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6.1.4
Antenna model
Parameters regarding antenna height are given in the following table:
Table 6.1.4-1: Antenna height
	Parameters
	Urban grid for eV2X
	Highway for eV2X

	BS antenna height
	Macro BS: 25m 

Micro BS: 5m
	Macro BS: 

35m for ISD 1732m

25m for ISD 500m

Micro BS: 5m

	UE antenna height
	Vehicle UE: As defined in Subclause 6.1.2
Pedestrian UE, cellular UE: 1.5 m
UE-type-RSU: 5 m
	Vehicle UE: As defined in Subclause 6.1.2
Pedestrian UE, cellular UE: 1.5 m
UE-type-RSU: 5 m


Note #1: The values for UE antenna may be revised after discussions on antenna placement, etc., if any.

Macro BS antenna element pattern and array configuration are given in the following tables:
Table 6.1.4-2: Antenna element pattern for Macro BS
	
	For 4 GHz
	For 30 GHz

	Antenna element gain vertical pattern
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	Antenna element gain horizontal pattern
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	Pattern combining method for 3D 
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	Max direct. gain of the antenna element
	8 dBi


Table 6.1.4-3: Antenna array configuration for Macro BS
	
	For 4 GHz
	For 30 GHz

	TXRU mapping
	Up to proponents
	Up to proponents

	Number of antenna elements across all panels
	Up to 256 TX/RX antenna elements
	Up to 256 Tx /Rx antenna elements

	Antenna array configuration
(M, N, P, Mg, Ng)
	(8, 8, 2, 1, 1)
	(4, 8, 2, 2, 2)

	Antenna array spacing (dH,dV,dH,g,dV,g)
	(dH, dV) = (0.5, 0.8)λ
	(dH, dV) = (0.5, 0.5)λ

(dH,g, dV,g) = (4.0, 2.0)λ

	Antenna polarization
	Declare which polarization model in [15] is used
	Declare which polarization model in [15] is used

	Antenna tilt, deg
	102 degree for 500m ISD, 96 degree for 1732m ISD
	102 degree for 500m ISD, 96 degree for 1732m ISD 

	Others
	TXRUs within a panel can be assumed to be synchronized and phase-calibrated (at least to the same level as in LTE)


UE-type RSU antenna element pattern and array configuration are given in the following tables:
Table 6.1.4-4: Antenna element pattern for UE-Type RSU

	For 6 GHz

	Antenna element gain vertical pattern
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	Antenna element gain horizontal pattern
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	Pattern combining method for 3D 
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	Max direct. gain of the antenna element
	3 dBi

	For 30 and 63 GHz

	Antenna element gain vertical pattern
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	Antenna element gain horizontal pattern
	[image: image10.wmf]2

,3dB

3dB

()min12,,90,25dB

EHmm

AAA

j

jj

j

ìü

æö

¢¢

ïï

¢¢

=-=°=

íý

ç÷

èø

ïï

îþ



	Pattern combining method for 3D 
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	Max direct. gain of the antenna element
	5 dBi


Table 6.1.4-5: Antenna array configuration for UE-Type RSU

	
	For 6 GHz
	For 30 and 63 GHz

	TXRU mapping
	Up to proponents decision 
	Up to proponents decision 

	Number of antenna elements across all panels
	Up to 8 Tx /Rx antenna elements 
	Up to 32 Tx /Rx antenna elements 

	Antenna array configuration
(M, N, P, Mg, Ng)
	Baseline: (1, 2, 2, 1, 1)

Optional: (1, 4, 2, 1, 1)
	(1, 4, 2, 1, 4)

Panel bearing angle:

Ω0,1=Ω0,0+90°; Ω0,2=Ω0,0+180°; Ω0,3=Ω0,0+270°;

	Antenna array spacing (dH,dV,dH,g,dV,g)
	(dH, dV) = (0.5, 0.8)λ
	(dH, dV) = (0.5, 0.5)λ

	Antenna polarization
	Declare which polarization model in [15] is used
	Declare which polarization model in [15] is used

	Antenna tilt, deg
	96 degree
	96 degree


Pedestrian UE and cellular UE antenna element pattern and array configuration are given in the following tables:
Table 6.1.4-6: Antenna element pattern for pedestrian UE and cellular UE
	
	Pedestrian UE and cellular UE

	
	For 6 GHz
	For 30 and 63 GHz

	Antenna element gain vertical pattern
	Omni-directional
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	Antenna element gain horizontal pattern
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	Pattern combining method for 3D 
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	Max direct. gain of the antenna element
	0 dBi
	5 dBi


Table 6.1.4-7: Antenna array configuration for pedestrian UE and cellular UE
	
	Pedestrian UE and cellular UE

	
	For 6 GHz 
	For 30 and 63 GHz

	TXRU mapping
	Up to proponents decision
	Up to proponents decision

	Number of antenna elements across all panels
	Up to 8 Tx /Rx antenna elements 
	Up to 32 Tx /Rx antenna elements

	Antenna array configuration
(M, N, P, Mg, Ng)
	(1, 2, 2, 1, 1)

	(2, 4, 2, 1, 2)

Panel bearing angle: Ω0,1=Ω0,0+180°

	Antenna array spacing (dH,dV,dH,g,dV,g)
	(dH, dV) = (0.5, 0.5)λ


	(dH, dV) = (0.5, 0.5)λ; (dH,g, dV,g) = (0, 0)λ



	Antenna polarization
	Declare which polarization model in [15] is used
	Declare which polarization model in [15] is used

	Antenna tilt, deg
	90
	90


Note: Antenna pattern can be different in different carrier frequencies.

Two options are defined for vehicle UE antenna element pattern and array configuration. Companies are encouraged to provide evaluation results using both options.
-
Option 1: Vehicle UE antenna is modelled in Table 6.1.4-8 and 6.1.4-9:
Table 6.1.4-8: Antenna element pattern for vehicle UE in Option 1
	For 6 GHz

	Antenna element gain vertical pattern
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	Antenna element gain horizontal pattern
	Vehicle Type 2: 
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Vehicle Type 1 and Type 3: [image: image17.wmf]2
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	Pattern combining method for 3D 
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	Max direct. gain of the antenna element
	3 dBi

	For 30 and 63 GHz

	Antenna element gain vertical pattern
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	Antenna element gain horizontal pattern
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	Pattern combining method for 3D 
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	Max direct. gain of the antenna element
	5 dBi


Table 6.1.4-9: Antenna array configuration for vehicle UE in Option 1
	
	Vehicle UE

	
	For 6 GHz
	For 30 and 63 GHz

	TXRU mapping
	Up to proponents decision 
	Up to proponents decision

	Number of antenna elements across all panels
	Up to 8 Tx /Rx antenna elements
	Up to 32 Tx /Rx antenna elements

	Antenna array configuration
(M, N, P, Mg, Ng)
	Vehicle Type 1 and Type 3:

Front and rear antennas:

Baseline: (1, 1, 2, 1, 1) for each location

Optional: (1, 2, 2, 1, 1) for each location

Front antenna array bearing angle: ΩFront = 0°

Rear antenna array bearing angle: ΩRear = 180°

Vehicle Type 2:

Rooftop antenna:

Baseline: (1, 2, 2, 1, 1)

Optional: (1, 4, 2, 1, 1)
	Vehicle Type 1 and 3:

Front and rear antennas:

(2, 4, 2, 1, 1) for each location

Front antenna array bearing angle: ΩFront = 0°

Rear antenna array bearing angle: ΩRear = 180°

Vehicle Type 2:

Multi-panel at rooftop:

(1, 4, 2, 1, 4)

Panel bearing angle:

Ω0,1=Ω0,0+90°; Ω0,2=Ω0,0+180°; Ω0,3=Ω0,0+270°;

	Antenna array spacing (dH,dV,dH,g,dV,g)
	(dH, dV) = (0.5, 0.5)λ
	(dH, dV) = (0.5, 0.5)λ

	Antenna polarization
	Declare which polarization model in [15] is used
	Declare which polarization model in [15] is used

	Antenna tilt, deg
	90
	90


Unchanged text is omitted

Table 6.1.4-12: Antenna array configuration for vehicle UE in Option 2
	
	Vehicle UE

	
	For 6 GHz
	For 30 and 63 GHz

	TXRU mapping
	Up to proponents decision 
	Up to proponents decision

	Number of antenna elements across all panels
	Up to 8 Tx /Rx antenna elements
	Up to 32 Tx /Rx antenna elements

	Antenna array configuration
(M, N, P, Mg, Ng)
	 (1, 1, 2, 1, 1) for each location
	 (2, 4, 2, 1, 1) for each location

	Antenna array spacing (dH,dV,dH,g,dV,g)
	(dH, dV) = (0.5, 0.5)λ
	(dH, dV) = (0.5, 0.5)λ

	Antenna polarization
	Declare which polarization model in [15] is used
	Declare which polarization model in [15] is used

	Antenna tilt, deg
	0
	0


Unchanged text is omitted

6.2.1
Pathloss model
Pathloss model for V2V links is given in the following table:
Table 6.2.1-1: Pathloss for V2V links
	LOS/NLOS/NLOSv
	Pathloss [dB]
	Shadow fading std [dB]2

	LOS, NLOSv
	For Highway case,
PL = 32.4 + 20 log10(d3D) + 20 log10(fc)

For Urban case,
PL= 38.77 + 16.7 log10(d3D) + 18.2 log10(fc)
	σSF = 3

	NLOS
	PL= 36.85 + 30 log10(d3D) + 18.9 log10(fc) 
	σSF = 4

	Note 1:
fc denotes the center frequency in GHz and d3D denotes the Euclidean distance between TX and RX in 3D space in meters.
Note 2:
The model for spatial correlation of shadow fading defined in [13] applies.


Unchanged text is omitted

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
	-180
	90.0
	90.0

	
	0.0000
	-15.52
	0.0
	-180
	90.0
	90.0

	2
	6.4000
	-17.7
	0.0 
	-180
	90.0
	90.0

	3
	12.8000
	-19.5
	0.0
	-180
	90.0
	90.0

	4
	11.0793
	-15.9
	93.2
	-51.8
	75.1
	57.8

	5
	21.9085
	-14.6
	85.4
	-51.9
	76.6
	119.7

	6
	29.6768
	-9.1
	-49.9
	96.8
	84.8
	100.0

	7
	36.0768
	-11.3
	-49.9
	96.8
	84.8
	100.0

	8
	42.4768
	-13.1
	-49.9
	96.8
	84.8
	100.0

	9
	68.4085
	-19.3
	-97.1
	-37.5
	107.3
	130.3

	10
	82.2944
	-20.0
	108.5
	-45.7
	107.7
	130.3

	11
	115.4173
	-16.3
	-90.7
	57.3
	104.0
	58.1

	12
	143.2963
	-17.9
	105.5
	-42.1
	107.0
	52.5

	13
	146.4136
	-25.4
	127.1
	-17.6
	68.4
	36.9

	14
	183.1925
	-26.9
	127.0
	18.6
	67.2
	145.1

	15
	214.1501
	-22.9
	-101.5
	20.6
	69.4
	42.8

	16
	326.7825
	-25.3
	125.2
	-19.1
	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
	0.0000
	-4.8
	-53
	-36
	79.7
	12.5

	2
	6.466311
	-0.8
	-2.7
	-162.5
	89.3
	73.3

	3
	11.6926
	-3
	-2.7
	-162.5
	89.3
	73.3

	4
	16.91889
	-4.8
	-2.7
	-162.5
	89.3
	73.3

	5
	19.49782
	0
	-30.3
	-87
	93.6
	73.7

	6
	20.64838
	-0.8
	-28
	-79.7
	85.3
	121.2

	7
	38.74579
	-0.9
	28.3
	-88.6
	96
	119.6

	8
	48.75469
	-0.8
	0.5
	143.6
	91.3
	92.9

	9
	53.98099
	-3
	0.5
	143.6
	91.3
	92.9

	10
	59.20728
	-4.8
	0.5
	143.6
	91.3
	92.9

	11
	62.18983
	-6.3
	-80
	6.3
	79.8
	175.1

	12
	68.71579
	-4 
	60
	-58.2
	81.1
	29.4

	13
	70.33887
	-8.1
	-75.7
	-19.9
	102.9
	159

	14
	74.461
	-8
	-76.8
	23
	103.2
	168.3

	15
	105.954
	-7
	59.4
	-28.7
	77.5
	6.9

	16
	117.9043
	-8.3
	72.6
	-5.4
	77.2
	168

	17
	137.072
	-1.7
	42.3
	-82.8
	95.5
	134.6

	18
	210.5223
	-7.6
	57.3
	-22.4
	100.5
	21.4

	19
	218.8232
	-16.2
	-93.9
	56.2
	111.2
	84.2

	20
	232.2158
	-4.2
	-37.8
	32.9
	80
	171

	21
	289.6542
	-18.2
	106.7
	-57
	64.3
	110.2

	22
	357.7905
	-21.8
	107.5
	-103.3
	119.9
	39.6

	23
	380.2389
	-19.9
	-95
	68.4
	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
	-180
	90.0
	90.0

	
	0.0000
	-14.93
	0.0
	-180
	90.0
	90.0

	2
	20.1752
	-8.9
	36.0 
	138.4
	84.1
	81.1  

	3
	34.2552
	-11.2
	36.0
	138.4
	84.1
	81.1

	4
	48.3352
	-12.9
	36.0
	138.4
	84.1
	81.1

	5
	34.3633
	-17.9
	-45.7
	-79.9
	74.2
	118.1

	6
	37.1866
	-14.8
	60.7
	-85.1
	76.4
	117.3

	7
	52.1209
	-11.9
	53.6
	-100.6
	77.3
	71.3

	8
	52.7982
	-10.2
	-34.5
	-119.5
	97.4
	103.0

	9
	66.8782
	-12.5
	-34.5
	-119.5
	97.4
	103.0

	10
	80.9582
	-14.2
	-34.5
	-119.5
	97.4
	103.0

	11
	53.2168
	-11.1
	48.4
	-103.5
	99.7
	108.7

	12
	53.2285
	-15.5
	-45.8
	92.5
	105.6
	63.7

	13
	55.2847
	-13.8
	56.0
	80.7
	76.6
	67.0

	14
	65.8409
	-12.5
	55.7
	100.7
	76.9
	109.3

	15
	79.0272
	-20.2
	-48.9
	-69.4
	71.3
	125.9

	16
	90.9391
	-11.7
	51.1
	101.2
	77.9
	108.3

	17
	91.0347
	-19.0
	62.7
	69
	71.6
	58.4

	18
	105.4760
	-17.1
	-43.0
	86.5
	73.9
	119.8

	19
	118.7946
	-17.5
	62.4
	91.5
	72.4
	119.9

	20
	166.1280
	-18.1
	-50.6
	-76.6
	72.7
	120.3

	21
	253.7053
	-22.2
	-57.0
	-68.1
	110.7
	54.1

	22
	293.5444
	-16.4
	-43.1
	82.7
	104.6
	62.1

	23
	471.3768
	-19.8
	-50.1
	-61.8
	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
	-180
	90.0
	90.0

	
	0.0000
	-18.08
	0.0
	-180
	90.0
	90.0

	2
	2.1109
	-19.9 
	63.4 
	-80.2
	83.8 
	75.0 

	3
	2.9528
	-13.9
	50.0
	98.6
	86.9
	98.4

	4
	17.0328
	-16.2
	50.0
	98.6
	86.9
	98.4

	5
	31.1128
	-17.9
	50.0
	98.6
	86.9
	98.4

	6
	9.1629
	-14.5
	55.2
	73.1
	85.1
	78.1

	7
	10.6761
	-21.3
	-62.6
	-64.3
	97.3
	73.7

	8
	11.0257
	-18.7
	56.0
	65.7
	96.3
	105.4

	9
	18.5723
	-14.9
	53.3
	-90.9
	85.3
	79.1

	10
	19.8875
	-16.2
	-51.1
	84.5
	94.4
	79.4

	11
	33.9675
	-18.5
	-51.1
	84.5
	94.4
	79.4

	12
	48.0475
	-20.2
	-51.1
	84.5
	94.4
	79.4

	13
	25.7370
	-17.1
	-56.1
	71.3
	95.5
	77.4

	14
	36.2683
	-13.8
	58.4
	-81.5
	86.2
	80.4

	15
	66.7093
	-28.4
	74.7
	41.4
	81.1
	68.1

	16
	139.9695
	-27.4
	-71.5
	-42.6
	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 
	-180
	90.0 
	90.0   

	
	0.0000
	-11.8594
	0.0
	-180
	90.0
	90.0

	2
	5.5956
	-12.5090
	-52.3
	-120
	99.2
	61.5

	3
	19.6756
	-14.7274
	-52.3
	-120
	99.2
	61.5

	4
	33.7556
	-16.4884
	-52.3
	-120
	99.2
	61.5

	5
	21.7591
	-11.8681
	66.4
	-114.6
	77.2
	54.8

	6
	21.8113
	-11.3289
	-46.7
	96.5
	78.6
	56.1

	7
	27.2207
	-17.8834
	89.8
	77
	106.8
	34.8

	8
	39.3242
	-9.9943
	-56.8
	-124.7
	81.2
	120.7

	9
	51.0232
	-12.7302
	75.9
	93.1
	102.1
	119.9

	10
	51.4828
	-13.9120
	85.4
	88.2
	103.7
	48.7

	11
	53.3659
	-16.8781
	88.9
	80.7
	74.0
	136.9

	12
	65.1775
	-12.9647
	-46.2
	94.4
	100.0
	56.9

	13
	79.2575
	-15.1832
	-46.2
	94.4
	100.0
	56.9

	14
	93.3375
	-16.9441
	-46.2
	94.4
	100.0
	56.9

	15
	67.9841
	-10.7858
	-50.9
	98.1
	100.2
	121.1

	16
	70.7561
	-12.3875
	-54.3
	-99.3
	77.7
	121.6

	17
	73.9980
	-17.3827
	88.3
	66.8
	73.8
	141.6

	18
	75.8665
	-14.7254
	78.0
	91.5
	103.8
	131.1

	19
	84.3678
	-13.5863
	73.5
	-108.4
	104.8
	51.1

	20
	90.1654
	-20.9080
	-69.7
	-89.6
	69.4
	147.1

	21
	91.6154
	-15.5653
	-62.1
	84.4
	103.2
	46.7

	22
	142.9312
	-19.7098
	-70.3
	-81.8
	109.1
	32.2

	23
	158.4339
	-24.7824
	-84.5
	-69.6
	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
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