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1
Introduction
On one hand, in RAN4#87, channel modelling was discussed under NR Testability study item. As part of the way forward related to channel modelling [1], it was agreed that the decision on reduction of the number of modelled taps for TDL will be done as a part of NR WI performance part.

On the other hand, 3 companion papers related to channel modelling are presented to this meeting: 
·  “Down-selection of multipath channel emulation methodologies in FR2” ([2]), indicating why option 1 in section 8.2.1 in [5] is not suitable for FR2.

· ” On suitability of Jakes Doppler spectrum model in FR2 (further updates)” ([3]), indicating why option 2 in section 8.2.1 in [5] is more appropriate for FR2.

· “TP to TR 38.810 on option 2 channel model generation methodology for FR2: parameters and procedure updates” ([4]), with a detailed proposal on how to generate channel modelling based on option 2 in section 8.2.1 in [5])
This paper provides a proposal on how to simplify TDL based on CDL channel model in order to avoid unnecessary test system complexity. Such simplification is based on the fact that the number of significant clusters is naturally and substantially reduced when gNB beam is applied.
 2
Channel model simplification proposal 
Below the resulting TDL from CDL parameter tables of the models specified in Table 8.2.1.2-2 in [4] are shown. These tables show cluster powers with and without gNB on separate columns assuming omnidirectional UE antenna. Considering a UE directional antenna will only simplify further the channel model. This approach enables the use of the same channel emulation parameters for demod and RRM. Clusters (rows of tables) within 20 dB and 25 dB dynamic range after applying the gNB beam are highlighted in green and blue, respectively. It can be observed that the number of significant clusters is substantially reduced. In practise the clusters outside of 25 dB dynamic range can be neglected in the process of channel impulse response generation.
Proposal 1: Clusters outside 25 dB dynamic range is neglected in the process of channel impulse response generation.

Table 1. CDL-A O2I NLOS
	Cluster #
	Delay in [ns]
	Power w/ beam in [dB]
	Power w/o beam in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0
	-36.7
	-13.4
	-44.6
	-19.0
	94.6
	105.9

	2
	92
	0.0
	0.0
	-2.6
	-156.5
	97.0
	89.4

	3
	97
	-2.2
	-2.2
	-2.6
	-156.5
	97.0
	89.4

	4
	141
	-4.0
	-4.0
	-2.6
	-156.5
	97.0
	89.4

	5
	111
	-20.6
	-6.0
	20.2
	-1.9
	98.7
	90.7

	6
	129
	-22.8
	-8.2
	20.2
	-1.9
	98.7
	90.7

	7
	161
	-24.5
	-9.9
	20.2
	-1.9
	98.7
	90.7

	8
	138
	-48.1
	-10.5
	27.8
	-54.8
	100.2
	68.1

	9
	183
	-23.3
	-7.5
	-21.3
	-81.8
	94.9
	72.4

	10
	369
	-37.4
	-15.9
	36.7
	9.9
	93.3
	59.8

	11
	455
	-22.4
	-6.6
	-21.6
	-18.6
	98.9
	73.7

	12
	534
	-41.5
	-16.7
	31.0
	-131.7
	101.4
	57.9

	13
	521
	-35.8
	-12.4
	-38.5
	-35.6
	100.3
	69.1

	14
	598
	-38.0
	-15.2
	-43.1
	-1.9
	100.6
	114.5

	15
	603
	-43.8
	-10.8
	-32.9
	-58.3
	94.5
	102.0

	16
	734
	-43.1
	-11.3
	-34.4
	-69.1
	94.1
	104.6

	17
	979
	-35.1
	-12.7
	38.4
	-85.4
	94.3
	104.9

	18
	1069
	-37.5
	-16.2
	34.3
	20.8
	100.9
	61.1

	19
	1096
	-42.5
	-18.3
	30.5
	43.8
	92.4
	58.4

	20
	1151
	-42.9
	-18.9
	-30.2
	51.1
	92.8
	52.6

	21
	1201
	-40.7
	-16.6
	-38.8
	15.2
	101.4
	115.9

	22
	1273
	-48.1
	-19.9
	29.0
	-155.9
	93.1
	118.1

	23
	2317
	-46.0
	-29.7
	-15.1
	-16.4
	99.9
	120.8
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Figure 1. CDL-A O2I NLOS cluster powers with and without gNB beams.

Table 2. CDL-B UMi NLOS
	Cluster #
	Delay in [ns]
	Power w/ beam in [dB]
	Power w/o beam in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0
	0.0
	0.0
	0.4
	-114.3
	105.7
	76.8

	2
	7
	-2.2
	-2.2
	0.4
	-114.3
	105.7
	76.8

	3
	14
	-4.0
	-4.0
	0.4
	-114.3
	105.7
	76.8

	4
	14
	-27.0
	-3.2
	-15.9
	134.1
	107.4
	65.8

	5
	19
	-31.1
	-9.8
	-27.6
	-43.4
	108.1
	63.4

	6
	20
	-5.6
	-1.2
	-7.4
	158.7
	105.2
	68.8

	7
	25
	-7.8
	-3.4
	-7.4
	158.7
	105.2
	68.8

	8
	33
	-9.6
	-5.2
	-7.4
	158.7
	105.2
	68.8

	9
	24
	-30.7
	-7.6
	-28.3
	-44.9
	107.9
	79.4

	10
	24
	-27.1
	-3.0
	16.6
	139.6
	105.0
	67.9

	11
	38
	-44.2
	-8.9
	-30.1
	-39.7
	104.7
	64.6

	12
	35
	-24.6
	-9.0
	24.8
	109.0
	104.3
	62.1

	13
	73
	-19.4
	-4.8
	-22.7
	116.0
	105.2
	76.3

	14
	84
	-19.9
	-5.7
	-22.0
	-43.2
	105.1
	78.9

	15
	102
	-22.4
	-7.5
	19.9
	-47.1
	104.9
	65.2

	16
	118
	-6.6
	-1.9
	8.4
	-85.9
	105.2
	76.1

	17
	133
	-42.4
	-7.6
	-30.3
	-45.5
	104.6
	64.1

	18
	186
	-34.0
	-12.2
	-37.1
	78.5
	107.4
	79.6

	19
	199
	-39.5
	-9.8
	-32.2
	-35.9
	104.7
	64.1

	20
	238
	-37.4
	-11.4
	-34.1
	84.5
	108.2
	61.6

	21
	271
	-37.2
	-14.9
	-42.0
	73.6
	108.0
	63.4

	22
	282
	-25.4
	-9.2
	25.2
	103.5
	107.9
	63.6

	23
	315
	-44.7
	-11.3
	-32.2
	-20.4
	107.5
	65.1
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Figure 2. CDL-B UMi NLOS cluster powers with and without gNB beams.

Table 3. CDL-C InO NLOS
	Cluster #
	Delay in [ns]
	Power w/ beam in [dB]
	Power w/o beam in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0
	-38.2
	-4.4
	-48.4
	-28.0
	93.1
	93.4

	2
	5
	-17.2
	-1.2
	-23.0
	128.7
	97.2
	71.5

	3
	6
	-19.5
	-3.5
	-23.0
	128.7
	97.2
	71.5

	4
	6
	-21.2
	-5.2
	-23.0
	128.7
	97.2
	71.5

	5
	6
	-25.7
	-2.5
	-42.1
	-46.7
	103.0
	68.7

	6
	17
	0.0
	0.0
	1.6
	164.4
	98.9
	76.0

	7
	17
	-2.2
	-2.2
	1.6
	164.4
	98.9
	76.0

	8
	17
	-3.9
	-3.9
	1.6
	164.4
	98.9
	76.0

	9
	17
	-53.2
	-7.4
	79.3
	82.9
	116.5
	64.9

	10
	21
	-48.5
	-7.1
	-67.5
	90.8
	87.5
	59.8

	11
	22
	-55.0
	-10.7
	86.8
	9.5
	119.1
	70.5

	12
	24
	-87.8
	-11.1
	-102.2
	76.9
	82.3
	55.1

	13
	32
	-49.0
	-5.1
	-57.7
	91.9
	112.1
	97.7

	14
	34
	-61.5
	-6.8
	-67.3
	-5.1
	113.6
	54.6

	15
	57
	-73.9
	-8.7
	-82.4
	101.4
	80.8
	55.8

	16
	71
	-80.2
	-13.2
	110.8
	65.4
	113.6
	111.9

	17
	112
	-67.5
	-13.9
	107.1
	32.0
	86.4
	57.7

	18
	121
	-65.7
	-13.9
	96.0
	46.3
	81.1
	63.9

	19
	144
	-70.9
	-15.8
	-107.4
	33.9
	78.5
	44.4

	20
	147
	-66.2
	-17.1
	99.6
	50.5
	120.9
	57.0

	21
	165
	-67.0
	-16.0
	100.8
	47.6
	80.8
	43.0

	22
	174
	-67.3
	-15.7
	115.0
	44.1
	80.5
	56.8

	23
	185
	-81.9
	-21.6
	128.8
	28.1
	116.5
	51.6

	24
	227
	-79.2
	-22.8
	-130.7
	67.5
	124.1
	50.2
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Figure 3. CDL-C InO NLOS cluster powers with and without gNB beams.

Table 4. CDL-D InO LOS.

	Cluster #
	Cluster PAS
	Delay in [ns]
	Power w/ beam in [dB]
	Power w/o beam in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	Specular(LOS path)
	0
	0.0
	0.0
	0
	-180
	98.5
	81.5

	
	Laplacian
	0
	-11.3
	-11.3
	0.0
	-180.0
	98.5
	81.5

	2
	Laplacian
	1
	-58.2
	-16.6
	156.3
	151.7
	92.4
	114.2

	3
	Laplacian
	10
	-60.4
	-18.8
	156.3
	151.7
	92.4
	114.2

	4
	Laplacian
	22
	-62.2
	-20.6
	156.3
	151.7
	92.4
	114.2

	5
	Laplacian
	23
	-29.7
	-15.7
	22.8
	-117.3
	98.0
	68.8

	6
	Laplacian
	30
	-31.9
	-17.9
	22.8
	-117.3
	98.0
	68.8

	7
	Laplacian
	43
	-33.7
	-19.7
	22.8
	-117.3
	98.0
	68.8

	8
	Laplacian
	29
	-44.2
	-20.7
	60.6
	-127.0
	98.5
	61.5

	9
	Laplacian
	66
	-65.4
	-25.6
	-113.0
	133.6
	93.8
	33.7

	10
	Laplacian
	130
	-45.7
	-21.4
	-57.7
	-160.8
	95.1
	62.1

	11
	Laplacian
	155
	-66.2
	-22.6
	92.2
	-105.6
	101.0
	114.8

	12
	Laplacian
	159
	-83.2
	-27.8
	128.5
	30.6
	90.0
	15.5

	13
	Laplacian
	205
	-74.7
	-25.5
	135.3
	-61.5
	92.9
	29.4
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Figure 4. CDL-D InO LOS cluster powers with and without gNB beams.

Table 5. CDL-E UMi LOS.

	Cluster #
	Cluster PAS
	Delay in [ns]
	Power w/ beam in [dB]
	Power w/o beam in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	Specular(LOS path)
	0
	0.0
	0.0
	0
	-180
	98.5
	81.5

	
	Laplacian
	0
	-21.7
	-21.7
	0.0
	-180.0
	99.6
	80.4

	2
	Laplacian
	16
	-59.9
	-15.5
	51.0
	-32.4
	104.5
	80.4

	3
	Laplacian
	17
	-62.2
	-17.8
	51.0
	-32.4
	104.5
	80.4

	4
	Laplacian
	18
	-63.9
	-19.5
	51.0
	-32.4
	104.5
	80.4

	5
	Laplacian
	17
	-39.2
	-22.6
	-17.8
	29.9
	99.4
	81.0

	6
	Laplacian
	22
	-47.6
	-22.1
	14.4
	38.1
	100.9
	89.4

	7
	Laplacian
	60
	-23.6
	-18.3
	8.2
	-161.8
	98.7
	83.9

	8
	Laplacian
	61
	-25.8
	-20.5
	8.2
	-161.8
	98.7
	83.9

	9
	Laplacian
	62
	-27.6
	-22.3
	8.2
	-161.8
	98.7
	83.9

	10
	Laplacian
	83
	-41.8
	-22
	16.8
	-152.7
	100.9
	84.2

	11
	Laplacian
	117
	-55.7
	-25.3
	29.0
	-116.5
	96.2
	92.0

	12
	Laplacian
	171
	-20.0
	-19.9
	0.4
	63.5
	98.9
	81.3

	13
	Laplacian
	377
	-71.5
	-29.5
	49.5
	-72.9
	95.3
	92.9

	14
	Laplacian
	649
	-73.5
	-28.9
	51.1
	-65.3
	104.9
	77.2
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Figure 5. CDL-E UMi LOS cluster powers with and without gNB beams.

3
Conclusions

This paper provides a proposal on how to simplify TDL based on CDL channel model in order to avoid unnecessary test system complexity. Such simplification is based on the fact that the number of significant clusters is naturally and substantially reduced when gNB beam is applied. The following proposal is made:

Proposal 1: Clusters outside 25 dB dynamic range is neglected in the process of channel impulse response generation.

4
References

[1] R4-1808541 “Way Forward on Concluding the NR Test Methods SI”, Intel, CATR, Rohde & Schwarz, Anritsu, Spirent, 3GPP TSG-RAN WG4 Meeting #87, Busan, Korea, May 2018

[2] R4-1809215, “Down-selection of multipath channel emulation methodologies in FR2”, Keysight Technologies, Spirent Communications, 3GPP TSG-RAN WG4 Meeting #AH1807, Montreal, Canada, July 2018

[3] R4-1809221, “On suitability of Jakes Doppler spectrum model in FR2 (further updates)”, Keysight Technologies, Spirent Communications, 3GPP TSG-RAN WG4 Meeting #AH1807, Montreal, Canada, July 2018

[4] R4-1809236, “TP to TR 38.810 on option 2 channel model generation methodology for FR2: parameters and procedure updates”, Keysight Technologies, Spirent Communications, 3GPP TSG-RAN WG4 Meeting #AH1807, Montreal, Canada, July 2018

[5] Draft 3GPP TR 38.810 “Study on test methods for New Radio” V2.2.0 (2018-06) – RAN4 reflector

[6] 3GPP TR 38.901 “Study on channel model for frequencies from 0.5 to 100 GHz” V14.0.0 (2017-03)


