. 
Each TDL model can be scaled in delay so that the model achieves a desired RMS delay spread, according to the procedure described in 7.7.3. 
For LOS channel models, the K-factor of TDL-D and TDL-E can be set to a desired value following the procedure described in 7.7.6.
Table 7.7.2-1. TDL-A
	Tap
	Normalized delay
	Power

	#
	
	dB

	1
	0.0000
	-13.4

	2
	0.3819
	0

	3
	0.4025
	-2.2

	4
	0.5868
	-4

	5
	0.4610
	-6

	6
	0.5375
	-8.2

	7
	0.6708
	-9.9

	8
	0.5750
	-10.5

	9
	0.7618
	-7.5

	10
	1.5375
	-15.9

	11
	1.8978
	-6.6

	12
	2.2242
	-16.7

	13
	2.1718
	-12.4

	14
	2.4942
	-15.2

	15
	2.5119
	-10.8

	16
	3.0582
	-11.3

	17
	4.0810
	-12.7

	18
	4.4579
	-16.2

	19
	4.5695
	-18.3

	20
	4.7966
	-18.9

	21
	5.0066
	-16.6

	22
	5.3043
	-19.9

	23
	9.6586
	-29.7


Table 7.7.2-2. TDL-B
	Tap
	Normalized delay
	Power

	#
	
	dB

	1
	0.0000
	0

	2
	0.1072
	-2.2

	3
	0.2155
	-4

	4
	0.2095
	-3.2

	5
	0.2870
	-9.8

	6
	0.2986
	-1.2

	7
	0.3752
	-3.4

	8
	0.5055
	-5.2

	9
	0.3681
	-7.6

	10
	0.3697
	-3

	11
	0.5700
	-8.9

	12
	0.5283
	-9

	13
	1.1021
	-4.8

	14
	1.2756
	-5.7

	15
	1.5474
	-7.5

	16
	1.7842
	-1.9

	17
	2.0169
	-7.6

	18
	2.8294
	-12.2

	19
	3.0219
	-9.8

	20
	3.6187
	-11.4

	21
	4.1067
	-14.9

	22
	4.2790
	-9.2

	23
	4.7834
	-11.3


Table 7.7.2-3. TDL-C
	Tap
	Normalized delay
	Power

	#
	
	dB

	1
	0
	-4.4

	2
	0.2099
	-1.2

	3
	0.2219
	-3.5

	4
	0.2329
	-5.2

	5
	0.2176
	-2.5

	6
	0.6366
	0

	7
	0.6448
	-2.2

	8
	0.6560
	-3.9

	9
	0.6584
	-7.4

	10
	0.7935
	-7.1

	11
	0.8213
	-10.7

	12
	0.9336
	-11.1

	13
	1.2285
	-5.1

	14
	1.3083
	-6.8

	15
	2.1704
	-8.7

	16
	2.7105
	-13.2

	17
	4.2589
	-13.9

	18
	4.6003
	-13.9

	19
	5.4902
	-15.8

	20
	5.6077
	-17.1

	21
	6.3065
	-16

	22
	6.6374
	-15.7

	23
	7.0427
	-21.6

	24
	8.6523
	-22.8


Table 7.7.2-4. TDL-D.

	Tap
	Normalized delay
	Power
	Fading distribution

	#
	
	dB
	

	1
	0
	0
	Rice, K1 = 13.3 dB

	2
	0.035
	-18.8
	Rayleigh

	3
	0.612
	-21
	Rayleigh

	4
	1.363
	-22.8
	Rayleigh

	5
	1.405
	-17.9
	Rayleigh

	6
	1.804
	-20.1
	Rayleigh

	7
	2.596
	-21.9
	Rayleigh

	8
	1.775
	-22.9
	Rayleigh

	9
	4.042
	-27.8
	Rayleigh

	10
	7.937
	-23.6
	Rayleigh

	11
	9.424
	-24.8
	Rayleigh

	12
	9.708
	-30.0
	Rayleigh

	13
	12.525
	-27.7
	Rayleigh


Table 7.7.2-5. TDL-E.

	Tap
	Normalized delay
	Power
	Fading distribution

	#
	
	dB
	

	1
	0
	0
	Rice, K1 = 22 dB

	2
	0.485 
	-15.8
	Rayleigh

	3
	0.514 
	-18.1
	Rayleigh

	4
	0.532 
	-19.8
	Rayleigh

	5
	0.514 
	-22.9
	Rayleigh

	6
	0.672 
	-22.4
	Rayleigh

	7
	1.804 
	-18.6
	Rayleigh

	8
	1.823 
	-20.8
	Rayleigh

	9
	1.851 
	-22.6
	Rayleigh

	10
	2.497 
	-22.3
	Rayleigh

	11
	3.509 
	-25.6
	Rayleigh

	12
	5.152 
	-20.2
	Rayleigh

	13
	11.342 
	-29.8
	Rayleigh

	14
	19.514 
	-29.2
	Rayleigh


7.7.6
K-factor for LOS channel models
For the LOS channel models of CDL/TDL-D and CDL/TDL-E, user can change the K-factor value. Typical K-factor values can be found in Table 7.5-6.
When a new values of K-factor is set to be Kdesired [dB], the path powers except for the LOS path (i.e., all the paths modelled by Laplacian) shall be scaled. For TDL-D/E, the K-factor of the first tap K1 [dB] shall also be scaled. 
For CDL-D/E, the power scaling shall be performed according to Table 7.7.6-1.

Table 7.7.6-1. Power scaling according to the desired K factor: CDL-D/E
	Model
	Table
	Equation for power scaling of all scattered paths (including cluster 1 Laplacian part).

	CDL-D
	7.7.1-4
	Pn,new[dB] = Pn,old[dB] – Kdesired[dB] + 9[dB]

	CDL-E
	7.7.1-5
	Pn,new[dB] = Pn,old[dB] – Kdesired[dB] + 9.3[dB]


For TDL-D/E, the power scaling and the scaling of the K-factor of the first tap shall be performed according to Table 7.7.6-2.

Table 7.7.6-2. Power scaling according to the desired K factor: TDL-D/E
	Model
	Table
	Equation for power scaling of all delayed taps excluding tap#1.
	Equation for the K-factor of Tap #1 (K1)

	TDL-D
	7.7.2-4
	Pn,new[dB] = Pn,old[dB] – Kdesired[dB] + 9[dB] -10·log10((1013.3/10+10(-Kdesired[dB] + 9[dB])/10)/(1+1013.3/10))
	
K1,new [dB] = K1,old [dB] + Kdesired[dB] - 9[dB] 


	TDL-E
	7.7.2-5
	Pn,new[dB] = Pn,old[dB] – Kdesired[dB] + 9.3[dB] -10·log10((1022/10+10(-Kdesired[dB] + 9.3[dB])/10)/(1+1022/10))
	
K1,new [dB] = K1,old [dB] + Kdesired[dB] – 9.3[dB]


After scaling the powers, the delay spread needs to be re-normalized. This is done through the two steps below.

1)
Calculate the actual RMS delay spread after the K-factor adjustment.

2)
Apply the delay spread scaling to obtain DS = 1 second.
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