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1 Introduction

At the TSG RAN1 Meeting #82, the evaluation assumptions for feasibility study on LTE based V2X services [1] were agreed and captured in [2]. In this contribution, we provide our views on the remaining details of simulation assumption for V2V/V2X analysis. Our views on other aspects of V2V/V2X communication are provided in our companion contributions [4]-[8].
2 RSU Deployment Consideration
During the RAN1 e-mail discussion, the layout of macro eNBs was agreed for both Freeway and Urban evaluation scenarios [3]. However, the parameters of RSU deployment are still open for discussion.
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Figure 1. RSU Deployment Scenario

Figure 1 a) shows the possible RSU deployment along the road at the distance of d meters from the roadway for Freeway scenario. The distance between neighbor RSUs is specific for each Freeway deployment option (baseline and optional) and depends on macro-cell inter-site distance. Figure 1 b) provides RSU deployment for Urban scenario, where RSUs are placed at road intersection to assist inter-vehicle communication over NLOS links blocked by buildings. The list of proposed RSU and eNB parameters is provided in Table 3 of Appendix A.
3 eNB - UE and RSU - UE Channel Modelling
3.1 eNB – UE Links
According to the agreed evaluation assumptions, the both Freeway Option 2 (optional) and Urban deployment scenarios assume urban environment, while the Freeway Option 1 (baseline) deployment assumes rural environment. Channel propagation characteristics for both environments were studied in ITU [9]. The ITU channel models define large scale propagation characteristics and fast fading channel variations and adopted by 3GPP [9]. The spatial correlation of large scale parameters is also considered in these channel models that makes them suitable for accurate mobility evaluations.

The Urban scenario assumes eNB deployment inside building blocks with ISD = 500m. Therefore, for proper eNB-UE channel modeling, we suggest ITU UMa channel model. The same model can be used for eNB - UE channel in Freeway Option 2. For Freeway Option 1, the ITU RMa channel model can be used.
Proposal 1
· For eNB-UE channel modeling in Freeway deployment scenario,

· the ITU RMa channel model is used for Option 1 (baseline) eNB deployment;

· the ITU UMa channel model is used for Option 2 (optional) eNB deployment.
· For eNB-UE channel modeling in Urban deployment scenario, the ITU UMa channel model is used.
The mobility modeling aspects including large scale parameters spatial auto- and cross-correlation, LOS/NLOS propagation type are common for all proposed channel models and discussed in Section 3.3.
3.2 RSU – UE Links
The RSUs if deployed are likely to have the lower antenna height comparing to Macro eNB, but still larger than vehicle height. In our view, these units may often have close to LOS channel propagation properties and therefore we have following proposal:
Proposal 2
· For RSU-UE channel modeling in Freeway scenario, the ITU UMi LOS channel model is used for both Option 1 (baseline) and Option 2 (optional) deployments.
· For RSU-UE channel modeling in Urban scenario, the Winner+ B1 Manhattan Layout channel model is used [10].
3.3 Mobility Modeling Aspects

As it was agreed in [3], the V2X evaluations should include vehicle mobility modeling. Furthermore, the shadow fading spatial autocorrelation modeling was agreed for V2V channel. The proposed for V2I and V2N links ITU channel models include spatial correlation modeling for the following parameters: angle of arrival, angle of departure, delay spread, k-factor and shadow fading. The accurate modeling may need to take all these correlations into account when mobility is evaluated.
The one of the disadvantages of the proposed ITU channel models is probabilistic nature of LOS/NLOS channel propagation type determination, when the only probability of LOS propagation is defined for any particular distance. The LOS/NLOS propagation re-evaluation every 100 ms may lead to frequent change of propagation type and, hence, to rapid deviations of channel propagation characteristics. To overcome this problem, we propose to re-evaluate LOS/NLOS propagation conditions with larger time period (e.g. 2s) comparing with vehicle coordinate update period (100 ms).
Proposal 3
· For eNB-UE and RSU-UE channel modeling consider spatial autocorrelation of large scale parameters on eNB-UE and RSU-UE links.
· The LOS/NLOS propagation type is updated at larger time-scale (e.g. 2 seconds) for eNB-UE links.
4 Additional Evaluation Assumptions
Depending on the role of eNB and RSU in provided V2X services, the proper evaluation assumptions should be provided to analyze and report the traffic and signaling overhead on eNB-UE and/or RSU-UE links. The utilization of spectrum resources and overhead modeling assumptions should be provided by proponent of the particular design option including potential handover overhead and/or other associated control/data signaling.
Proposal 4
· For accurate evaluation of design proposals involving eNB/RSU operation, the proper evaluation assumptions should be provided for analysis of resource utilization on eNB-UE and RSU-UE links, including signaling overhead associated with the handover procedures, if applied.

· RAN1 to discuss and agree on handover signaling model and associated signaling overhead.
5 Conclusions
In this contribution, we discussed the remaining details of the V2X evaluation assumptions including eNB and RSU deployment, eNB-UE and RSU-UE channel modeling and mobility aspects.
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7 Appendix A: Remaining V2X Evaluation Assumptions
This section provides the list of remaining parameters for V2I evaluations.

Table 1. V2I Evaluation parameters of Freeway Scenario

	Parameter
	Value

	
	Rural
	Urban

	eNB Infrastructure Deployment
	

	eNB-to-UE minimum distance
	35 m
	35 m

	Antenna height
	35 m
	25 m

	RSU Infrastructure Deployment

	RSU-Neighbor eNB distance
	866
	433 m

	RSU-RSU distance
	1732 m
	866 m

	RSU-to-Roadway distance
	2 m
	2 m

	RSU-to-UE minimum distance
	3 m
	3 m

	Antenna height
	6 m
	6 m

	Frequency Allocation

	Carrier Frequency
	5.9 GHz – Dedicated spectrum case

2.0 GHz – Shared spectrum case

	System bandwidth
	10 MHz

	Vehicle-to-eNB Channel Model

	Pathloss model
	ITU RMa
	ITU UMa

	LOS probability
	LOS/NLOS according to ITU RMa
	LOS/NLOS according to ITU UMa

	Shadow fading distribution
	Log-normal
	Log-normal

	Shadowing standard deviation
	LOS: 4 dB
NLOS: 8 dB
	LOS: 4dB
NLOS: 6dB

	Shadowing spatial correlation
	Exponential
	Exponential

	Small scale model
	ITU RMa 
	ITU UMa

	Vehicle-to-RSU Channel Model

	Pathloss model
	ITU UMi LOS

	LOS probability
	LOS only

	Shadow fading distribution
	Log-normal

	Shadowing standard deviation
	3 dB

	Shadowing spatial correlation
	Exponential

	Small scale model
	ITU UMi 


Table 2. V2I Evaluation parameters of Urban Scenario
	Parameter
	Value

	eNB Infrastructure Deployment

	Deployment
	Hexagonal, based on agreement

	Antenna Height, m
	25 m

	RSU Infrastructure Deployment

	Deployment
	At the roads intersections, as shown at Figure 1-b

	Frequency Allocation

	Carrier frequency
	5.9 GHz – Dedicated spectrum case

2.0 GHz – Shared spectrum case

	System bandwidth
	10 MHz

	Vehicle-to-eNB Channel Model

	Pathloss model
	ITU UMa

	LOS probability
	LOS/NLOS according to ITU UMa

	Shadow fading distribution
	Log-normal

	Shadowing standard deviation
	LOS: 4 dB

NLOS:6 dB

	Shadowing spatial correlation
	Exponential

	Small scale model
	ITU UMa

	Vehicle-to-RSU Channel Model

	Pathloss model
	Winner+ B1, Manhattan Grid

	LOS probability
	N/A

(LOS/NLOS propagation type derived from geometry)

	Shadow fading distribution
	Log-normal

	Shadowing standard deviation
	LOS: 3 dB

NLOS:4 dB

	Shadowing spatial correlation
	Exponential

	Small scale model
	ITU UMi


Table 3. Infrastructure Equipment Parameters
	Parameter
	RSU
	eNB

	Antenna pattern
	Omni 2D
	Directional 3D, according to [9]

	Antenna gain
	5 dBi
	17 dBi

	Tx max power
	23 dBm
	46 dBm

	Noise Figure
	5 dB
	5 dB
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