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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. 
The Doppler spectrum for each tap is characterized by a classical (Jakes) spectrum shape and a maximum Doppler shift fD where 
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. Due to the presence of a LOS path, the first tap in TDL-D and TDL-E follows a Ricean fading distribution. For those taps the Doppler spectrum additionally contains a peak at the Doppler shift fS = 0.7 fD with an amplitude such that the resulting fading distribution has the specified K-factor.
Each TDL model can be scaled in delay so that the model achieves a desired RMS delay spread, according to the procedure described in Section 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 Section 7.7.6.
Table 7.7.2-1. TDL-A
	

	
	


	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0.0000
	-13.4
	Rayleigh

	2
	0.3819
	0
	Rayleigh

	3
	0.4025
	-2.2
	Rayleigh

	4
	0.5868
	-4
	Rayleigh

	5
	0.4610
	-6
	Rayleigh

	6
	0.5375
	-8.2
	Rayleigh

	7
	0.6708
	-9.9
	Rayleigh

	8
	0.5750
	-10.5
	Rayleigh

	9
	0.7618
	-7.5
	Rayleigh

	10
	1.5375
	-15.9
	Rayleigh

	11
	1.8978
	-6.6
	Rayleigh

	12
	2.2242
	-16.7
	Rayleigh

	13
	2.1718
	-12.4
	Rayleigh

	14
	2.4942
	-15.2
	Rayleigh

	15
	2.5119
	-10.8
	Rayleigh

	16
	3.0582
	-11.3
	Rayleigh

	17
	4.0810
	-12.7
	Rayleigh

	18
	4.4579
	-16.2
	Rayleigh

	19
	4.5695
	-18.3
	Rayleigh

	20
	4.7966
	-18.9
	Rayleigh

	21
	5.0066
	-16.6
	Rayleigh

	22
	5.3043
	-19.9
	Rayleigh

	23
	9.6586
	-29.7
	Rayleigh


Table 7.7.2-2. TDL-B
	

	
	


	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0.0000
	0
	Rayleigh

	2
	0.1072
	-2.2
	Rayleigh

	3
	0.2155
	-4
	Rayleigh

	4
	0.2095
	-3.2
	Rayleigh

	5
	0.2870
	-9.8
	Rayleigh

	6
	0.2986
	-1.2
	Rayleigh

	7
	0.3752
	-3.4
	Rayleigh

	8
	0.5055
	-5.2
	Rayleigh

	9
	0.3681
	-7.6
	Rayleigh

	10
	0.3697
	-3
	Rayleigh

	11
	0.5700
	-8.9
	Rayleigh

	12
	0.5283
	-9
	Rayleigh

	13
	1.1021
	-4.8
	Rayleigh

	14
	1.2756
	-5.7
	Rayleigh

	15
	1.5474
	-7.5
	Rayleigh

	16
	1.7842
	-1.9
	Rayleigh

	17
	2.0169
	-7.6
	Rayleigh

	18
	2.8294
	-12.2
	Rayleigh

	19
	3.0219
	-9.8
	Rayleigh

	20
	3.6187
	-11.4
	Rayleigh

	21
	4.1067
	-14.9
	Rayleigh

	22
	4.2790
	-9.2
	Rayleigh

	23
	4.7834
	-11.3
	Rayleigh


Table 7.7.2-3. TDL-C
	

	
	


	Tap #
	Normalized delays
	Power in [dB]
	Fading distribution

	1
	0
	-4.4
	Rayleigh

	2
	0.2099
	-1.2
	Rayleigh

	3
	0.2219
	-3.5
	Rayleigh

	4
	0.2329
	-5.2
	Rayleigh

	5
	0.2176
	-2.5
	Rayleigh

	6
	0.6366
	0
	Rayleigh

	7
	0.6448
	-2.2
	Rayleigh

	8
	0.6560
	-3.9
	Rayleigh

	9
	0.6584
	-7.4
	Rayleigh

	10
	0.7935
	-7.1
	Rayleigh

	11
	0.8213
	-10.7
	Rayleigh

	12
	0.9336
	-11.1
	Rayleigh

	13
	1.2285
	-5.1
	Rayleigh

	14
	1.3083
	-6.8
	Rayleigh

	15
	2.1704
	-8.7
	Rayleigh

	16
	2.7105
	-13.2
	Rayleigh

	17
	4.2589
	-13.9
	Rayleigh

	18
	4.6003
	-13.9
	Rayleigh

	19
	5.4902
	-15.8
	Rayleigh

	20
	5.6077
	-17.1
	Rayleigh

	21
	6.3065
	-16
	Rayleigh

	22
	6.6374
	-15.7
	Rayleigh

	23
	7.0427
	-21.6
	Rayleigh

	24
	8.6523
	-22.8
	Rayleigh


Table 7.7.2-4. TDL-D.

	

	
	

	

	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.2
	LOS path

	
	0
	-13.5
	Rayleigh

	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

	NOTE: The first tap follows a Ricean distribution with a K-factor of K1 = 13.3 dB and a mean power of 0dB.


Table 7.7.2-5. TDL-E.

	

	
	

	

	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.03
	LOS path

	
	0
	-22.03
	Rayleigh

	2
	0.5133 
	-15.8
	Rayleigh

	3
	0.5440
	-18.1
	Rayleigh

	4
	0.5630
	-19.8
	Rayleigh

	5
	0.5440
	-22.9
	Rayleigh

	6
	0.7112
	-22.4
	Rayleigh

	7
	1.9092
	-18.6
	Rayleigh

	8
	1.9293
	-20.8
	Rayleigh

	9
	1.9589
	-22.6
	Rayleigh

	10
	2.6426
	-22.3
	Rayleigh

	11
	3.7136
	-25.6
	Rayleigh

	12
	5.4524
	-20.2
	Rayleigh

	13
	12.0034
	-29.8
	Rayleigh

	14
	20.6519
	-29.2
	Rayleigh

	NOTE: The first tap follows a Ricean distribution with a K-factor of K1 = 22 dB and a mean power of 0dB.


7.7.3
Scaling of delays

The RMS delay spread values of both CDL and TDL models are normalized and they can be scaled in delay so that a desired RMS delay spread can be achieved. The scaled delays can be obtained according to the following equation: 
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in which
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is the normalized delay value of the nth cluster in a CDL or a TDL model
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is the new delay value (in [ns]) of the nth cluster
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is the wanted delay spread (in [ns])

The example scaling parameters are selected according to Table 7.7.3-1 where the values have been chosen such that the RMS delay spreads span the range observed in measurements corresponding to the typical 5G evaluation scenarios. For information purposes, examples of such RMS delay spreads for the different scenarios are given in Table 7.7.3-2 where the “short-delay profile” corresponds to the median RMS delay spread for LOS scenarios, while “normal-delay profile” and “long-delay profile” correspond to the median and the 90th percentile RMS delay spread for NLOS scenarios according to the channel parameters in Table 7.5-6. It can therefore be understood that a particular RMS delay spread in Table 7.7.3-1 may occur in any scenario; however certain values may be more likely in some scenarios than in others. 

The example parameters given in Table 7.7.3-1 does not preclude the use of other scaling values if this is found appropriate, for instance if additional scenarios are introduced or if e.g. the effect of beamforming needs to be captured in a TDL. Both of these examples can potentially result in an increased range of experienced RMS delay spreads.

Table 7.7.3-1. Example scaling parameters for CDL and TDL models.

	Model
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	Very short delay spread
	10 ns

	Short delay spread
	30 ns

	Nominal delay spread
	100 ns

	Long delay spread
	300 ns

	Very long delay spread
	1000 ns


Unaffected text was omitted

7.7.6
K-factor for LOS channel models
For the LOS channel models of CDL/TDL-D and CDL/TDL-E, the K-factor values may be changed by the user. Mean and standard deviation of K-factor values can be found in Table 7.5-6, although other values may also be used.
If the K-factor of a model shall be changed to 
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 [dB], the cluster powers for the Laplacian clusters (in case of CDL) or the tap powers for the Rayleigh fading taps (in case of TDL) are determined by
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where 
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 denote the scaled and the model path power (as given in the tables) of tap/cluster 
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. The model’s K-factor 
[image: image12.wmf]model

K

 is defined as
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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)
Divide the delays by that value to obtain DS = 1.
Unaffected text was omitted
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