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Introduction
The attached TP is to provide an update to TR36.900. The changes are incorporated in Section 7.7 of the attached draft.

[bookmark: _Ref363806083][bookmark: _Ref363806159]---------------------------------- Start of Text Proposal ------------------------------------------------------
[bookmark: _Toc448250833]7.7 	Channel Models for Link-Level Evaluations
Link level simulations alone will not be used for algorithm comparison because they reflect only one snapshot of the channel behaviour. Furthermore, they do not account for system attributes such as scheduling and HARQ. For these reasons, link level simulations do not allow any conclusions about the typical behaviour of the system. Only system level simulations can achieve that. Therefore this document targets system level simulations for the final algorithm comparison. 
Link level simulations will not be used to compare performance of different algorithms. Rather, they will be used only for calibration, which is the comparison of performance results from different implementations of a given algorithm.

[bookmark: _Toc448250834]7.7.1 	Clustered Delay Line (CDL) Models 
The CDL models are defined for the full frequency range from 0.5 GHz to 100 GHz with a maximum bandwidth of 2 GHz. CDL models can be implemented by e.g., Step 10 in Section 7.5. Three CDL models, namely CDL-A, CDL-B and CDL-C are constructed to represent three different channel profiles, the parameters of which can be found respectively in Table 7.7.1-1, Table 7.7.1-2 and Table 7.7.1-3. It is noted that the delay values are normalized so that RMS delay spread is 1 sec. 
Each CDL 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 modeling effect of beamforming in a simplified way, a brick-wall window can be applied to a delay-scaled CDL model. The power shall be normalized after applying the window. A TDL model for simplified evaluations can be obtained from the CDL model, according to this method. Angle scaling and details of this method are FFS.
Table 7.7.1-1. CDL-A
	Clusters

	Cluster
	Normalized delay
	Power
	AoD
	AoA
	ZoD
	ZoA

	#
	
	dB
	º
	º
	º
	º

	1
	0
	-18.8
	-178.1
	51.3
	50.2
	125.4

	2
	0.3816
	-5.4
	-4.2
	-152.7
	93.2
	91.3

	3
	0.4023
	-7.6
	-4.2
	-152.7
	93.2
	91.3

	4
	0.5864
	-9.4
	-4.2
	-152.7
	93.2
	91.3

	5
	0.4608
	-11.4
	90.2
	76.6
	122
	94

	6
	0.5372
	-13.6
	90.2
	76.6
	122
	94

	7
	0.6705
	-15.3
	90.2
	76.6
	122
	94

	8
	0.5746
	-15.9
	121.5
	-1.8
	150.2
	47.1

	9
	0.7615
	-12.9
	-81.7
	-41.9
	55.2
	56

	10
	1.5367
	-21.3
	158.4
	94.2
	26.4
	30.1

	11
	1.8968
	-12
	-83
	51.9
	126.4
	58.8

	12
	2.2229
	-22.1
	134.8
	-115.9
	171.6
	26

	13
	2.1707
	-17.8
	-153
	26.6
	151.4
	49.2

	14
	2.4930
	-20.6
	-172
	76.6
	157.2
	143.1

	15
	2.5104
	-16.2
	-129.9
	-7
	47.2
	117.4

	16
	3.0567
	-16.7
	-136
	-23
	40.4
	122.7

	17
	4.0789
	-18.1
	165.4
	-47.2
	43.3
	123.2

	18
	4.4556
	-21.6
	148.4
	110.4
	161.8
	32.6

	19
	4.5671
	-23.7
	132.7
	144.5
	10.8
	27.2

	20
	4.7941
	-24.3
	-118.6
	155.3
	16.7
	15.2

	21
	5.0039
	-22
	-154.1
	102
	171.7
	146

	22
	5.3014
	-24.4
	126.5
	-151.8
	22.7
	150.7

	23
	9.6535
	-38.5
	-56.2
	55.2
	144.9
	156.1

	Per-Cluster Parameters

	Parameter
	ASD
	ASA
	ZSD
	ZSA
	XPR

	Unit
	º
	º
	º
	º
	dB

	Value
	5
	11
	3
	3
	10




Table 7.7.1-2. CDL-B
	Clusters

	Cluster
	Normalized delay
	Power
	AoD
	AoA
	ZoD
	ZoA

	#
	
	dB
	º
	º
	º
	º

	1
	0
	-8.5
	9.3
	-173.3
	105.8
	78.9

	2
	0.1072
	-10.7
	9.3
	-173.3
	105.8
	78.9

	3
	0.2154
	-12.5
	9.3
	-173.3
	105.8
	78.9

	4
	0.2096
	-11.7
	-34.1
	125.5
	115.3
	63.3

	5
	0.2871
	-18.3
	-65.4
	-88.0
	119.3
	59.9

	6
	0.2986
	-9.7
	-11.4
	155.1
	103.2
	67.5

	7
	0.3752
	-11.9
	-11.4
	155.1
	103.2
	67.5

	8
	0.5057
	-13.7
	-11.4
	155.1
	103.2
	67.5

	9
	0.3682
	-16.1
	-67.2
	-89.8
	118.2
	82.6

	10
	0.3697
	-11.5
	52.5
	132.1
	102.0
	66.3

	11
	0.5701
	-17.4
	-72
	-83.6
	100.4
	61.6

	12
	0.5285
	-17.5
	74.3
	95.3
	98.3
	58.0

	13
	1.1023
	-13.3
	-52.2
	103.7
	103.4
	78.2

	14
	1.2760
	-14.2
	-50.5
	-87.8
	102.5
	82.0

	15
	1.5479
	-16
	61.4
	-92.5
	101.4
	62.4

	16
	1.7846
	-10.4
	30.6
	-139.1
	103.0
	78.0

	17
	2.0174
	-16.1
	-72.5
	-90.6
	100.0
	60.9

	18
	2.8301
	-20.7
	-90.6
	58.6
	115.2
	82.9

	19
	3.0227
	-18.3
	-77.6
	-79.0
	100.5
	60.8

	20
	3.6195
	-19.9
	-82.6
	65.8
	119.6
	57.3

	21
	4.1076
	-23.4
	-103.6
	52.7
	118.7
	59.9

	22
	4.2801
	-17.7
	75.6
	88.7
	117.8
	60.1

	23
	4.7846
	-19.8
	-77.6
	-60.4
	115.7
	62.3

	Per-Cluster Parameters

	Parameter
	ASD
	ASA
	ZSD
	ZSA
	XPR

	Unit
	º
	º
	º
	º
	dB

	Value
	10
	22
	3
	7
	8



Table 7.7.1-3. CDL-C
	Clusters

	Cluster
	Normalized delay
	Power
	AoD
	AoA
	ZoD
	ZoA

	#
	
	dB
	º
	º
	º
	º

	1
	0
	-12.1
	-46.6
	-101
	97.2
	87.6

	2
	0.2099
	-8.9
	-22.8
	120
	98.6
	72.1

	3
	0.2219
	-11.2
	-22.8
	120
	98.6
	72.1

	4
	0.2329
	-12.9
	-22.8
	120
	98.6
	72.1

	5
	0.2176
	-10.2
	-40.7
	-127.5
	100.6
	70.1

	6
	0.6367
	-7.7
	0.3
	170.4
	99.2
	75.3

	7
	0.6448
	-9.9
	0.3
	170.4
	99.2
	75.3

	8
	0.6560
	-11.6
	0.3
	170.4
	99.2
	75.3

	9
	0.6585
	-15.1
	73.1
	55.4
	105.2
	67.4

	10
	0.7935
	-14.8
	-64.5
	66.5
	95.3
	63.8

	11
	0.8214
	-18.4
	80.2
	-48.1
	106.1
	71.4

	12
	0.9336
	-18.8
	-97.1
	46.9
	93.5
	60.5

	13
	1.2286
	-12.8
	-55.3
	68.1
	103.7
	90.6

	14
	1.3084
	-14.5
	-64.3
	-68.7
	104.2
	60.1

	15
	2.1706
	-16.4
	-78.5
	81.5
	93.0
	61.0

	16
	2.7108
	-20.9
	102.7
	30.7
	104.2
	100.7

	17
	4.2593
	-21.6
	99.2
	-16.4
	94.9
	62.3

	18
	4.6007
	-21.6
	88.8
	3.8
	93.1
	66.7

	19
	5.4906
	-23.5
	-101.9
	-13.7
	92.2
	52.9

	20
	5.6082
	-24.8
	92.2
	9.7
	106.7
	61.8

	21
	6.3071
	-23.7
	93.3
	5.6
	93.0
	51.9

	22
	6.6380
	-23.4
	106.6
	0.7
	92.9
	61.7

	23
	7.0433
	-29.3
	119.5
	-21.9
	105.2
	58

	24
	8.6531
	-30.5
	-123.8
	33.6
	107.8
	57

	Per-Cluster Parameters

	Parameter
	ASD
	ASA
	ZSD
	ZSA
	XPR

	Unit
	º
	º
	º
	º
	dB

	Value
	2
	15
	3
	7
	7


[bookmark: _Toc448250835]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, the parameters of which can be found respectively in Table 7.7.2-1, Table 7.7.2-2 and Table 7.7.2-3. It is noted that the delay values are normalized so that RMS delay spread is 1 sec. 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.
Table 7.7.2-1. TDL-A
	Tap
	Normalized delay
	Power

	#
	
	dB

	1
	0
	-18.8

	2
	0.3816
	-5.4

	3
	0.4023
	-7.6

	4
	0.5864
	-9.4

	5
	0.4608
	-11.4

	6
	0.5372
	-13.6

	7
	0.6705
	-15.3

	8
	0.5746
	-15.9

	9
	0.7615
	-12.9

	10
	1.5367
	-21.3

	11
	1.8968
	-12.0

	12
	2.2229
	-22.1

	13
	2.1707
	-17.8

	14
	2.4930
	-20.6

	15
	2.5104
	-16.2

	16
	3.0567
	-16.7

	17
	4.0789
	-18.1

	18
	4.4556
	-21.6

	19
	4.5671
	-23.7

	20
	4.7941
	-24.3

	21
	5.0039
	-22.0

	22
	5.3014
	-24.4

	23
	9.6535
	-38.5



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

	#
	
	dB

	1
	0
	-8.5

	2
	0.1072
	-10.7

	3
	0.2154
	-12.5

	4
	0.2096
	-11.7

	5
	0.2871
	-18.3

	6
	0.2986
	-9.7

	7
	0.3752
	-11.9

	8
	0.5057
	-13.7

	9
	0.3682
	-16.1

	10
	0.3697
	-11.5

	11
	0.5701
	-17.4

	12
	0.5285
	-17.5

	13
	1.1023
	-13.3

	14
	1.2760
	-14.2

	15
	1.5479
	-16

	16
	1.7846
	-10.4

	17
	2.0174
	-16.1

	18
	2.8301
	-20.7

	19
	3.0227
	-18.3

	20
	3.6195
	-19.9

	21
	4.1076
	-23.4

	22
	4.2801
	-17.7

	23
	4.7846
	-19.8



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

	#
	
	dB

	1
	0
	-12.1

	2
	0.2099
	-8.9

	3
	0.2219
	-11.2

	4
	0.2329
	-12.9

	5
	0.2176
	-10.2

	6
	0.6367
	-7.7

	7
	0.6448
	-9.9

	8
	0.6560
	-11.6

	9
	0.6585
	-15.1

	10
	0.7935
	-14.8

	11
	0.8214
	-18.4

	12
	0.9336
	-18.8

	13
	1.2286
	-12.8

	14
	1.3084
	-14.5

	15
	2.1706
	-16.4

	16
	2.7108
	-20.9

	17
	4.2593
	-21.6

	18
	4.6007
	-21.6

	19
	5.4906
	-23.5

	20
	5.6082
	-24.8

	21
	6.3071
	-23.7

	22
	6.6380
	-23.4

	23
	7.0433
	-29.3

	24
	8.6531
	-30.5


[bookmark: _Toc448250836]7.7.3 	Scaling of Delays
Both CDL and TDL models 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:
τn,scaled = τn,model · DSdesired
in which
τn,model	is the normalized delay value of the nth cluster in a CDL or a TDL model	
τn,scaled	is the new delay value (in nsec) of the nth cluster
DSdesired	is the wanted delay spread (in nsec)
Example scaling parameters for which the RMS delay spreads are aligned with the typical 5G evaluation scenarios are FFS.

----------------------------------------------- End of Text Proposal ------------------------------------------------

