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1. Introduction

In RAN#68, RAN approved a new SID for Feasibility Study on LTE-based V2X Services[1].The target of the first RAN1 meeting is to define the evaluation methodology at least for LTE-based V2V. In this contribution, the channel modeling for PC5 V2V is discussed. Other relative perspectives can be found in the companion contributions [2]

 REF _Ref427135906 \r \h 
[3]

 REF _Ref427135909 \r \h 
[4].
2. Discussion
Considering the input of SA1 TR22.885 [5], in [2] it is proposed RAN1 to adopt two scenarios: Freeway and Urban. In this contribution, the corresponding channel modeling is provided for these two scenarios. Basically they are referred to CCSA SR 157-2014, “Study of Short Range Communication Based on TD-LTE for Vehicle Safety Application”[6] and 3GPP R12 D2D TR 36.843 [7]. [7] provides channel modeling for R12 D2D study. For the perspective of further study on PC5 V2V, and in order to reduce the workload due to evaluation time limitation, the existing channel model is suggested to be reused as much as possible. However, scenarios studied in R12 D2D are not exactly applied to V2V. The mismatched parts are indicated in this contribution and proper substitutions are provided for V2V evaluation. The channel modeling for two scenarios is composed by large scale pathloss, shadow fading, and small scale fading. 
2.1  Large Scale fading
· Pathloss
- Freeway (Highway) scenario
Large scale pathloss in 3GPP R12 D2D TR 36.843[7] is used mainly considering urban scenario. However, the channel characteristics in freeway scenario are quite different. Besides the main path of freespace, the other strong path mainly comes from reflection of ground. Based on above, ETSI TR 102 861[8] provides the large scale fading of 5.9GHz vehicular system of highway follows a dual-slope model which is more appropriate and suggested to be used here:
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Where 
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 In Freeway scenario, the LOS Probability is 100%. The comparison between this modeling and what used in D2D is given in Fig.1. where “Hexagon” is that used in 36.843[7] and “Freeway” is from ETSI TR 102 861[8] and also CCSA SR [6].
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Figure1.Pathloss of LOS modeling comparison
- Urban scenario
In this scenario, vehicle is moving along the road, where the road is divided by building blocks. When TX/RX is obstructed by building, it is NLOS; otherwise it is LOS.
For LOS pathloss, which means TX/RX located in same road (vertical or horizontal), LOS part for O2O pathloss in D2D [7] can be reused. However, again for NLOS, buildings along streets change channel characteristics compared with what used for D2D. To match the pathloss and deployment scenario better, it is proposed to apply Winner+B1 for Manhattan layout [6] [9]

 REF _Ref427168106 \r \h 
[10] . Additionally, there are restrictions on:
1) If TX/RX are on parallel (but different) roads, then the signal is treated as completely obstructed;
2) If TX is on vertical road while RX is on horizontal road, and vice versa (see below Fig. 2), 
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Figure2. d1 and d2 in Manhattan
then
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, fc =5.9×109(Hz)                     (4)
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There are also comparison between what we used for D2D O2O (Winner+B1 for hexagonal layout with LOS/NLOS offsets) and what we proposed for V2V (Winner+B1 for Manhattan layout) as Fig. 3.
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Figure3. the large scale fading pathloss comparison
In this figure, “Hexagon” indicates Winner+B1 for hexagonal layout with LOS/NLOS offsets; “Manhattan d1=d2” is the worst case by proposed Manhattan (Pathloss is pretty high) and “Manhattan d1=40” is close to the best case (LOS when d1 = 0). It can be found that at distance of 200m, the difference between the worst and best cases is up to 15dB. This deviation cannot be easily matched by a single curve, e.g. “Hexagon” curve.  
· Shadow fading
The corresponding shadow fading is not found in ETSI TR 102 861[8] for freeway scenario. In [11], Shadow fading comes from measurement data on highway of Pennsylvania that is suggested here. It follows log normal distribution, and the standard deviation is given as:
- 2.5 when 
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Shadow fading Correlation is independent during vehicle’s moving.
For urban scenario, referring to the same modeling from WINNER+ B1 for Manhattan layout, shadow fading follows log normal distribution, and the standard deviation is 3 for LOS, and 4 for NLOS. Shadow fading Correlation is independent during vehicle’s moving. 
2.2  Small scale fading
So far it is not found more proper modeling in references than UMi LOS/NLOS model in 3GPP TR 36843[7]. And hence it is suggested to be reused, where when TX/RX is obstructed by building, it is NLOS, otherwise it is LOS.
3. Conclusion 
Proposal 1: RAN1 uses above listed channel modeling for PC5 V2V evaluation (details are summarized in Annex of this contribution).
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Annex: Table of Channel models
Following channel models could be used for PC5 transport for V2V.

Table 1. Proposed table of channel modelling
	
	Deployment #A Freeway
	Reference

	Pathloss
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	Highway and Rural Propagation Channel Modeling for Vehicle-to-Vehicle Communications at 5.9 GHz, Lin Cheng, Benjamin E. Henty, Fan Bai and Daniel D. Stancil, IEEE Journal on Selected Areas in Communications, 2008.
CCSA SR 157-2014, “Study of Short Range Communication Based on TD-LTE for Vehicle Safety Application”

	Shadowing correlation
	i.i.d.
	

	Fast Fading
	3GPP TR 36843
UMi LOS
	3GPP TR 36843 
UMi LOS


	
	Deployment #B Urban
	Reference

	Pathloss
	LOS: TX and RX are on same road(vertical or horizontal)
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 c=3.0×108(m/s),  fc =5.9×109(Hz)

	3GPP TR 36843: 
Outdoor to Outdoor

	
	NLOS:
Case1: TX is on vertical road while RX is on horizontal road, and vice versa (see below figure).
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 fc =5.9×109(Hz)
Case2: TX and RX are on parallel (but different) roads
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i.e. RF signal is completely obstructed.
	D5.3: WINNER+ Final Channel Models

UMi (B1): 
NLOS (Manhattan layout) 
CCSA SR 157-2014, “Study of Short Range Communication Based on TD-LTE for Vehicle Safety Application”

	LOS Probability
	LOS is when TX and RX are on same road(vertical or horizontal). Otherwise NLOS.
	

	Shadowing 
standard 
deviation
	LOS: 3
NLOS: 4
Log normal
	D5.3: WINNER+ Final Channel Models
· UMi (B1)
CCSA SR 157-2014, “Study of Short Range Communication Based on TD-LTE for Vehicle Safety Application”

	Shadowing
 correlation
	i.i.d.
	

	Fast Fading
	3GPP TR 36843 UMi LOS/NLOS.
LOS is when TX and RX are on same road(vertical or horizontal). Otherwise NLOS.
	3GPP TR 36843 
UMi LOS/NLOS
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