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1. Introduction
This contribution summarizes discussion aspects of NR V2X channel model based on submitted contributions for AI 7.5.2.

2. Remaining issues for remaining issues for antenna model
2.1. gNB
2.1.1. Antenna placement
Intel (R1-1806539)
Reuse gNB cell layout from TR 36.885 including antenna boresight angle definition
Apply gNB antenna tilts of 102 and 96 degree for Urban and Freeway scenarios accordingly
Proposal:
· Reuse gNB cell layout from TR 36.885 including antenna boresight angle definition
· Apply gNB antenna tilts of 102 degree for the case of ISD 500m.
· Apply gNB antenna tilts of 96 degree for the case of ISD 1732m.


2.1.2. Antenna array configuration
Intel (R1-1806539)
	
	gNB (Macro gNB)

	
	Low band (2-4 GHz)
	High band (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)
(TR 38.802, Baseline gNB antenna configuration for UMa scenario)
	(4, 8, 2, 2, 2)
(TR 38.802, Baseline gNB antenna configuration for UMa scenario)

	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

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



Ericsson (R1-1806152) 
	
	Below 6 GHz
	Above 6 GHz

	TXRU mapping
	Per panel, per polarization


	Per panel, per polarization. 
Consider the following a TXRU to antenna elements mapping as examples
30GHz and 70GHz: 
Option 1: a single TXRU is mapped per panel per polarization.
Option 2: a single TXRU is mapped per panel per subarray per polarization, 
- E.g., where a subarray consists of consecutive M/2 vertical antennas and N/2 horizontal antennas with the same polarization.
- Other subarray configurations are not precluded. 
Option 3: Fully connected TXRU mapping within a panel per polarization.
- Other Fully connected TXRU mapping is not precluded. 

For evaluating multi beam based approaches at 30GHz and 70GHz, consider the following:
- TXRU to antenna mapping weights are adjustable and used to steer the panel beam direction in multi beam based approaches in time domain.

	Number of antenna elements across all panels
	Up to 256 Tx/Rx antenna elements 
	30GHz: Up to 256 Tx /Rx antenna elements 

	Antenna array configuration
(M, N, P, Mg, Ng)
	Dense urban and Urban macro:
- Baseline: (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1).

	30GHz:
Dense urban and Urban macro:
- Baseline: (M, N, P, Mg, Ng) = (4, 8, 2, 2, 2). 
 

	Antenna array spacing (dH,dV,dH,g,dV,g)
	Dense urban and Urban macro:
- Baseline: (dH, dV) = (0.5, 0.8)λ

	30GHz:
Dense urban and Urban macro:
- Baseline: (dH, dV) = (0.5, 0.5)λ. (dg,H,dg,V) = (4.0, 2.0)λ 

	Antenna tilt, deg
	No mechanical tilt
	No mechanical tilt



Samsung (R1-1806756) 
Antenna array configuration for Macro BS
	
	For 4 GHz
	For 30 GHz

	TXRU mapping
	Up to proponents decision
	Up to proponents decision

	Number of antenna elements across all panels
	Up to 256 TX/RX antenna elements
	Up to 256 TX/RX antenna elements
(the same as TR38.802)

	Antenna array configuration
(M, N, P, Mg, Ng)
	(8, 8, 2, 1, 1)
(reuse value for High Speed Train or Dense urban and Urban macro in TR38.802)
	(4,8,2,2,2)
(reuse value for Dense urban and Urban macro in TR38.802)

	Antenna array spacing (dH,dV,dH,g,dV,g)
	(dH, dV) = (0.5, 0.8)λ
(reuse value for Dense urban and Urban macro in TR38.802)
	(dH, dV) = (0.5, 0.5)λ. (dg,H,dg,V) = (4.0, 2.0)λ
(reuse value for Dense urban and Urban macro in TR38.802)



Proposal: BS antenna configuration is as follows:
	
	gNB (Macro gNB)

	
	Low band (2-4 GHz)
	High band (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)
(TR 38.802, Baseline gNB antenna configuration for UMa scenario)
	(4, 8, 2, 2, 2)
(TR 38.802, Baseline gNB antenna configuration for UMa scenario)

	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

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




2.2. gNB-type RSU
2.2.1. Antenna placement
Intel (R1-1806539)
gNB-type RSUs which are deployed along the roads in Highway and Urban grid scenarios utilize directional antenna patterns.
gNB-Type RSU deployed at Urban grid intersections utilize omni-directional antenna element pattern.

2.2.2. Antenna element pattern
Intel (R1-1806539)
gNB-type RSUs which are deployed along the roads in Highway and Urban grid scenarios utilize directional antenna patterns.
	Parameter
	For both below and above 6GHz

	Antenna element gain vertical pattern
	


	Antenna element gain horizontal pattern
	


	Pattern combining method for 3D
	


	Max direct. gain of the antenna element
	8 dBi



gNB-Type RSU deployed at Urban grid intersections utilize omni-directional antenna element pattern.
	Parameter
	For both below and above 6GHz

	Antenna element gain vertical pattern
	


	Antenna element gain horizontal pattern
	


	Pattern combining method for 3D
	


	Max direct. gain of the antenna element
	8 dBi





2.2.3. Antenna array configuration
Intel (R1-1806539)
	
	gNB-Type RSU (Micro gNB)

	
	Low band (2-4 GHz)
	High band (30 GHz)

	TXRU mapping
	Up to proponents
	Up to proponents

	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)
	Along the roads:
(1, 2, 2, 1, 2) 
Panel bearing angle:
Ω0,1=Ω0,0+180
Directional antenna elements

Intersection:
(1, 2, 2, 2, 1)
Panel bearing angle:
Ω0,1=Ω0,0+90
Omni antenna elements

	Along the roads:
(2, 4, 2, 1, 2)
Panel bearing angle:
Ω0,1=Ω0,0+180
Directional antenna elements

Intersection:
(1, 4, 2, 4, 1)
Panel bearing angle:
Ω1,0=Ω0,0+90°; Ω2,0=Ω0,0+180°; Ω3,0=Ω0,0+270°; Directional antenna elements


	Antenna array spacing (dH,dV,dH,g,dV,g)
	 (dH, dV) = (0.5, 0.8)λ
(TR 38.802, Section A.2.1, Dense Urban Micro cell TRP configuration)
	(dH, dV) = (0.5, 0.5)λ

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



Proposal: Use “micro BS” in the TR instead of “BS-type RSU.” Detailed text will be discussed with the TR update.


2.3. UE-type RSU
2.3.1. Antenna placement
Intel (R1-1806539)
Same as gNB-type RSU deployment

2.3.2. Antenna element pattern
Intel (R1-1806539)
	
	Low band (6 GHz)

	Antenna element gain vertical pattern
	


	Antenna element gain horizontal pattern
	


	Pattern combining method for 3D 
	


	Max direct. gain of the antenna element
	5 dBi



	
	High band (63 GHz)

	Antenna element gain vertical pattern
	


	Antenna element gain horizontal pattern
	[image: ]

	Pattern combining method for 3D 
	[image: ]

	Max direct. gain of the antenna element
	5 dBi




Ericsson (R1-1806152) 
UE-type RSU antenna element radiation pattern model for below 6GHz
	Parameter
	Values

	Antenna element gain vertical pattern
	Half spherically uniform distribution with bottom direction 

	Antenna element gain horizontal pattern
	


	Pattern combining method for 3D 
	


	Max direct. gain of the antenna element
	3 dBi



UE-type RSU antenna element radiation pattern model for above 6GHz
	Parameter
	Values

	Antenna element gain vertical pattern
	


	Antenna element gain horizontal pattern
	


	Pattern combining method for 3D 
	


	Max direct. gain of the antenna element
	5dBi



Samsung (R1-1806756) 
Antenna element pattern for UE-Type RSU
	
	For 6 GHz
	For 63 GHz

	Antenna element gain vertical pattern
	Omni-directional
	[image: ]

	Antenna element gain horizontal pattern
	
	[image: ]

	Pattern combining method for 3D 
	
	[image: ]

	Max direct. gain of the antenna element
	0 dBi
	5 dBi



Proposal: UE-type RSU antenna pattern is as follows:
	
	Low band (6 GHz)

	Antenna element gain vertical pattern
	


	Antenna element gain horizontal pattern
	


	Pattern combining method for 3D 
	


	Max direct. gain of the antenna element
	3 dBi



	
	High band (63 GHz)

	Antenna element gain vertical pattern
	


	Antenna element gain horizontal pattern
	[image: ]

	Pattern combining method for 3D 
	[image: ]

	Max direct. gain of the antenna element
	5 dBi




2.3.3. Antenna array configuration
Intel (R1-1806539)
	
	Low band (2-6 GHz)
	High band (30-63 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)
	Along the roads:
(1, 4, 2, 1, 1)
Omni antenna elements

Intersection:
(1, 2, 2, 2, 1)
Panel bearing angle:
Ω1,0=Ω0,0+90°;
Omni antenna elements

	Along the roads:
(2, 4, 2, 1, 2)
Panel bearing angle:
Ω0,1=Ω0,0+180
Directional antenna elements

Intersection:
(1, 4, 2, 4, 1)
Panel bearing angle:
Ω1,0=Ω0,0+90°; Ω2,0=Ω0,0+180°;Ω3,0=Ω0,0+270°;
Directional antenna elements

	Antenna array spacing (dH,dV,dH,g,dV,g)
	(dH, dV) = (0.5, 0.8)λ
TR 38.802, Section A.2.1, Dense Urban micro cell TRP configuration
	(dH, dV) = (0.5, 0.5)λ

	Antenna tilt, deg
	96
	96



Ericsson (R1-1806152) 
Antenna array configuration for UE-type RSU
	
	UE-type RSU

	
	Below 6 GHz
	Above 6 GHz

	TXRU mapping
	A single TXRU is mapped per panel per polarization
	A single TXRU is mapped per panel per polarization

	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)
	Collocated: (1, 4, 2, 1, 1)
	Collocated: (2, 4, 2, 1,2)


	Antenna array spacing (dH,dV,dH,g,dV,g)
	(0.5, 0.5, -, -) λ
	(0.5, 0.5, 0, 0) λ 



Samsung (R1-1806756) 
Antenna array configuration for UE-Type RSU
	
	For 6 GHz
	For 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) 
TR 38.802, Table A.1.6-1
	(2, 4, 2, 1, 2)
Panel bearing angle: Ω0,1=Ω0,0+180°
TR 38.802, Table A.1.6-2

	Antenna array spacing (dH,dV,dH,g,dV,g)
	(dH, dV) = (0.5, 0.5)λ
TR 38.802, Table A.1.6-1
	(dH, dV) = (0.5, 0.5)λ; (dH,g, dV,g) = (0, 0)λ
TR 38.802, Table A.1.6-2

	Antenna tilt, deg
	0
	90



Proposal: UE-type RSU antenna configuration is as follows:
	
	Low band (2-6 GHz)
	High band (30-63 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
TR 38.802, Section A.2.1, Dense Urban micro cell TRP configuration
	(dH, dV) = (0.5, 0.5)λ

	Antenna tilt, deg
	96
	96




2.4. Vehicle UE
2.4.1. Antenna placement
It was agreed “For both below and above 6 GHz, an option for “collocated antenna case” is supported. Note that this can be revised based on input from other organizations.” In addition, some companies discussed details of the antenna placement for vehicle UEs.
· For vehicle type 1, 
· One panel at the front bumper and one panel at the rear bumper
· Supported by Intel, LGE, GM
· For vehicle type 2, 
· Collocated antenna at the center of the rooftop
· Supported by Intel
· One panel at the front edge and one panel at the rear edge of the rooftop
· Supported by LGE, GM
· For vehicle type 3,
· One panel at the front edge and one panel at the rear edge of the rooftop
· Supported by Intel, LGE, GM
· Collocated antenna for calibration and distributed antenna for technical solution evaluation
· Supported by LGE, GM

Proposal: Two options are defined as follows. Companies are encouraged to provide evaluation results using both options.
· Option 1: 
	
	Low band (6 GHz)

	Antenna element gain vertical pattern
	


	Antenna element gain horizontal pattern
	Vehicle Type 2: 
[image: ]

Vehicle Type 1 and Type 3: 

	Pattern combining method for 3D 
	[image: ]

	Max direct. gain of the antenna element
	3 dBi



	
	High band (63 GHz)

	Antenna element gain vertical pattern
	


	Antenna element gain horizontal pattern
	[image: ]

	Pattern combining method for 3D 
	[image: ]

	Max direct. gain of the antenna element
	5 dBi



	
	Vehicle UE

	
	Low band (2-6 GHz)
	High band (30-63 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

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 tilt, deg
	90
	90



· Option 2:
· Antenna pattern in R1-1807613 is used.
· For vehicle type 1, 
· One panel at the front bumper and one panel at the rear bumper
· For vehicle type 2, 
· One panel at the front edge and one panel at the rear edge of the rooftop
· For vehicle type 3,
· One panel at the front edge and one panel at the rear edge of the rooftop
· Antenna configuration is as follows:
	
	Low band (2-6 GHz)
	High band (30-63 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 tilt, deg
	0
	0



Proposal: Determination between LOS and NLOSv states is decided per vehicle pair. Note that self-blockage effect is captured Option 2 in the antenna pattern. Self-blockage effect in Option 1 can be further discussed later.

2.4.2. Antenna element pattern
Intel (R1-1806539)
For VT1 and VT3 use 20dB self-attenuation value.
For coupling between rear and front antennas, use distance dependent pathloss (e.g. free space) and 20dB self–attenuation.
Consider two types of antenna element radiation patterns:
· Type A – Reference radiation patterns
· Type B – Coupled radiation patterns
Further study how to model coupled antenna radiation models including the following aspects: 
· Amplitude/phase characteristics in azimuth and zenith angles
· Parameters and procedure for antenna array modeling

	
	Low band (6 GHz)

	Antenna element gain vertical pattern
	


	Antenna element gain horizontal pattern
	Vehicle Type 2: 
[image: ]

Vehicle Type 1 and Type 3: 

	Pattern combining method for 3D 
	[image: ]

	Max direct. gain of the antenna element
	5 dBi



	
	High band (63 GHz)

	Antenna element gain vertical pattern
	


	Antenna element gain horizontal pattern
	[image: ]

	Pattern combining method for 3D 
	[image: ]

	Max direct. gain of the antenna element
	5 dBi




Ericsson (R1-1806152) 
Vehicle UE antenna element radiation pattern model for below 6GHz
	Parameter
	Values

	Antenna element gain vertical pattern
	Half spherically uniform distribution with top direction 

	Antenna element gain horizontal pattern
	


	Pattern combining method for 3D 
	


	Max direct. gain of the antenna element
	3 dBi



Vehicle UE antenna element radiation pattern model for above 6GHz
	Parameter
	Values

	Antenna element gain vertical pattern
	


	Antenna element gain horizontal pattern
	


	Pattern combining method for 3D 
	


	Max direct. gain of the antenna element
	5dBi



Samsung (R1-1806756) 
Antenna element pattern for vehicle UE 
	
	Vehicle UE

	
	For 6 GHz
	 For 63 GHz

	Antenna element gain vertical pattern
	Omni-directional
	[image: ]

	Antenna element gain horizontal pattern
	
	[image: ]

	Pattern combining method for 3D 
	
	[image: ]

	Max direct. gain of the antenna element
	0 dBi
	5 dBi



GM (R1-1807613) 
Front bumper for below 6GHz
	Parameter
	Values

	Vertical cut of the radiation power pattern (dB)
	
	k
	
	
	

	1
	27.855
	0.9281
	-1.3062

	2
	31.967
	2.7336
	1.4674

	3
	23.665
	3.0514
	-1.8167

	4
	1.8441
	7.7354
	-0.6126



	k
	
	
	

	1
	146.47
	1.095
	-1.6043

	2
	131.87
	1.192
	1.4566

	3
	5.2383
	3.9996
	-0.8389

	4
	1.9429
	9.0248
	1.6705




	Horizontal cut of the radiation power pattern (dB)
	
 
	K
	
	

	0
	-20.793
	-

	1
	-3.4026
	0.0721

	2
	1.3366
	0.1213

	3
	2.1764
	-0.0595

	4
	0.5881
	0.0102

	5
	-2.4068
	0.0675

	6
	1.7561
	-0.1513

	7
	0.7899
	-0.0133

	8
	-1.0144
	0.0177


 

	3D radiation power pattern (dB)
	



	Maximum directional gain of an antenna element GE,max
	 13dBi



Rear bumper for below 6GHz
	Parameter
	Values

	Vertical cut of the radiation power pattern (dB)
	
	k
	
	
	

	1
	28.64
	0.6822
	-1.6819

	2
	17.941
	1.0841
	0.8466

	3
	10.034
	4.5559
	-2.317

	4
	9.9931
	4.9505
	0.8248

	5
	103.05
	9.2847
	0.5153

	6
	102.49
	9.3113
	-2.6065



	k
	
	
	

	1
	29.045
	0.2614
	-0.7172

	2
	7.9836
	2.8649
	2.965

	3
	5.1881
	3.3343
	-0.1509

	4
	0.4384
	7.4621
	1.8565

	5
	1.0833
	47.882
	2.0727

	6
	1.131
	35.828
	-0.901

	7
	1.0114
	33.576
	-0.1873

	8
	1.0014
	39.562
	-1.0305




	Horizontal cut of the radiation power pattern (dB)
	
 
	k
	
	

	0
	-17.964
	-

	1
	4.1952
	0.0073

	2
	-0.3746
	-0.0202

	3
	1.2325
	0.005

	4
	0.2862
	-0.0764

	5
	-0.2796
	0.0252

	6
	-0.063
	-0.0114

	7
	-1.0205
	0.0298

	8
	-0.2964
	0.0095


 

	3D radiation power pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	 11dBi



Front rooftop for below 6GHz
	Parameter
	Values

	Vertical cut of the radiation power pattern (dB)
	
	k
	
	
	

	1
	27.156
	0.8354
	-0.9866

	2
	10.637
	1.2651
	1.9323

	3
	2.1018
	3.7081
	-1.6452

	4
	0.9267
	12.057
	-2.9006

	5
	0.8573
	8.5269
	3.5787

	6
	0.7456
	15.27
	-2.9591



	k
	
	
	

	1
	18.648
	1.0206
	-0.9611

	2
	11.099
	2.2755
	1.7808

	3
	213.68
	3.7367
	-1.6448

	4
	208.11
	3.7558
	1.492




	Horizontal cut of the radiation power pattern (dB)
	
 
	k
	
	

	0
	-11.719
	-

	1
	-2.4504
	0.0053

	2
	-0.9825
	-0.0508

	3
	-0.0419
	-0.0225

	4
	0.2384
	0.0065

	5
	0.2406
	-0.0023

	6
	0.1532
	0.006

	7
	0.1285
	0.0062

	8
	0.1407
	0.0038


 

	3D radiation power pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	 3dBi



Rear rooftop for below 6GHz
	Parameter
	Values

	Vertical cut of the radiation power pattern (dB)
	
	k
	
	
	

	1
	21.785
	0.7541
	-2.5975

	2
	122
	2.0393
	-0.3421

	3
	4.5185
	4.4006
	2.4657

	4
	25.257
	3.2885
	-0.6558

	5
	125.16
	2.3309
	2.7194



	k
	
	
	

	1
	89.841
	0.5245
	-0.2707

	2
	64.942
	0.6058
	2.9391

	3
	2.4779
	4.1726
	-1.4849

	4
	1.097
	7.9882
	-1.7998




	Horizontal cut of the radiation power pattern (dB)
	
 
	k
	
	

	0
	-12.399
	-

	1
	-0.6788
	-0.0034

	2
	-1.025
	-0.0364

	3
	-0.0755
	-0.0404

	4
	0.4216
	0.014

	5
	-0.6139
	-0.0053

	6
	0.2297
	0.0063

	7
	-0.4418
	-0.0038

	8
	0.0055
	-0.0141


 

	3D radiation power pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	 3dBi



Front bumper for above 6GHz
	Parameter
	Values

	Vertical cut of the radiation power pattern (dB)
	
	k
	
	
	

	1
	103.4
	1.2756
	-1.4588

	2
	93.054
	1.4402
	1.6919

	3
	1.2433
	16.391
	-0.2701



	k
	
	
	

	1
	97.485
	1.2777
	-1.5428

	2
	88.914
	1.4458
	1.5626

	3
	1.6315
	6.6824
	-1.4228




	Horizontal cut of the radiation power pattern (dB)
	
 
	k
	
	

	0
	-14.712
	-

	1
	-0.814
	-0.0126

	2
	4.5025
	-0.4615

	3
	0.6572
	-0.0404

	4
	0.3252
	0.5985

	5
	-2.0187
	0.0372

	6
	-1.6555
	0.2589

	7
	-0.843
	0.6858

	8
	-0.2954
	-0.2211


 

	3D radiation power pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	 16.6dBi



Rear bumper for above 6GHz
	Parameter
	Values

	Vertical cut of the radiation power pattern (dB)
	
	k
	
	
	

	1
	87.458
	0.0103
	-2.9955

	2
	4.1908
	2.1185
	1.8618

	3
	1.0935
	127.65
	2.3653

	4
	1.2773
	16.837
	1.1214



	k
	
	
	

	1
	17.631
	0.823
	-1.5005

	2
	12.155
	1.9599
	1.2643

	3
	15.226
	5.6698
	2.2669

	4
	15.495
	5.7995
	-0.9411

	5
	0.3371
	10.294
	-3.8515

	6
	0.5965
	11.41
	0.4383




	Horizontal cut of the radiation power pattern (dB)
	
 
	k
	
	

	0
	-12.742
	-

	1
	-1.2007
	0.2451

	2
	4.1916
	-0.5651

	3
	0.1901
	0.453

	4
	0.4235
	0.6884

	5
	-1.3848
	-0.4145

	6
	-0.2381
	0.2875

	7
	0.4488
	0.5441

	8
	0.1606
	-0.2555


 

	3D radiation power pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	 13.6dBi



Front rooftop for above 6GHz
	Parameter
	Values

	Vertical cut of the radiation power pattern (dB)
	
	k
	
	
	

	1
	53.19
	1.0466
	-0.9824

	2
	171.45
	2.3513
	2.2593

	3
	154.83
	2.4609
	-0.8176

	4
	2.166
	6.2024
	0.5122

	5
	1.2277
	9.599
	0.5604

	6
	1.1363
	14.311
	-0.4448



	k
	
	
	

	1
	34.284
	1.0869
	-1.1043

	2
	36.721
	2.2823
	1.4488

	3
	4.2902
	5.2423
	1.1692

	4
	1.7681
	7.7706
	-3.641

	5
	14.094
	2.7398
	-1.5731

	6
	1.2267
	10.465
	2.0934

	7
	1.0796
	14.285
	2.8759

	8
	0.8846
	31.578
	-1.1871




	Horizontal cut of the radiation power pattern (dB)
	
 
	k
	
	

	0
	-16.085
	-

	1
	-7.903
	0.1101

	2
	-0.2972
	-1.4639

	3
	0.4083
	-0.0866

	4
	0.6706
	1.0598

	5
	-0.9804
	-2.5714

	6
	-0.9085
	0.1326

	7
	0.1433
	-0.1372

	8
	-0.1282
	-0.2697


 

	3D radiation power pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	 11.5dBi



Rear rooftop for above 6GHz
	Parameter
	Values

	Vertical cut of the radiation power pattern (dB)
	
	k
	
	
	

	1
	55.839
	1.0927
	-1.1273

	2
	95.402
	2.0245
	2.1133

	3
	2.9533
	6.0111
	1.5482

	4
	1.5696
	12.462
	3.2683

	5
	1.2073
	10.016
	2.2276

	6
	70.244
	2.1361
	-0.8181

	7
	1.4093
	13.127
	0.6659



	k
	
	
	

	1
	42.818
	0.9167
	-0.9757

	2
	18.065
	1.895
	1.5513

	3
	8.8444
	3.6653
	-0.1862

	4
	9.5301
	7.6263
	0.1674

	5
	15.018
	9.0456
	0.2995

	6
	20.098
	8.565
	-2.8308

	7
	1.5077
	12.14
	-1.3725




	Horizontal cut of the radiation power pattern (dB)
	
 
	k
	
	

	0
	-18.471
	-

	1
	3.6106
	-0.1824

	2
	-1.4888
	1.3614

	3
	0.5772
	0.5331

	4
	1.7125
	1.3205

	5
	-0.0573
	-2.5904

	6
	0.0628
	-1.0024

	7
	-1.0526
	-1.2366

	8
	0.0433
	-0.1443


 

	3D radiation power pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	 12.5dBi



LG (R1-1807612)
For modelling the radiation pattern of collocated antenna, the followings can used for all the type of vehicles.
	
	For 6 GHz
	For 63 GHz

	Antenna element gain vertical pattern
	Half spherically uniform distribution with top direction
	






	Antenna element gain horizontal pattern
	

	


	Pattern combining method for 3D 
	

	


	Max direct. gain of the antenna element
	3 dBi
	5dBi





2.4.3. Antenna array configuration
Intel (R1-1806539)
	
	Vehicle UE

	
	Low band (2-6 GHz)
	High band (30-63 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 256 Tx /Rx antenna elements

	Antenna array configuration
(M, N, P, Mg, Ng)
	Vehicle Type 1 and Type 3:
Front and rear antennas:
(1, 2, 2, 1, 1)

Vehicle Type 2:
Rooftop antenna:
(1, 2, 2, 1, 1)

	Vehicle Type 1:
Two single panel antenna arrays:
(4, 8, 2, 1, 1)
Front antenna array bearing angle: ΩFront = 0°
Rear antenna array bearing angle: ΩRear = 180°

Vehicle Type 2:
Multi-panel:
(2, 8, 2, 1, 4)
Panel bearing angle:
Ω0,1=Ω0,0+90°; Ω0,2=Ω0,0+180°; Ω0,3=Ω0,0+270°;

Vehicle Type 3:
 (2, 8, 2, 1, 2)
Front antenna array panels bearing angle:
Ω0,0 = 45°; Ω0,1=315°
Rear antenna array panels bearing angle: 
Ω0,0 = 135°; Ω0,1= 225°

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

	Antenna tilt, deg
	90
	90




Ericsson (R1-1806152) 
Antenna array configuration for vehicle UE
	
	Vehicle UE

	
	Below 6 GHz
	Above 6 GHz

	TXRU mapping
	A single TXRU is mapped per panel per polarization
	A single TXRU is mapped per panel per polarization

	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)
	Collocated: (1, 4, 2, 1, 1)
	Collocated: (2, 4, 2, 1,2)


	Antenna array spacing (dH,dV,dH,g,dV,g)
	(0.5, 0.5, -, -) λ
	(0.5, 0.5, 0, 0) λ 




Samsung (R1-1806756) 
Antenna array configuration for vehicle UE
	
	Vehicle UE

	
	For 6 GHz
	For 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) 
TR 38.802, Table A.1.6-1
	(2, 4, 2, 1, 2)
Panel bearing angle: Ω0,1=Ω0,0+180°
TR 38.802, Table A.1.6-2

	Antenna array spacing (dH,dV,dH,g,dV,g)
	(dH, dV) = (0.5, 0.5)λ
TR 38.802, Table A.1.6-1
	(dH, dV) = (0.5, 0.5)λ; (dH,g, dV,g) = (0, 0)λ
TR 38.802, Table A.1.6-2

	Antenna tilt, deg
	0
	90



Proposed antenna model below 6 GHz
	Parameters
	Urban grid for eV2X
	Highway for eV2X

	UE antenna height
	Vehicle UE: 1.5m
	Vehicle UE: 1.5m

	UE antenna gain
	Vehicle UE: 3dBi
	Vehicle UE: 3dBi




2.5. Pedestrian UE
2.5.1. Antenna array configuration
The antenna height and antenna panel configuration are open issues.
· 1.5 meter pedestrian UE antenna height
· Supported by Samsung, Ericsson
· A single panel array with (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1)
· Supported by Intel, Samsung

Proposal: Pedestrian antenna height is 1.5 m. A single panel array with (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1) is used.

3. Remaining issues for remaining issues for blockage modeling
Decision is needed between two options for determining whether a link is in NLOSv state:
· Option 1: if a line connecting the antennas of the two vehicles in the same street intersects any vehicle (including either of the two vehicles) in the 3-dimensional space.
· Supported by Intel, LGE, DOCOMO
· Option 2: with a probability
· Supported by Huawei, Ericsson, Samsung, ZTE, CATT, InterDigital, OPPO
Proposal: The following is used to model the state changes: 
· The probability between LOS and NLOSv modeled as below when a link is for two UEs in the same street. 
· Baseline is the state is not updated between LOS and NLOSv.
· Evaluation with state update between LOS and NLOSv is not precluded.
· The following table is the working assumption for both highway and urban. An email discussion is proposed on this table, and the table will be confirmed if no other proposal can be agreed during the email discussion.
Highway and Urban (probability y vs. distance d)

	
	a
	B
	c

	LOS (d<=475m)
	
	-0.002
	1.0193

	LOS (d>475m)
	

	NLOSv
	



Decision is needed on the additional loss to be added to the LOS pathloss equation when the link is in NLOSv state. Two contributions proposed how to generate this loss value.
Huawei (R1-1805914) 
For V2V side link, use the random variables in the following table for NLOSv blockage loss
	scenarios 
	Option 3-6-2a 
	
	
	

	
	A
The main blocker height is definitely lower than both the TX and Rx height.

	B
The main blocker height is between or similar to the Tx and Rx height.
	C
The main blocker height is definitely higher than the TX and RX height.
	Additional loss due to second blocker of the same height as the main blocker
	Additional loss due to second blocker of lower height as the main blocker
	Additional loss due to third or any further  blocker of any size

	distribution
	
	Normal distribution N(Mu, Sigma)

	Urban grid 
	NLOSv 
	0 
	Mu = 5.86 dB
Sigma = 3.08 dB 
	Mu  = 10.24 dB
Sigma = 4.29 dB
	Mu  = 6 dB
Sigma = 0 dB
	Mu  = 1 dB
Sigma = 0 dB
	Mu  = 1 dB
Sigma = 0 dB

	highway 
	NLOSv 
	0 
	Mu = 4.77 dB   
sigma = 4.26 dB 
	Mu = 15.39 dB   
sigma = 5.02dB 
	Mu  = 6 dB
Sigma = 0 dB
	Mu  = 1 dB
Sigma = 0 dB
	Mu  = 1 dB
Sigma = 0 dB


LG (R1-1806640)
In case of NLOSv, the following statistics can be used for deriving the random variable that is added to the pathloss equation, and different statistics are selected depending on whether the blocker height is larger than, equal to, or less than the maximum antenna height value of TX and RX.
· Case 1: Maximum antenna height value of TX and RX = Blocker height
· Carrier frequency of 5.9 GHz
· Mean [dB]: 4.1736
· Standard deviation [dB]: 0.8076
· Carrier frequency of 60 GHz
· Mean [dB]: 5.2439
· Standard deviation [dB]: 0.5957
· Case 2: Maximum antenna height value of TX and RX < Blocker height
· Carrier frequency of 5.9 GHz
· Mean [dB]: 10.6265
· Standard deviation [dB]: 3.5784
· Carrier frequency of 60 GHz
· Mean [dB]: 19.4635
· Standard deviation [dB]: 4.7466
· Case 3: Maximum antenna height value of TX and RX > Blocker height
· No blockage between TX and RX

Proposal: The following statistics of the additional loss value are used when a link is in NLOSv:
· The blocker height is the vehicle height which is randomly selected out of the three vehicle types according to the portion of the vehicle types in the simulated scenario.
· The additional blockage loss is max {0 dB, a log-normal random variable}.
· Case 1: Minimum antenna height value of TX and RX > Blocker height
· No additional blockage loss
· Case 2: Maximum antenna height value of TX and RX < Blocker height
· Mean: 12.5 dB
· STD: 4.5 dB
· Case 3: Otherwise
· Mean: 5 dB
· STD: 4 dB

4. Remaining issues for remaining issues for pathloss model
4.1. V2B/P2B/B2R
An FFS point is the LOS pathloss equation of V2B/P2B/B2R links in highway scenario above 6 GHz. It was observed in RAN1#92bis that TR 38.901 does not define fast fading for gNB-UE link using RMa channel at 30 GHz.
· Use RMa of TR 38.901
· Supported by Intel, Ericsson, Samsung, AT&T
· Use UMa of TR 38.901
· Supported by LGE, InterDigital
Proposal: Use UMa of TR 38.901 for above 6 GHz in highway scenario.

R1-1806539 mentioned that the effective environment height hE is currently set to 1 meter which is higher than the antenna height of the vehicle type 1 (0.75 meters).
Proposal: Set the effective environment height hE to 0.25m.

4.2. V2V/P2V/P2P
The NLOS pahtloss equation for V2V needs to be decided as mentioned in the existing agreement:
	NLOS
	FFS including
Option 1:
[image: ] where 
[image: ] and
[image: ]
Option 2: NLOS pathloss equation in R1-1803671
Other options are not precluded.


· Option 1
· Supported by Intel (a variant of option 1), LGE, Ericsson, Huawei (if modified the gap between minimum and maximum path loss is reduced to below 10 dB for d1+d2 distance up to 1000 m)
· Option 2 (PL= 36.85 + 30log10(d) + 18.9log10(fc) (fc is in GHz and d is in meters) from R1-1807672)
· Supported by Huawei, InterDigital, General Motors, Sony
Proposal: Pathloss equation for V2V link in NLOS is PL= 36.85 + 30log10(d) + 18.9log10(fc) (fc is in GHz and d is in meters) where d is the Euclidean distance between TX and RX.

Proposal: Pathloss equation of V2V is reused for that of V2P, P2P, V2R, R2R.

5. Summary of remaining issues for shadowing model 
Shadowing model is an open issue:
· Use Rel-14 shadowing model for sidelink
· Supported by Samsung, LGE
· Use the shadowing model corresponding to the pathloss model for Uu
· Supported by InterDigital

Proposal: For V2V, V2P, P2P, V2R, R2R links, the shadowing model in TR 36.885 is used. The LOS shadowing model in TR 36.885 applies to NLOSv. For B2V, B2P, B2R links, the shadowing model and fast fading parameters associated with the used pathloss model in TR 38.901 is used.

6. Summary of remaining issues for fast fading model
The agreement is “For sidelink in Urban and freeway, the fast fading parameters of “UMi-Street Canyon in TR 38.901” is the starting point and to be modified considering sidelink characteristics.” The following contribution proposed modification to the fast fading parameters.
Huawei and Intel proposed detailed parameters.
Proposal: Email discussion is proposed for the following table as the fast fading parameters of sidelink:
	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
	-0.4 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.



7. Summary of remaining issues for Doppler model
The agreement is “Rel-14 dual mobility is modified such that a random Doppler shift is added to each reflected path.” The following contribution proposes details of the additional random Doppler shift.
Huawei (R1-1805914) made proposals on the details.
Proposal: Use the Doppler model for dual mobility with moving scatterers for V2X sidelink channel according to equations (1) -(4).
· Doppler for the LOS path:

[bookmark: _Ref513115321]   (1)

   (2)

   (3)
· Doppler for the delayed paths:
[bookmark: _Ref513115289](4)
[bookmark: _GoBack]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.

8. Channel model for the evaluation related to the cellular UE
For evaluations of UE-network relaying or coexistence of sidelink and Uu, channel model for the links involving cellular UEs need to be decided.
Proposal: Discuss the following proposal:
· Reuse V2P channel model as baseline for the channel model between vehicle UE acting as relay and cellular UE.
· [3] meter is assumed for the link between antenna of a cellular UE inside a vehicle and the antenna of the same vehicle UE.
· Cellular UE uses the antenna model of pedestrian UE.

Reference
[1] R1-1805914, “V2X sidelink channel model”, Huawei, HiSilicon,
[2] R1-1806028, “Further discussion on eV2X Channel Modeling”, ZTE Wistron Telecom AB, Sanechips
[3] R1-1806103, “Remaining issues on eV2X channel modeling”, ZTE
[4] R1-1806152, “Remaining issues on channel models and antenna models for V2X”, Ericsson
[5] R1-1806204, “Vehicle UE Antenna Radiation Patterns”, OnStar Europe
[6] R1-1806312, “Remaining details on channel models of new V2X use cases”, CATT
[7] R1-1806539, “Channel models for eV2X evaluation methodology”, Intel Corporation
[8] R1-1806640, “Discussion on channel model for new V2X use cases”, LG Electronics
[9] R1-1806756, “Channel model for NR V2X”, Samsung
[10] R1-1806832, “On vehicle blocking in channel modelling”, OPPO
[11] R1-1806985, “Channel model for V2X”, AT&T
[12] R1-1807032, “On the Remaining Details of V2X Channel Model”, InterDigital, Inc.
[13] R1-1807079, “Channel model for V2X phase 3”, NTT DOCOMO, INC.
[14] R1-1807612, “Discussion on antenna radiation pattern for vehicle UE”, LG Electronics
[15] R1-1807613, “Vehicle UE Antenna Radiation Patterns”, OnStar Europe
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