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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]. The online discussion on the channel models will start later, but offline and email discussions have been very active. One of the key topics in V2X sidelink (V2V) channel model is the vehicle blockage. In this contribution, we present fast fading parameters for V2V sidelink based on measurements with center frequency of 6.75 GHz, 30 GHz, 60 GHz, and 73 GHz. 

2 Measurement Set-up and Scenarios
Channel measurements were performed in multiple locations (urban environment in Germany, urban environment in China, highway environment in China). Measurements in Germany were performed in 6.75 GHz, 30 GHz, 60 GHz frequency bands, whereas in China they were performed in 73 GHz. For urban scenarios, the combined result from 6.75 GHz, 30 GHz, 60 GHz, and 73 GHz frequency bands are shown in Table 1, whereas highway results are extracted from measurements performed in 73 GHz frequency band. Extensive details on the measurements and analysis are available in accompanying contribution [7]. 
3 Fast fading parameters for NR V2V sidelink: highway and urban environment
Following the conclusions of WF on Modeling Line-of-Sight Blockage for V2V presented in RAN WG1 Meeting #86b [6], we classify the propagation condition of V2V sidelink as three possible states:

· LOS propagation (no LOS blockage)

· NLOS propagation with blockage from the static environment, such as building, trees, etc. (referred to as NLOSb)

· NLOS propagation with blockage from the dynamic environment, such as cars, trucks, etc. (referred to as NLOSv)

For each of the states, Table 1 contains the parameters values extracted from the measurements explained in [7]. Although [7] contains measurements with antenna locations both at the vehicle roof and at bumper level, parameters in Table 1 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 1, in the case of values in square brackets, parameters are taken from UMi model in [2] (Table 7.5-6). Other values (i.e., those not in square brackets) are calculated based on measurements explained in [7]. 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 [2] (Table 7.5-6) for both urban and highway scenario.
Table 1 Fast fading parameters for V2V sidelink
	Scenarios
	Urban
	Highway

	
	LOS
	NLOSb
	NLOSv
	LOS
	NLOSb
	NLOSv

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-0.2 log10(1+ fc) – 5.7
	-0.12 log10(1+ fc) – 6.3
	-0.3 log10(1+ fc) – 4.5
	-8.16
	-7.66
	-8.04

	
	lgDS
	0.17 log10(1+ fc) – 10
	0.1 log10(1+ fc) – 9
	-0.14 log10(1+ fc) – 6.7
	-8.53
	-7.62
	-8.08

	AOD spread (ASD)

lgASD=log10(ASD/1()
	lgASD
	-0.1 log10(1+ fc) + 2.4
	-0.1 log10(1+ fc) + 2.2
	-0.1 log10(1+ fc) + 2.9
	1.39
	1.32
	1.29

	
	lgASD
	-0.03 log10(1+ fc) + 1.1
	-0.3 log10(1+ fc) + 4.3
	-0.2 log10(1+ fc) + 3.5
	0.59
	0.77
	0.82

	AOA spread (ASA)

lgASA=log10(ASA/1()
	lgASA
	-0.1 log10(1+ fc) + 2.4
	-0.1 log10(1+ fc) + 2.2
	-0.1 log10(1+ fc) + 2.9
	1.39
	1.32
	1.29

	
	lgASA
	-0.03 log10(1+ fc) + 1.1
	-0.3 log10(1+ fc) + 4.3
	-0.2 log10(1+ fc) + 3.5
	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. 8
	See Table 2 in ref. 8
	See Table 3 in ref. 8
	See Table 2 in ref. 8
	See Table 2 in ref. 8
	See Table 3 in ref. 8

	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: image1.wmf]N


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

	Number of rays per cluster 
[image: image2.wmf]M


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

	Cluster DS (
[image: image3.wmf]DS

c

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

	Cluster ASD (
[image: image4.wmf]ASD

c

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

	Cluster ASA (
[image: image5.wmf]ASA

c

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

	Cluster ZSA (
[image: image6.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 GHz; 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 


Proposal 1: For LOS state, use LOS fast fading parameters in Table 1
Proposal 2: For NLOSb state, use NLOSb fast fading parameters in Table 1
Proposal 3: For NLOSv state, use NLOSv fast fading parameters in Table 1
4 Discussion
In further support of classification presented in R1-1800028 [5], which distinguishes three propagation conditions for V2V sidelink (LOS, NLOSv, NLOSb), measurement results of fast fading parameters for V2V sidelink summarized in Table I show that LOS, NLOSv, and NLOSb links have distinct shadow and fast fading characteristics. Specifically, the parameters for NLOSv typically fall between LOS and NLOSb parameters for delay spread, angular spread and shadow fading. Furthermore, as discussed in [3] and [4], training the existing Blockage models A and B in Section 7.6.4 of [2] to realistically reflect modified shadow and fast fading characteristics for NLOSv links would be time-consuming and complicated. Therefore, we argue that, instead of using Blockage models A and B to incorporate vehicle blockage, it is both easier and less computationally complex to provide another state - NLOSv, with its own large scale and fast fading parameters that can be adjusted based on the structure in [2]. 
5 Conclusion

In this contribution we present a set of fast fading parameters for V2V sidelink for three link states (LOS, NLOSv, and NLOSb) for urban and highway environments and across four frequency bands (with center frequency of 6.75 GHz, 30 GHz, 60 GHz, and 73 GHz). Our results can be easily incorporated into the framework of [2] to enable more realistic V2V sidelink channel modeling.  Therefore, we make the following proposals.
Proposal 1: For LOS state, use LOS fast fading parameters in Table 1
Proposal 2: For NLOSb state, use NLOSb fast fading parameters in Table 1
Proposal 3: For NLOSv state, use NLOSv fast fading parameters in Table 1
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