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1      Introduction

Capacity analysis is under the discussion in the email [1]. In this contribution, we would like to provide initial analysis for V2V PRR performance in urban scenario (considering it as a more challenging) and analyze UL/DL performance in terms or resource utilization for different loadings. In addition, we discuss some of the techniques that need to be further studied in order to conclude on feasibility aspect of Uu based V2V communication.
2      Discussion
2.1 Uplink Analysis of Uu based V2V Communication
In general, the Uu based V2V communication in UL is similar to the typical cellular unicast operation with real-time traffic (like for example VoIP), given that each vehicle needs to deliver unicast traffic towards serving eNB assuming that network will deliver it towards final destinations. The potential issue may exist only if the UL loading is too high. In UL, there should not be a severe inter-cell communication problem given that UL V2V transmissions can be assumed to be power controlled towards serving eNB. The existing cellular mechanisms such as SPS can be used to enable V2V packet delivery from transmitting vehicle to serving eNB. In case of inter-cell interference issues, the additional enhancements taking into account vehicle geographical information can be used for UL scheduling to improve V2V UL performance.

In this section, we analyze the reliability of UL packet delivery assuming basic cellular operation and unicast vehicle transmission to serving cell using scheduled SPS allocation from eNB side. We assume that all UL transmissions are power controlled and study different resource allocation granularities to analyze if there is any bottleneck in UL and the UL resource utilization within cell. The following resource allocation granularities and MCS indexes were used in analysis using V2V traffic model agreed for PC5 V2V evaluations:

· 8 PRB: 190 bytes: (MCS 12 - QAM-16)  /  300 bytes: (MCS 16 - QAM-16)

· 12 PRB: 190 bytes: (MCS 8 – QPSK)  /  300 bytes: (MCS 12 - QAM-16)

The system level evaluation results (resource utilization and packet drop statistics) of UL performance are shown in Table 1 assuming the following UL PC settings (P0 = -106; alpha = 1).

Table 1 – UL resource utilization and packet drop statistics for V2V communication in Urban scenario
	
	Urban, 15 km/h
	Urban, 60 km/h

	Allocation Size, PRB
	8
	12
	8
	12

	UL Resource Utilization,%
	31.3%
	45.5%
	7.4%
	11.4%

	Packet Drop, %
	0.01%
	0%
	0%
	0%


Observation 1
· The error free UL performance is observed indicating that there is no bottleneck in UL performance for support of Uu based V2V communication.

· Support of Uu based V2V communication results in quite significant UL resource utilization which is about 32% -45% for Urban dense scenario (15 km/h). In case of Urban sparse scenario (60 km/h), the UL resource utilization is practically reasonable (i.e. around ~10%).
2.2 Downlink Analysis of Uu based V2V Communication
As it was shown in the previous subsection, the Uu based UL V2V communication performance is not a limiting factor and thus UL transmission can be assumed as an error free for the initial DL performance analysis. The DL performance of V2V communication needs to be analyzed in terms of PRR similar as it was done for PC5 based V2V operation. It implies that multiples vehicles within target range of the transmitting vehicle are candidates to receive the V2V packet that was delivered to serving eNB by transmitting vehicle. This implies some type of the broadcast operation and inter-cell coordination techniques in terms of the transmission schedule in order to reliably deliver V2V packet to all vehicles. Different solutions are possible here, the eNBs may exchange received V2V traffic across neighboring cells or eNBs may coordinate their transmissions in order to simplify reception by UEs from the neighboring cells. Therefore the main potential issues for DL V2V communication are in the area of inter-cell coordination and possibility of the UE receiver capabilities to receive traffic from multiple transmission points eNBs. In order to roughly estimate the scale of the potential issues for DL V2V communication, we analyzed three scenarios with different assumptions on inter-cell transmission pattern:

· Reuse-1: Each serving cell broadcasts packet of the associated vehicle and all vehicles within target communication range of transmitting vehicle trying to receive it even if they are associated with different serving cells. In this scenario, no coordination is assumed across different cells and therefore there may be an DL inter-cell interference issue.

· Reuse-3: Each serving cell broadcasts packet of the associated vehicle and all vehicles within target communication range of transmitting vehicle trying to receive it even if they belong to different cells. The each cell utilizes only 1/3 of the available resources (subframes) and is muted at the remaining 2/3 of spectrum resources (subframes).
· Reuse-6: Each serving cell broadcasts packet of the associated vehicle and all vehicles within target communication range of transmitting vehicle trying to receive it even if they belong to different cells. The serving cell utilizes only 1/6 of the available resources (subframes) and is muted at the remaining 5/6 of spectrum resources (subframes).
In Scenario-3 and Scenario-6, the transmission schedule from each cell is predefined in order to allow some spatial and potentially reduce the inter-cell interference issues for UE reception.
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	Figure 2: Inter-cell reuse scenarios for Uu based DL V2V communication


The initial PRR evaluation results of the DL Uu based V2V performance are shown in Figure 3 for Urban dense (15 km/h) and Urban sparse (60 km/h) scenarios assuming 10 PRBs for DL V2V transmission of each vehicle independently of the V2V packet size (190 bytes and 300 bytes).
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Figure 3: Uu based DL PRR Performance

Observation 2
· In sparse Urban deployment scenario (low system load), the spatial reuse helps to improve V2V PRR performance and therefore inter-cell coordination techniques are beneficial Uu-based V2V operation.

· In dense Urban deployment scenario (high system load), the high spatial reuse results in degraded performance which can be explained by packet drop at the eNB side, given that the amount of traffic exceeds amount of resources available for transmission in each cell and many packets are dropped at eNB side.
· The initial study shows significant challenges in DL Uu V2V performance in considered dense Urban scenario.

· It can be concluded that Uu based V2V communication is feasible for sparse and low loading scenarios while further study is needed for dense deployment scenarios.

2.3 Considerations on Uu based V2V Enhancements
The initial analysis of Uu based V2V operation has clearly shown that the DL performance is the limiting factor especially in dense V2V communication scenarios. In order to further improve performance of Uu based V2V communication, the additional enhancements of DL broadcast transmission schemes may be further studied. In particular, the more tight inter-cell coordination techniques, resource management and broadcast transmission schemes may be considered to further improve PRR performance. One of the issues that was identified in our DL analysis is that cells have unequal loading and therefore the hard resource reuse may not be an optimal solution. In addition, similar to PC5 based solutions, the geo-information of the transmitting vehicles may be utilized to check if Uu based V2V communication performance can be substantially improved by utilizing more intelligent resource management in multi-cell environment.

Proposal 1
· Further study benefits of more advanced inter-cell coordination in terms of traffic and resource management for Uu based V2V communication.

· Analyze benefits of utilizing geo-information for Uu based V2V communication and practical design options.

3      Conclusions

In this contribution, we provided initial evaluation of Uu based V2V communication. Our analysis has shown, that DL is the main limiting factor for Uu based V2V communication. The further system level study is needed to see if improved performance can be extracted from the more advanced inter-cell coordination in terms of V2V traffic and resource management including utilization of geo information.
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5      Appendix – Evaluation Assumptions
In this section, we provide summary of system level simulation assumptions used for V2V evaluation in this contribution.

Table 1: Summary of system level evaluation assumptions
	Parameter
	Value

	Deployment Scenarios
	Urban:

Dense: average inter-vehicular distance = 2.5 sec · absolute vehicle speed 15 km/h

Sparse: average inter-vehicular distance = 2.5 sec · absolute vehicle speed 60 km/h

	Channel model
	According to the agreed evaluation methodology in [1]

	Spectrum

	Carrier Frequency
	2GHz

	Bandwidth
	10 MHz / 50PRBs

	Duplexing
	FDD

	eNB-type RSU Parameters

	Tx Max Power
	46 dBm

	Height
	35 m

	Number of Antennas
	4

	Antenna pattern
	Directional 3D

	HPBWHor
	70 deg

	FBRHor
	25 dB

	HPBWVer
	10 deg

	FBRVer
	20 dB

	Antenna gain
	14 dBi

	Antenna tilt
	15 deg

	Noise Figure
	5 dB

	Vehicle UE Parameters

	Tx Max Power
	23 dBm

	Height 
	1,5 m

	Number of Antennas
	2

	Antenna pattern 
	Omni 2D

	Antenna gain
	3dBi

	Noise Figure
	9 dB

	UL Power Control

	P0
	-106

	Alpha
	1

	UL HARQ 

	Max number of retransmissions
	3

	Retransmission delay, subframes
	8

	Traffic model

	Description
	Periodic traffic model according to [1] with randomized initial arrival time

	Packet arrival period
	100 ms

	Message size
	· 190 bytes every 100ms (four consecutive packets)
· 300 bytes every 500ms (every 5th packet)

	Latency requirement
	100 ms

	DL Data Transmission format

	MIMO Mode
	Antenna Port#0

	Allocation size
	10 PRB 

	190 Byte
	MCS
	9

	
	Modulation
	QPSK

	300 Byte
	MCS
	14

	
	Modulation
	QAM-16

	UL Data Transmission format

	Allocation size
	8 PRB
	12 PRB

	190 Byte
	MCS Index
	12
	8

	
	Modulation
	QAM-16
	QPSK

	300 Byte
	MCS Index
	16
	12

	
	Modulation
	QAM-16
	QAM-16

	DL Transmission

	Number of data transmissions 
	1 (No packet retransmission)

	Link adaptation
	No

	Inter-cell cooperation scheme
	Coordinated in time transmissions from multiple cells according to the cell reuse factor (time reuse). 

	Cell Reuse Factor
	[1;3;6]




