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6.2.3	Fast fading model
For sidelink in the urban and highway scenarios, the fast fading parameters are given in the following table:

Table 6.2.3-1: Fast fading parameters for V2V link
	Scenarios
	Urban
	Highway

	
	LOS
	NLOS
	NLOSv
	LOS
	NLOSv

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-0.2 log10(1+ fc) – 7.5
	-0.24 log10(1+ fc) - 6.83 -0.3log10(1+ fc) – 7
	-0.4 log10(1+ fc) – 7
	-8.3
	-8.3

	
	lgDS
	0.1
	0.16 log10(1+ fc) + 0.28
	0.1
	0.2
	0.3

	AOD spread (ASD)
lgASD=log10(ASD/1)
	lgASD
	-0.1 log10(1+ fc) + 1.6
	-0.08 log10(1+ fc) + 1.81
	-0.1 log10(1+ fc) + 1.7
	1.4
	1.5

	
	lgASD
	0.1
	0.05 log10(1+ fc) + 0.3
	0.1
	0.1
	0.1

	AOA spread (ASA)
lgASA=log10(ASA/1)
	lgASA
	-0.1 log10(1+ fc) + 1.6
	-0.08 log10(1+ fc) + 1.81
	-0.1 log10(1+ fc) + 1.7
	1.4
	1.5

	
	lgASA
	0.1
	0.05 log10(1+ fc) + 0.3
	0.1
	0.1
	0.1

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1)
	lgZSA
	-0.1 log10(1+ fc) + 0.73
	-0.04 log10(1+ fc) + 0.92
	-0.04 log10(1+ fc) + 0.92
	-0.1 log10(1+ fc) + 0.73
	-0.04 log10(1+ fc) + 0.92

	
	lgZSA
	-0.04 log10(1+ fc) + 0.34
	-0.07 log10(1+ fc) + 0.41
	-0.07 log10(1+ fc) + 0.41
	-0.04 log10(1+ fc) + 0.34
	-0.07 log10(1+ fc) + 0.41

	ZOD spread (ZSD)
lgZSD=log10(ZSD/1)
	lgZSD
	-0.1 log10(1+ fc) + 0.73
	-0.04 log10(1+ fc) + 0.92
	-0.04 log10(1+ fc) + 0.92
	-0.1 log10(1+ fc) + 0.73
	-0.04 log10(1+ fc) + 0.92

	
	lgZSD
	-0.04 log10(1+ fc) + 0.34
	-0.07 log10(1+ fc) + 0.41
	-0.07 log10(1+ fc) + 0.41
	-0.04 log10(1+ fc) + 0.34
	-0.07 log10(1+ fc) + 0.41

	K-factor (K) [dB]
	K
	3.48
	N/A
	0
	9
	0

	
	K
	2
	N/A
	4.5
	3.5
	4.5

	Cross-Correlations 
	ASD vs DS
	0.5 
	0 
	0.5 
	0.5 
	0.5 

	
	ASA vs DS
	0.8 
	0.4 
	0.8 
	0.8 
	0.8 

	
	ASA vs SF
	-0.4 
	-0.4 
	-0.4 
	-0.4 
	-0.4 

	
	ASD vs SF
	-0.5 
	0 
	-0.5 
	-0.5 
	-0.5 

	
	DS vs SF
	-0.4 
	-0.7 
	-0.4 
	-0.4 
	-0.4 

	
	ASD vs ASA
	0.4 
	0 
	0.4 
	0.4 
	0.4 

	
	ASD vs 
	-0.2 
	N/A
	-0.2 
	-0.2 
	-0.2 

	
	ASA vs 
	-0.3 
	N/A
	-0.3 
	-0.3 
	-0.3 

	
	DS vs 
	-0.7 
	N/A
	-0.7 
	-0.7 
	-0.7 

	
	SF vs 
	0.5 
	N/A
	0.5 
	0.5 
	0.5 

	Cross-Correlations
	ZSD vs SF
	0 
	0 
	0 
	0 
	0 

	
	ZSA vs SF
	0 
	0 
	0 
	0 
	0 

	
	ZSD vs K
	0 
	N/A
	0 
	0 
	0 

	
	ZSA vs K
	0 
	N/A
	0 
	0 
	0 

	
	ZSD vs DS
	0 
	-0.5 
	0 
	0 
	0 

	
	ZSA vs DS
	0.2 
	0 
	0.2 
	0.2 
	0.2 

	
	ZSD vs ASD
	0.5 
	0.5 
	0.5 
	0.5 
	0.5 

	
	ZSA vs ASD
	0.3 
	0.5 
	0.3 
	0.3 
	0.3 

	
	ZSD vs ASA
	0 
	0 
	0 
	0 
	0 

	
	ZSA vs ASA
	0 
	0.2 
	0 
	0 
	0 

	
	ZSD vs ZSA
	0 
	0 
	0 
	0 
	0 

	Delay scaling parameter r
	3
	2.1
	2.1
	3
	2.1

	XPR [dB]
	XPR
	9
	8.0
	8.0
	9
	8.0

	
	XPR
	3
	3
	3
	3
	3

	
Number of clusters 
	12
	19
	19
	12
	19

	
Number of rays per cluster 
	20
	20
	20
	20
	20

	
Cluster DS () in [ns]
	5
	11
	11
	5
	11

	
Cluster ASD () in [deg]
	3
	10
	10
	3
	10

	
Cluster ASA () in [deg]
	17
	22
	22
	17
	22

	
Cluster ZSA () in [deg]
	7
	7
	7
	7
	7

	Per cluster shadowing std  [dB]
	4
	4
	4
	4
	4

	Correlation distance in the horizontal plane [m]
	DS
	7
	10
	10
	7
	10

	
	ASD
	8
	10
	10
	8
	10

	
	ASA
	8
	9
	9
	8
	9

	
	SF
	10
	13
	13
	10
	13

	
	
	15
	N/A
	N/A
	15
	N/A

	
	ZSA
	12
	10
	10
	12
	10

	
	ZSD
	12
	10
	10
	12
	10

	fc is carrier frequency in GHz. Procedure for generating both ZOA and ZOD is the same and based on the ZOA procedure in 3GPP TR38.901.



For B2V, B2P, B2R links, the fast fading parameters associated with the used pathloss model in [15] is used.

For sidelink, dual mobility is modeled as follows with the parameters defined in [15]:
· Doppler for the LOS path:
[image: ], 
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· Doppler for the delayed paths:

where  is a random variable with uniform distribution from  to ,   is the maximum speed of the vehicle in the layout, and  () is a random variable with uniform distribution. Evaluation using other distribution for  is not precluded.

6.2.3.1	CDL Models for Link Simulations
The parameters represent a CDL model derived from the V2X SCM channel model in Section 6.2.3. The procedure for generating the channel using the CDL model is the same as defined in [15].
Table 6.2.3.1-1, 6.2.3.1-2, 6.2.3.1-3, 6.2.3.1-4 and 6.2.3.1-5 show the CDL models for Urban LOS, Urban NLOS, Urban NLOSv and Highway LOS and NLOSv channels. 
Table 6.2.3.1-1: CDL model for Urban LOS V2X channel
	Cluster #
	Delay [ns]
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0.0000
	-0.12
	0.0
	0.0
	90.0
	90.0

	
	0.0000
	-15.52
	0.0
	0.0
	90.0
	90.0

	2
	6.4000
	-17.7
	0.0 
	0.0 
	90.0
	90.0

	3
	12.8000
	-19.5
	0.0
	0.0
	90.0
	90.0

	4
	11.0793
	-15.9
	93.2
	128.2
	75.1
	57.8

	5
	21.9085
	-14.6
	85.4
	128.1
	76.6
	119.7

	6
	29.6768
	-9.1
	-49.9
	-83.2
	84.8
	100.0

	7
	36.0768
	-11.3
	-49.9
	-83.2
	84.8
	100.0

	8
	42.4768
	-13.1
	-49.9
	-83.2
	84.8
	100.0

	9
	68.4085
	-19.3
	-97.1
	142.5
	107.3
	130.3

	10
	82.2944
	-20.0
	108.5
	134.3
	107.7
	130.3

	11
	115.4173
	-16.3
	-90.7
	-122.7
	104.0
	58.1

	12
	143.2963
	-17.9
	105.5
	137.9
	107.0
	52.5

	13
	146.4136
	-25.4
	127.1
	162.4
	68.4
	36.9

	14
	183.1925
	-26.9
	127.0
	-161.4
	67.2
	145.1

	15
	214.1501
	-22.9
	-101.5
	-159.4
	69.4
	42.8

	16
	326.7825
	-25.3
	125.2
	160.9
	112.0
	141.6

	Per-Cluster Parameters

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

	Value
	3
	17
	7
	7
	9







Table 6.2.3.1-2: CDL model for Urban NLOS V2X channel
	Cluster #
	Delay (ns)
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0
	-4.8
	-53
	144
	79.7
	12.5

	2
	6.466311
	-0.8
	-2.7
	17.5
	89.3
	73.3

	3
	11.6926
	-3
	-2.7
	17.5
	89.3
	73.3

	4
	16.91889
	-4.8
	-2.7
	17.5
	89.3
	73.3

	5
	19.49782
	0
	-30.3
	93
	93.6
	73.7

	6
	20.64838
	-0.8
	-28
	100.3
	85.3
	121.2

	7
	38.74579
	-0.9
	28.3
	91.4
	96
	119.6

	8
	48.75469
	-0.8
	0.5
	-36.4
	91.3
	92.9

	9
	53.98099
	-3
	0.5
	-36.4
	91.3
	92.9

	10
	59.20728
	-4.8
	0.5
	-36.4
	91.3
	92.9

	11
	62.18983
	-6.3
	-80
	-173.7
	79.8
	175.1

	12
	68.71579
	-4 
	60
	121.8
	81.1
	29.4

	13
	70.33887
	-8.1
	-75.7
	160.1
	102.9
	159

	14
	74.461
	-8
	-76.8
	-157
	103.2
	168.3

	15
	105.954
	-7
	59.4
	151.3
	77.5
	6.9

	16
	117.9043
	-8.3
	72.6
	174.6
	77.2
	168

	17
	137.072
	-1.7
	42.3
	97.2
	95.5
	134.6

	18
	210.5223
	-7.6
	57.3
	157.6
	100.5
	21.4

	19
	218.8232
	-16.2
	-93.9
	-123.8
	111.2
	84.2

	20
	232.2158
	-4.2
	-37.8
	-147.1
	80
	171

	21
	289.6542
	-18.2
	106.7
	123
	64.3
	110.2

	22
	357.7905
	-21.8
	107.5
	76.7
	119.9
	39.6

	23
	380.2389
	-19.9
	-95
	-111.6
	117
	127.9

	Per-Cluster Parameters

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

	Value
	10
	22
	7
	7
	8




Table 6.2.3.1-3: CDL model for Urban NLOSv V2X channel
	Cluster #
	Delay [ns]
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0.0000
	-0.14
	0.0
	0.0
	90.0
	90.0

	
	0.0000
	-14.93
	0.0
	0.0
	90.0
	90.0

	2
	20.1752
	-8.9
	36.0 
	 -41.6 
	84.1
	81.1  

	3
	34.2552
	-11.2
	36.0
	-41.6
	84.1
	81.1

	4
	48.3352
	-12.9
	36.0
	-41.6
	84.1
	81.1

	5
	34.3633
	-17.9
	-45.7
	100.1
	74.2
	118.1

	6
	37.1866
	-14.8
	60.7
	94.9
	76.4
	117.3

	7
	52.1209
	-11.9
	53.6
	79.4
	77.3
	71.3

	8
	52.7982
	-10.2
	-34.5
	60.5
	97.4
	103.0

	9
	66.8782
	-12.5
	-34.5
	60.5
	97.4
	103.0

	10
	80.9582
	-14.2
	-34.5
	60.5
	97.4
	103.0

	11
	53.2168
	-11.1
	48.4
	76.5
	99.7
	108.7

	12
	53.2285
	-15.5
	-45.8
	-87.5
	105.6
	63.7

	13
	55.2847
	-13.8
	56.0
	-99.3
	76.6
	67.0

	14
	65.8409
	-12.5
	55.7
	-79.3
	76.9
	109.3

	15
	79.0272
	-20.2
	-48.9
	110.6
	71.3
	125.9

	16
	90.9391
	-11.7
	51.1
	-78.8
	77.9
	108.3

	17
	91.0347
	-19.0
	62.7
	-111.0
	71.6
	58.4

	18
	105.4760
	-17.1
	-43.0
	-93.5
	73.9
	119.8

	19
	118.7946
	-17.5
	62.4
	-88.5
	72.4
	119.9

	20
	166.1280
	-18.1
	-50.6
	103.4
	72.7
	120.3

	21
	253.7053
	-22.2
	-57.0
	111.9
	110.7
	54.1

	22
	293.5444
	-16.4
	-43.1
	-97.3
	104.6
	62.1

	23
	471.3768
	-19.8
	-50.1
	118.2
	108.6
	56.4

	Per-Cluster Parameters

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

	Value
	10
	22
	7
	7
	8



	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	





Table 6.2.3.1-4: CDL model for Highway LOS V2X channel
	Cluster #
	Delay [ns]
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0.0000
	-0.07
	0.0
	0.0
	90.0
	90.0

	
	0.0000
	-18.08
	0.0
	0.0
	90.0
	90.0

	2
	2.1109
	-19.9 
	63.4 
	99.8 
	83.8 
	75.0 

	3
	2.9528
	-13.9
	50.0
	-81.4
	86.9
	98.4

	4
	17.0328
	-16.2
	50.0
	-81.4
	86.9
	98.4

	5
	31.1128
	-17.9
	50.0
	-81.4
	86.9
	98.4

	6
	9.1629
	-14.5
	55.2
	-106.9
	85.1
	78.1

	7
	10.6761
	-21.3
	-62.6
	115.7
	97.3
	73.7

	8
	11.0257
	-18.7
	56.0
	-114.3
	96.3
	105.4

	9
	18.5723
	-14.9
	53.3
	89.1
	85.3
	79.1

	10
	19.8875
	-16.2
	-51.1
	-95.5
	94.4
	79.4

	11
	33.9675
	-18.5
	-51.1
	-95.5
	94.4
	79.4

	12
	48.0475
	-20.2
	-51.1
	-95.5
	94.4
	79.4

	13
	25.7370
	-17.1
	-56.1
	-108.7
	95.5
	77.4

	14
	36.2683
	-13.8
	58.4
	98.5
	86.2
	80.4

	15
	66.7093
	-28.4
	74.7
	-138.6
	81.1
	68.1

	16
	139.9695
	-27.4
	-71.5
	137.4
	99.4
	111.8

	Per-Cluster Parameters

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

	Value
	3
	17
	7
	7
	9






Table 6.2.3.1-5: CDL model for Highway NLOSv V2X channel
	Cluster #
	Delay [ns]
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0.0000
	-0.2927 
	0.0 
	0.0
	90.0 
	90.0   

	
	0.0000
	-11.8594
	0.0
	0.0
	90.0
	90.0

	2
	5.5956
	-12.5090
	-52.3
	60.0
	99.2
	61.5

	3
	19.6756
	-14.7274
	-52.3
	60.0
	99.2
	61.5

	4
	33.7556
	-16.4884
	-52.3
	60.0
	99.2
	61.5

	5
	21.7591
	-11.8681
	66.4
	65.4
	77.2
	54.8

	6
	21.8113
	-11.3289
	-46.7
	-83.5
	78.6
	56.1

	7
	27.2207
	-17.8834
	89.8
	-103.0
	106.8
	34.8

	8
	39.3242
	-9.9943
	-56.8
	55.3
	81.2
	120.7

	9
	51.0232
	-12.7302
	75.9
	-86.9
	102.1
	119.9

	10
	51.4828
	-13.9120
	85.4
	-91.8
	103.7
	48.7

	11
	53.3659
	-16.8781
	88.9
	-99.3
	74.0
	136.9

	12
	65.1775
	-12.9647
	-46.2
	-85.6
	100.0
	56.9

	13
	79.2575
	-15.1832
	-46.2
	-85.6
	100.0
	56.9

	14
	93.3375
	-16.9441
	-46.2
	-85.6
	100.0
	56.9

	15
	67.9841
	-10.7858
	-50.9
	-81.9
	100.2
	121.1

	16
	70.7561
	-12.3875
	-54.3
	80.7
	77.7
	121.6

	17
	73.9980
	-17.3827
	88.3
	-113.2
	73.8
	141.6

	18
	75.8665
	-14.7254
	78.0
	-88.5
	103.8
	131.1

	19
	84.3678
	-13.5863
	73.5
	71.6
	104.8
	51.1

	20
	90.1654
	-20.9080
	-69.7
	90.4
	69.4
	147.1

	21
	91.6154
	-15.5653
	-62.1
	-95.6
	103.2
	46.7

	22
	142.9312
	-19.7098
	-70.3
	98.2
	109.1
	32.2

	23
	158.4339
	-24.7824
	-84.5
	110.4
	113.8
	157.3

	Per-Cluster Parameters

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

	Value
	10
	22
	7
	7
	8





image1.wmf
N


oleObject1.bin

image2.wmf
M


oleObject2.bin

image3.wmf
DS

c


oleObject3.bin

image4.wmf
ASD

c


oleObject4.bin

image5.wmf
ASA

c


oleObject5.bin

image6.wmf
ZSA

c


oleObject6.bin

image7.emf
 

0

,, ,,

,

. ˆ . ˆ



tx

T

m n tx rx

T

m n rx

m n

v r v r

v






image8.emf
 

 T

rx v rx v rx v rx v rx v rx rx

v v

, , , , ,

cos sin sin cos sin

     


image9.emf
 

 T

tx v tx v tx v tx v tx v tx tx

v v

, , , , ,

cos sin sin cos sin

     


