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6.1.2
UE drop and mobility modeling
Three vehicle types are defined as follows:
-
Type 1 (passenger vehicle with lower antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 0.75 meters

-
Type 2 (passenger vehicle with higher antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 1.6 meters

-
Type 3 (truck/bus): length 13 meters, width 2.6 meters, height 3 meters, antenna height 3 meters

Vehicles are dropped according to the following process:
-
The distance between the rear bumper of a vehicle and the front bumper of the following vehicle in the same lane is max {2 meter, an exponential random variable with the average of the speed * 2 sec}.

-
All the vehicles in the same lane have the same speed.

-
Vehicle type distribution is not dependent of the lane.

Clustered vehicle UE dropping is defined as follows:
-
A cluster consists of a number vehicle UEs located in the same lane and having the same direction/speed. Two closest UEs belonging to the same cluster are separated with a fixed distance and no other UEs can be located between them.

-
The distance between a platoon and a vehicle not belonging to the platoon follows the statistics of the distance between two vehicles not belonging to any platoon.

-
Only Type 3 vehicles form a cluster.

-
Clustered UE dropping is used only in the highway scenario.

The following UE dropping options are supported for the highway scenario:
-
Option A
-
Vehicle type distribution: 100% vehicle type 2.
-
Clustered dropping is not used.
-
Vehicle speed is 140 km/h in all the lanes as baseline and 70 km/h in all the lanes optionally.
-
Option B
-
Vehicle type distribution: 20% vehicle type 1, 60% vehicle type 2, 20% vehicle type 3.
-
Clustered dropping is not used.
-
Vehicle speed in each lane is as follows:
-
Speed in Lane 1: 80km/h

-
Speed in Lane 2: 100km/h 

-
Speed in Lane 3: 140km/h 

-
Speed in Lane 4: 40km/h 

-
Speed in Lane 5: 30km/h 

-
Speed in Lane 6: 20km/h

-
Option C
-
Vehicle type distribution: 0% vehicle type 1, 67% vehicle type 2, 33% vehicle type 3.
-
Clustered dropping is used. Each cluster consists of 6 Type 3 vehicles with a gap of 2 meters.
-
Vehicle speed is 140 km/h in all the lanes.
The following UE dropping options are supported for the urban grid scenario:
-
Option A
-
Vehicle type distribution: 100% vehicle type 2.
-
Clustered dropping is not used.
-
Vehicle speed is 60 km/h in all the lanes.
-
In the intersection, a UE goes straight, turns left, turns right with the probability of 0.5, 0.25, 0.25, respectively.

-
Option B
-
Vehicle type distribution: 20% vehicle type 1, 60% vehicle type 2, 20% vehicles type 3.
-
Clustered dropping is not used.
-
Vehicle speed in each lane is as follows:
-
In the East-West direction:

-
Speed in Lane 1: 60km/h

-
Speed in Lane 2: 50km/h 

-
Speed in Lane 3: 25km/h 

-
Speed in Lane 4: 15km/h

-
In the North-South direction:

-
0 km/h in all the lanes.

-
No vehicles are dropped at the intersections in the North-South direction. Vehicles do not change their direction at the intersection.
Pedestrian UEs are dropped following the procedure in [13].
Cellular UEs are dropped according to the following process:
-
Cellular UEs are dropped inside vehicles as follows:
-
In each vehicle of type 1 or type 2, the number of cellular UEs inside the vehicle is uniformly random in the range between 1 and 4.
-
In each vehicle of type 3, the number of cellular UEs inside the vehicle is uniformly random in the range between 10 and 20.
-
The portion of the active cellular UEs is 20, 50, 80%.

-
Note that the traffic for the cellular UE is to use licensed spectrum.
==============================<Unchanged parts are omitted>=================================

6.1.4 Antenna model
==============================<Unchanged parts are omitted>=================================

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

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


==============================<Unchanged parts are omitted>=================================

6.2. Channel model
The V2V sidelink channel is modeled according to the following three states: 

-
LOS:
-
A V2V link is in LOS state if the two vehicles are in the same street and the LOS path is not blocked by vehicles.
-
NLOS: LOS path blocked by buildings

-
A V2V link is in NLOS state if the two vehicles are in different streets.
-
NLOSv: LOS path blocked by vehicles

-
A V2V link is in NLOSv state if the two vehicles are in the same street and the LOS path is blocked by vehicles.
A link between two vehicles in the same street is either in LOS state or NLOSv state. The probability of LOS and NLOSv is given by Table 6.2-1. Baseline is the state is not updated between LOS and NLOSv, and evaluation with state update between LOS and NLOSv is not precluded.

Table 6.2-1: Probability of LOS and NLOSv states (d denotes the distance between transmit and receive UEs).
	Highway

	LOS
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	Urban

	LOS
	[image: image14.png]P(LOS) = min{1,1.05= exp(—0.0114 = d)}
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Vehicle UE location is updated every 100 ms. State transition between LOS/NLOSv and NLOS is checked for each link at each location update during the SLS runtime. At each state, each link uses pathloss, shadowing, and fast fading parameters corresponding to the state as described in the subsequent subsections.

For the channel model between vehicle UE acting as relay and cellular UE, baseline is to use V2P channel model. 3 meters are assumed for the link between antenna of a cellular UE inside a vehicle and the antenna of the same vehicle UE.

==============================<Unchanged parts are omitted>=================================

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
	-0.4 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 
[image: image16.wmf]N


	12
	19
	19
	12
	19

	Number of rays per cluster 
[image: image17.wmf]M


	20
	20
	20
	20
	20

	Cluster DS (
[image: image18.wmf]DS

c

) in [ns]
	5
	11
	11
	5
	11

	Cluster ASD (
[image: image19.wmf]ASD

c

) in [deg]
	17
	22
	22
	17
	22

	Cluster ASA (
[image: image20.wmf]ASA

c

) in [deg]
	17
	22
	22
	17
	22

	Cluster ZSA (
[image: image21.wmf]ZSA

c

) in [deg]
	7
	7
	7
	7
	7

	Cluster ZSD (
[image: image22.wmf]ZSD

c

) 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.


Channel generation procedure of NLOSv state follows the procedure defined for LOS state in [15]. 
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:
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-
Doppler for the delayed paths:


[image: image27.png]



where [image: image29.png]


 is a random variable with uniform distribution from [image: image31.png]


 to [image: image33.png]


,  [image: image35.png]


 is the maximum speed of the vehicle in the layout, and [image: image37.png]


 ([image: image39.png]


) is a random variable with uniform distribution. Evaluation using other distribution for [image: image41.png]


 is not precluded.
==============================<Unchanged parts are omitted>=================================

6.3. Link level simulation assumptions
The assumption for system level simulation is used for link level simulation if available.
The parameters related to solutions need to be clarified by each company. At least the following parameters are the list needs to be clarified.

-
Carrier frequency

-
Channel model (e.g. fast fading model)

-
PHY packet size

-
Channel codes (for control and data channels)

-
Modulation and code rates (for control and data channels)

-
Signal waveform (for control and data channels)

-
Subcarrier Spacing 

-
CP length

-
Frequency synchronization error

-
Time synchronization error

-
Channel estimation (e.g. DMRS pattern and symbol location)

-
Number of retransmission and combining (if applied)

-
Number of antennas (at UE and BS)

-
Transmission diversity scheme (if applied)

-
UE receiver algorithm

-
AGC settling time and guard period
-
EVM (at TX and RX)
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