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1 Introduction
During the RAN plenary meeting in West Palm Beach, the Study Item on evaluation methodology of new V2X use cases for LTE and NR was agreed [1]. 

One of the objectives of the SI is to investigate “Sidelink channel model for spectrum above 6 GHz.” This means the direct vehicle-to-vehicle link. To clarify this objective, among others, an email discussion was done during June – August 2017 within the RAN1 email reflector [2]. The key findings from the email discussion are shown below.

· Focus on >6 GHz. However, the new channel model can also be used as an additional option for below 6 GHz.

· Reuse TR38.901 as a common framework.

· Sidelink is not covered by TR38.901

· Highway scenario is not covered by TR38.901.

· Urban sidelink scenario is different from UMa or UMi of TR38.901.

· Other scenarios such as sparsely parked cars in suburban should be modeled as well.

· Signal blockage by intermediate vehicles needs to be modeled. Either explicit blockage or a simplified model.

· Oxygen absorption can be modeled based on TR38.901.

· Impact of self-blockage can be captured in antenna pattern.

· Urban path loss could be based on UMi of TR38.901.

· Companies are encouraged to provide measurement results for vehicle blockage. 

· UMi might be reused with some modification.

· Spatial consistency, large bandwidth and large antenna array, correlation modelling for multi-frequency simulations can be considered.

· Further study is needed on whether modifications for fast fading model are needed.

· For cellular link, existing model may be reused, but for V2V, a new model is needed.

· It is good to strive for single channel model for all the frequencies
· Blockage due to truck, barrier etc.

· Modified LOS probability

· Penetration loss through car/truck.

· Antenna location in a car may be very different from the antenna locations of conventional UEs. The impact of antennal location on delays and angles should be studied. The correlation of possible multiple antenna panels needs to be studied as well.

· Dual mobility.

· Multiple Doppler effect due to moving Tx, moving Rx, and moving scatterers.

· Large bandwidth aspect is important for vehicle positioning.

· Angle spreads should be equal for Tx and Rx.

This contribution covers the following topics:

· It summarized V2V sidelink measurements performed in three sites and in four frequency bands (presented in more detail in [6])
· V2V blockage modeling, including modeling the existence of LOS
· Path loss and shadow fading model
· Fast fading parameters 

This contribution is aligned with the way forward prepared for the Athens meeting  [7], which proposed three states for the V2X sidelink channel model: i) LOS; ii) NLOS: LOS path blocked by static objects (e.g., building, tree) ; and iii) NLOSv: LOS path blocked by mobile objects (i.e., vehicle). 

2 Measurement Setup and Scenario 
The detail of measurement campaign and scenarios instructions can be found in [6]. For reading convenience, the summary of the measurement is shown in the follow:

Table 1. Summary of Measurements in NR V2X

	scenario
	case
	antenna height
	frequency

	Urban grid
	LOS
	rooftop
	6GHz,30GHz,60GHz,73GHz

	
	NLOSb
	rooftop
	6GHz,30GHz,60GHz,73GHz

	
	NLOSv
	passenger car size blocker
	rooftop
	6GHz,30GHz,60GHz,73GHz

	
	
	truck size blocker
	rooftop
	6GHz,30GHz,60GHz,73GHz

	highway
	LOS
	rooftop
	73GHz

	
	NLOSb
	
	

	
	NLOSv
	passenger car size blocker
	
	

	
	
	truck size blocker
	
	


3 Blockage model analysis based on measurement
3.1 LOS probabilities for three states (LOS, NLOS, NLOSv) 
In addition to the different propagation characteristics of the LOS states, another important aspect is the probability of occurrence of each state. The contribution described in [9] analyzed in detail LOS probabilities, distinguishing LOS, NLOS, and NLOSv states. Real roads and realistic vehicular mobility in cities and on highway was used for evaluation.
Figure 1  REF _Ref503195275 \h 


 REF _Ref503195275 \h 


 REF _Ref503195275 \h 


 REF _Ref503195275 \h 


 REF _Ref503195275 \h 
shows the LOS probability curves for urban scenario. NLOSv probability reaches 45% when Tx and Rx are between 30 and 70 meters apart and is higher than NLOSb probability up to 100m. In highway scenario (Figure 2 REF _Ref503195278 \h 
), NLOSv probability reaches 15%, 30%, and 40% at 100m, 200m, and 300m Tx-Rx distance, respectively.  
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Figure 1. LOS probabilities in urban environment.

Observation 1: The vehicle blockage is the main cause of NLOS at short distances in urban environment.
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Figure 2. LOS probabilities on highway.

TC "3 LOS probabilities on A6 highway." \f f
Observation 2: The vehicle blockage is the main cause of NLOS in highway environment.
Table 2 shows the equations for highway and urban environment that were used to generate curves in  REF _Ref503195275 \h 
 and  REF _Ref503195278 \h 
.
Table 2. LOS probability equations for highway (straight highway only, no on/off-ramp) and urban environment
[image: image3.emf]
Proposal 1: Use equations in Table 2 to model the LOS probabilities for sidelink channels in highway and urban environment.

In addition to LOS probability, modeling the transitions between the states if particularly important for V2V sidelink, since the applications that will be supported by sidelink are most often related to safety, either directly (e.g., emergency braking, intersection collision avoidance application, etc.) or indirectly (e.g., platooning, lane-change maneuvers, etc.) and the communication can last in the order of tens of seconds (lane-changing) and even minutes (platooning). Therefore, a realistic and efficient state transition model is needed. In [9], Markov chains are used to efficiently model the time-dependent evolution of LOS blockage and transitions between LOS, NLOS, and NLOSv states for V2V channels. To calculate LOS and transition probability statistics, geometry-based deterministic simulations of LOS blockage are used and parameters from real cities and highways for LOS blockage and transition probabilities are extracted. Detailed explanation of the modeling approach and validation, including the state transition probability curves, can be found in [9].

Proposal 2: Model the transition probabilities between LOS, NLOS, and NLOSv using the equations listed in Table 3 in [9].
Since LOS, NLOS, and NLOSv states were shown to have distinct path loss, shadowing, large-scale, and small-scale parameters [10], when transitioning between states, it is necessary to avoid hard transitions in the adjacent channel realizations resulting from different path loss and fast fading parameters. To circumvent such hard transitions between all three states, the optional “soft LOS” state from [11] can be considered to determine the PL and the channel impulse responses containing characteristics of the preceding and following state. 
Proposal 3: Use the “soft LOS” state from [11] to model the channel impulse response during transitions between LOS, NLOS, and NLOSv states.
3.2 Blockage model 

Based on the measurement campaign in [6], we analyzed the Blockage characteristic for V2V sidelink as a function of Tx/Rx/Blocker distance, the number of blockers, and blocker size. Below we detail our analysis and propose a simple yet comprehensive model for additional blockage loss due to vehicles.   

3.2.1 Blockage effect as a function of Tx/Rx/Blocker distance

Figure 3  REF _Ref509823799 \h 
depicts the geometry of Tx/Rx/Blocker distance. In the measurement campaign, we fix the Tx and the blocker makes the d_Tx+blocker length as 20m, and move the Rx with the distance d_Rx. The  REF _Ref509509603 \h 
Figure 4 shows the blockage loss with the d_Rx. it is observe that when the d_Rx is under 6m, the blockage loss is larger than average level. However, due to the car length, in the realistic application, the d_Tx and d_Rx is often larger than 6m. Thus, the d_Tx and d_Rx is not a critical factor affect the blockage loss model in realistic implement.
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Figure 3. Measurement method for blockage.
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Figure 4. Additional loss for different d_Rx.
Observation2: The d_Tx and d_Rx is not a critical factor affect the blockage loss model in realistic implement.

3.2.2 Blockage effect as a function of the blocker number

Based on the measurement campaign in [6] and summarized in Table 3 REF _Ref509509981 \h 
 below, we performed measurements with truck and passenger car blockers. We evaluate single-blocker and two-blocker scenarios.  The results show that, in the presence of truck blocker, additional car blocker creates additional loss of 0.51~2.14 dB. In other words, the large blocker dominates the attenuation and the additional attenuation by smaller blocker is low. 
Table 3. measurement results for multi-blockers.
	
	First blocker
	Mean blockage loss by one blocker (dB)
	Second blocker
	Mean blockage loss by two blockers (dB)

	Chengdu (73 GHz)
	Large vehicle
	10.49 
	Passenger car 
	11

	Munich (30 GHz)
	Large vehicle
	8.69 
	Passenger car
	10.83


Oobservation: irst blocker or the second blockert the truck blocker dominate the attunation whatever t only 0.51~2.2dB blockage lbservation 3: The size of blocker has a more significant effect on blockage loss than the number of blockers. 

3.2.3 Blockage effect as a function of blocker size
For the blockage measurement, we investigate the effect of the blockage loss by the different blocker size as shown in Figure 5 REF _Ref509508705 \h 
. We divide the blocker size into to two groups. One is the passenger car size blocker (blue dot) group, and another is the large vehicle blocker (red dot) group. The large blocker results in considerably higher attenuation than the passenger size car blocker, irrespective of the distance between the Tx and Rx.
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Figure 5. Blockage loss effect by blocker car size.

Observation 4: the vehicle blocker size has a critical effect on the vehicle blockage loss
3.2.4 Blockage effect as a function of the Tx-Rx distance

Figure 6

 REF _Ref509568144 \h 
 shows the additional blockage loss with different Tx-Rx distances and fixed blocking vehicle position to the Tx distance (9.4 m). The additional blockage loss is calculated by comparing the Rx power at each position between the cases with and without the blocking vehicle. As seen, some fluctuation of the additional blockage loss can be seen as the Tx-Rx distance varies. While the difference between maximum and minimum values ranges between 3-7.8 dB, a clear relationship with the Tx-Rx distance is not evident. Therefore, we conclude that the Tx-Rx distance is not a significant factor for blockage loss modelling.
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Figure 5. Additional blockage loss with different Tx-Rx distances.

Observation 5: The Tx-Rx distance is not a significant factor for blockage loss modeling.
3.2.5 Classification of blockage loss bases on geometry between the Tx, Rx and the blocker
Considering the geometry between the Tx, Rx and the blocker, we classify the blocker size into three cases shown below. For each case, the values of the blockage loss are shown in Table 4.

A:  The blocker is lower than the Tx-Rx line.
In this case the blockage loss is negligible. One example for this case is when the blocker height is lower than both Tx and Rx height (Figure 7). 
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Figure 7. Geometry for case A.
Case A applies in any case where the blocker is lower than the Tx and Rx line, for example when the Tx and Rx have different height, with blocker of height that is between Tx and Rx height and with the blocker located closer to whichever of Tx and Rx is taller (shown in Figure below).Error! Reference source not found.
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Figure 8. Alternative geometry for case A.
B: The blocker height is similar to the height of both Tx and Rx. 
One example of this case is when all three vehicles are passenger cars. Alternatively, all three vehicles could be large vehicles (e.g., trucks), meaning the blockage loss can be characterized relative to the height difference between Tx, Rx, and blocker, and is not necessarily a function of their absolute height. 
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Figure 9. Geometry for case B.
C: The blocker height is higher than the TX-RX line.
One example for this case is when the Tx and Rx are passenger cars and the blocker is a large vehicle (van, truck), as shown in figure below. 

[image: image11.png]Tx





Figure 10. Geometry for case C.
As shown in Figure 11, Case C also arises when the blocker of height similar to the taller of the Tx and Rx, and the blocker is located next to the lower of the Tx and Rx. 
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Figure 11. Alternative geometry for case C.
Based on the analysis above and in line with the email discussion, the additional blockage loss for the three Cases described above can be modeled using the measurement results from [6] detailed in  REF _Ref509499441 \h 
 below.
Table 4 the additional loss of blockage model for V2V side link
	scenarios 
	Option 3-6-2a 
	

	
	A

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


	B

the blocker height is similar to the TX and Rx height,

when the Tx and Rx height are different, the blockage loss will between case A and C
	C

the blocker height is definitely higher than both the TX and RX height
	

	
	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
	

	highway 
	NLOSv 
	0 
	Mu = 4.77 dB   

sigma = 4.26 dB 
	Mu = 15.39 dB   
sigma = 5.02dB 
	


Table 5. the additional loss of blockage model for V2V side link for option 3-6-2c. 

	scenarios 
	Option 3-6-2c 

	
	all blocker size 

	Urban grid 
	NLOSv 
	Mu = 8.97 dB

Sigma = 4.45 dB

	highway 
	NLOSv 
	Mu = 10.08 dB

Sigma = 7.06 dB


Proposal 4: For V2V side link, model the blockage loss according to Table 4 REF _Ref509499441 \h 
 \* MERGEFORMAT .
3.3 Comparison of blockage loss from V2V measurements in [6] with Blockage Model B in [11]
We analyzed the blockage loss experienced in measurement described in [6] and compared in with the results obtained using Blockage Model B in [11]. In case of Blockage Model B, we use the blocking vehicle body dimensions to determine the blocking screen dimensions. Furthermore, to remove the effect of any scatterers present during measurement other than the blocking vehicle, we filter out all multipath components not emanating from the blocking vehicle or around it (e.g., on the sides or under the vehicle).
For the case of small vehicle blocker and large vehicle blocker Figure 12 and Figure 13 show that the Blockage Model B underestimates the loss in low frequency (6.75 GHz) and overestimates the loss in high frequencies (30 and 60 GHz). There are several reasons for the discrepancy, and the most relevant are: i) blocking vehicles are not completely metallic surfaces, but a mix of different materials (e.g., metal, glass, etc).; ii) blocking vehicles are not top-to-bottom planes blocking the signal: signal can propagate under the vehicle and through the glass area of the passenger compartment of the vehicle. These aspects cannot be covered by Blockage Model B. Based on the comparison of our measurements described in [6] and the blockage model B shown in Figure 12 and Figure 13, we conclude that blockage model B is not suitable for modeling vehicle blockage. Finally, since it is difficult to efficiently model the complex make-up of vehicles due to their varying shapes, sizes, and material properties, we propose to us a simpler model, based on measurement results described in this contribution and in [6].
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Figure 12 Comparison between measurements in [6] (Ilmenau, passenger car blocker scenario – C1) and blockage model B in [11]. Figure left: horizontal polarization on both Tx and Rx. Figure right: vertical polarization on both Tx and Rx.
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Figure 13. Comparison between measurements in [6] (Ilmenau, large vehicle blocker scenario – C2) and blockage model B in [11]. Figure left: horizontal polarization on both Tx and Rx. Figure right: vertical polarization on both Tx and Rx.
4 Path loss and shadowing results and model
Based on the measurement data in [6], the LOS case results as an example are investigated as below (Figure 14). A linear increase path loss with TR distance can be observed in the side link at millimeter wave band. The variability of the samples reflects to the shadowing, and the corresponding parameters are shown in Table 6.
[image: image17.emf]F

r

e

q

u

e

n

c

e

[

l

o

g

(

G

H

z

)

]

0

1

2

2

[Huawei]NR V2X pathloss model

1.5

Distance[log(m)]

1

0.5

0

40

60

80

100

120

P

a

t

h

l

o

s

s

[

d

B

]

6G

30G

60G

73G

ABG

FreeSpace


Figure 14. Path loss measurement results for LOS at urban environment
4.1 Path loss and shadowing modeling

4.1.1 Modeling methodology

The Alpha-Beta-Gamma (ABG) PL model is described in the following text and are then applied to various scenarios. Note that the ABG path loss model is currently used in the 3GPP 3D model [4][5]. Thus, in this contribution, the ABG model is used for the side link channel modeling.

Formula 1 shows the fitting of the ABG path loss model for different environments. It may be noted that the models presented here are multi-frequency models, the parameters in the model can be applied for the above-6GHz band.
The ABG PL model is given as:
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where  captures how the PL increase as the transmit-receive in distance (in meters) increases,  is the floating offset value in dB,   captures the PL variation over the frequency f  in GHz, and 
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 is the SF term in dB.
4.1.2 Path loss parameter model

Table 6 presents the ABG model parameters at different scenarios for NR V2X side link at LOS and NLOSb status. 
Table 6 ABG model parameters for different scenarios at LOS and NLOSb
	scenarios
	ABG Model Parameters

	Urban grid
	LOS
	=1.67, =38.77, =1.82, SF = 2.04 dB

	
	NLOSb
	=2.38, =36.85, =1.89, SF = 3.05 dB

	highway
	LOS
	=1.58, =37.9, =2, SF = 3.13 dB

	
	NLOSb
	=2.73, =25.98, =2, SF = 3.47 dB


Proposal 5: For V2V side link, model the path loss and shadowing parameters according to Table 6 .
.2 d at millimeter wave.d in [3del for side link based on table xxx.blocker has no effect for the 





























5 Fast fading parameters 
For each of the three states (LOS, NLOS, NLOSv), Table 7 contains the parameters values extracted from the measurements explained in [6]. Although [6] contains measurements with antenna locations both at the vehicle roof and at bumper level, parameters in Table 7 are extracted from the vehicle roof measurements only. While the NLOSb state in urban environment is due to building blockage, in highway environment it is due to blocking by foliage. In Table 7, in the case of values in square brackets, parameters are taken from UMi model in [11] (Table 7.5-6). Other values (i.e., those not in square brackets) are calculated based on measurements explained in [6]. In case when new measurement results do not contain a certain parameter for NLOSv, we reuse the value for NLOS state from UMi model in [11] (Table 7.5-6) for both urban and highway scenario.
Table 7. Fast fading parameters for V2V sidelink.
	Scenarios
	Urban
	Highway

	
	LOS
	NLOS
	NLOSv
	LOS
	NLOS
	NLOSv

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	[-0.2 log10(1+ fc) – 7.4]
	-0.12 log10(1+ fc) – 6.3
	[-0.3 log10(1+ fc) – 7]
	-8.16
	-7.66
	-8.04

	
	lgDS
	[-0.04 log10(1+ fc) – 8]
	0.1 log10(1+ fc) – 9
	[-0.2 log10(1+ fc) – 8]
	-8.53
	-7.62
	-8.08

	AOD spread (ASD)

lgASD=log10(ASD/1()
	lgASD
	[-0.1 log10(1+ fc) + 1.5]
	-0.1 log10(1+ fc) + 2.2
	[-0.1 log10(1+ fc) + 1.7]
	1.39
	1.32
	1.29

	
	lgASD
	[-0.03 log10(1+ fc) + 0.9]
	-0.3 log10(1+ fc) + 4.3
	[-0.3 log10(1+ fc) + 1.4]
	0.59
	0.77
	0.82

	AOA spread (ASA)

lgASA=log10(ASA/1()
	lgASA
	[-0.1 log10(1+ fc) + 1.6]
	-0.1 log10(1+ fc) + 2.2
	[-0.1 log10(1+ fc) + 1.8]
	1.39
	1.32
	1.29

	
	lgASA
	[-0.2 log10(1+ fc) + 1.1]
	-0.3 log10(1+ fc) + 4.3
	[-0.1 log10(1+ fc) + 1.1]
	0.59
	0.77
	0.82

	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]
	[-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]
	[-0.07 log10(1+ fc) + 0.41]

	Shadow fading (SF) [dB]
	SF
	See Table 2 in ref. [3]
	See Table 2 in ref. [3]
	See Table 3 in ref. [3]
	See Table 2 in  ref. [3]
	See Table 2 in ref. [3]
	See Table 3 in ref. [3]

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

	
	K
	1.71
	N/A
	N/A
	[3.5]
	N/A
	N/A

	Cross-Correlations 
	ASD vs DS
	0.6
	0.8
	0.8
	0.8
	0.3
	0.3

	
	ASA vs DS
	0.6 
	0.8
	0.8
	0.8
	0.3
	0.3

	
	ASA vs SF
	-0.3 
	-0.3 
	-0.4
	[-0.4]
	[-0.4]
	[-0.4]

	
	ASD vs SF
	-0.3
	-0.3
	-0.4
	[-0.5]
	[0]
	[0]

	
	DS vs SF
	-0.5
	-0.5
	-0.5
	[-0.4]
	[-0.7]
	[-0.7]

	
	ASD vs ASA
	0.4
	0.1
	0.1
	0.8
	0.3
	0.3

	
	ASD vs 
	-0.3
	[N/A]
	[N/A]
	[-0.2]
	[N/A]
	[N/A]

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

	
	DS vs 
	-0.2
	[N/A]
	[N/A]
	[-0.7]
	[N/A]
	[N/A]

	
	SF vs 
	0.1
	[N/A]
	[N/A]
	[0.5]
	[N/A]
	[N/A]

	Cross-Correlations 1)
	ZSD vs SF
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]

	
	ZSA vs SF
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]

	
	ZSD vs K
	[0]
	[N/A]
	[N/A]
	[0]
	[N/A]
	[N/A]

	
	ZSA vs K
	[0]
	[N/A]
	[N/A]
	[0]
	[N/A]
	[N/A]

	
	ZSD vs DS
	[0]
	[-0.5] 
	[-0.5] 
	[0]
	[-0.5] 
	[-0.5] 

	
	ZSA vs DS
	[0.2]
	[0] 
	[0] 
	[0.2]
	[0] 
	[0] 

	
	ZSD vs ASD
	[0.5] 
	[0.5] 
	[0.5] 
	[0.5] 
	[0.5] 
	[0.5] 

	
	ZSA vs ASD
	[0.3]
	[0.5] 
	[0.5] 
	[0.3]
	[0.5] 
	[0.5] 

	
	ZSD vs ASA
	[0] 
	[0] 
	[0] 
	[0] 
	[0] 
	[0] 

	
	ZSA vs ASA
	[0] 
	[0.2] 
	[0.2] 
	[0] 
	[0.2] 
	[0.2] 

	
	ZSD vs ZSA
	[0] 
	[0] 
	[0] 
	[0] 
	[0] 
	[0] 

	Delay scaling parameter r(
	[3]
	[2.1]
	[2.1]
	[3]
	[2.1]
	[2.1]

	XPR [dB]
	XPR
	[9]
	[8.0]
	[8.0]
	[9]
	[8.0]
	[8.0]

	
	XPR
	[3]
	[3]
	[3]
	[3]
	[3]
	[3]

	Number of clusters 
[image: image20.wmf]N


	[12]
	[19]
	[19]
	[12]
	[19]
	[19]

	Number of rays per cluster 
[image: image21.wmf]M


	[20]
	[20]
	[20]
	[20]
	[20]
	[20]

	Cluster DS (
[image: image22.wmf]DS

c

) in [ns]
	[N/A]
	[N/A]
	[N/A]
	[N/A]
	[N/A]
	[N/A]

	Cluster ASD (
[image: image23.wmf]ASD

c

) in [deg]
	[3]
	[10]
	[10]
	[3]
	[10]
	[10]

	Cluster ASA (
[image: image24.wmf]ASA

c

) in [deg]
	[17]
	[22]
	[22]
	[17]
	[22]
	[22]

	Cluster ZSA (
[image: image25.wmf]ZSA

c

) in [deg]
	[7]
	[7]
	[7]
	[7]
	[7]
	[7]

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

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

	
	ASD
	[8]
	[10]
	[10]
	[8]
	[10]
	[10]

	
	ASA
	[8]
	[9]
	[9]
	[8]
	[9]
	[9]

	
	SF
	[10]
	[13]
	[13]
	[10]
	[13]
	[13]

	
	
	[15]
	[N/A]
	[N/A]
	[15]
	[N/A]
	[N/A]

	
	ZSA
	[12]
	[10]
	[10]
	[12]
	[10]
	[10]

	
	ZSD
	[12]
	[10]
	[10]
	[12]
	[10]
	[10]

	fc is carrier frequency in Hz; d2D is BS-UT distance in km.
NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:
All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:
The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X. 

NOTE 5: 
For all considered scenarios the AOD/AOA distributions are modelled by a wrapped Gaussian distribution, the ZOD/ZOA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.

NOTE 6: 
For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values 

NOTE 7: 
For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values 


Our results can be easily incorporated into the framework of [11] to enable more realistic V2V sidelink channel modeling.  Therefore, we make the following proposals.

Proposal 6: For LOS state, use LOS fast fading parameters in Table 7
Proposal 7: For NLOS state, use NLOS fast fading parameters in Table 7
Proposal 8: For NLOSv state, use NLOSv fast fading parameters in Table 7
6 Conclusions
Proposals:
Proposal 1: Use equations in Table 2 to model the LOS probabilities for sidelink channels in highway and urban environment.

Proposal 2: Model the transition probabilities between LOS, NLOS, and NLOSv using the equations listed in Table 3 in [9].

Proposal 3: Use the “soft LOS” state from [11] to model the channel impulse response during transitions between LOS, NLOS, and NLOSv states.

Proposal 4: For V2V side link, model the blockage loss according to Table 4

 REF _Ref509499441 \h 
 \* MERGEFORMAT .
Proposal 5: For V2V side link, model the path loss and shadowing parameters according to Table 6 .
.2 d at millimeter wave.d in [3del for side link based on table xxx.blocker has no effect for the 





























Proposal 6: For LOS state, use LOS fast fading parameters in Table 7
Proposal 7: For NLOS state, use NLOS fast fading parameters in Table 7
Proposal 8: For NLOSv state, use NLOSv fast fading parameters in Table 7
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