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1 Introduction

In this contribution, we provide analysis of V2V communication performance using Uu air-interface. This analysis corresponds to the Scenario #2, agreed by the RAN2 WG [1]. In the analysis, we mainly consider V2V communication performance in a more challenging Urban scenario and analyze the DL performance in terms of average PRR and CDF of PRR statistics for different DL data broadcasting schemes taking into account maximum 100 ms latency requirement.
2 On Challenges of Uu based V2V Communication
From the L1 perspective, there are several technical challenges for V2V communication using Uu air-interface in Scenario 2 that need to be carefully analyzed:

[image: image1.emf]E-UTRAN

UL

DL

           
[image: image2.emf]UL

DL


Figure 1: Uu based V2V communication (Scenario 2)
· Capacity & resource utilization. In terms of capacity and resource utilization the V2V operation using Uu air-interface assumes two transmissions from vehicle towards eNB in UL and from eNB to vehicle in DL that consumes two cellular resources. Given a large amount of vehicles in Urban scenarios and intensive periodic packet traffic it may be expected that resource utilization can be very high and the system capacity may become a bottleneck.
· Reliability of V2V packet delivery in multi-cell environment. The V2V communication traffic model assumes that packets need to be delivered to multiple vehicles within the target communication range from the source vehicle. It implies some type of broadcast operation for the DL transmission, so that all vehicles within the target transmitter range can receive it. Oppositely in UL, the unicast operation is assumed. In multi-cell environment, the reliability of V2V operation in DL may be an issue especially for vehicles at the cell edges, given that target vehicles (within target communication range from transmitter) may be in service area of the neighbor cells and thus may not be able to receive data due to link budget or inter-cell interference problems.
· Latency of V2V packet delivery. The V2V packets arrive periodically with random packet arrival uniformly distributed within [0-100] ms time interval. When Uu interface is used, the V2V packet may experience different latency components including L1 (UL and DL transmission delays), L2 and network latency components. In general, the 100 ms latency may be reached for Uu based V2V operation, however careful analysis of latency characteristics need to be studied and we assume that it is mainly in RAN2 WG scope given that L1 communication delays may be relatively small.
3 Downlink Analysis of Uu based V2V Communication

In this section, we provide DL performance analysis of Uu-based V2V communication in Urban scenario. As it was shown in our previous contribution [2], the UL throughput performance is sufficient for reliable V2V data delivery from UE to eNB, while the DL performance was identified as a bottleneck of the overall Uu V2V performance. Therefore, in this section, we continue analysis of DL performance, given that it is the most critical part of the overall Uu based V2V communication that may require further enhancements.
3.1 DL Transmission Schemes
Baseline Transmission Schemes

The Uu-V2V service assumes broadcasting the V2V message originated from a Uu-V2V source UE to the UEs in the V2V target communication range from the source. The following two basic broadcasting/groupcasting mechanisms are already available in LTE:

· SC-PTM. This is a single cell point-to-multipoint (SC-PTM) transmission technique that enables groupcast data transmission from a cell to associated UEs. The main challenges of SC-PTM operation in application to V2V use case is that V2V receivers within target communication range from transmitter may be served by another cell or suffer from inter-cell interference. The SC-PTM signal reception is illustrated in Figure 2-a.

· MBSFN data transmission is based on the same signal transmission from the set of cells which constitute MBSFN area. UEs in cells of the V2V Service Communication Area which belong to the same MBSFN area may receive data broadcasted from multiple cells as it is shown in Figure 2-b.
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Figure 2. LTE broadcasting modes
a) SC-PTM, b) MBSFN

In this contribution, we evaluate performance of baseline SC-PTM and MBSFN transmission modes with the following configuration of transmitting cell sets (clusters) [3]:

· 7-Cell Clustering. In this case, the same data (V2V message) is transmitted by the set of cells which constitute a 7-cell cluster around the serving cell of V2V source UE. Time domain multiplexing is applied to multiplex transmissions in overlapped clusters, i.e. in each subframe only 3 non-overlapped clusters operate simultaneously as it is shown in Figure 3-a. The overall number of unique 7-cell clusters in the studied deployment is equal to 21 and each cluster has opportunity to transmit the data in a period of 7 subframes.

· 3-Cell Clustering: In this option, each cluster contains a set of 3 cells, where any two of them have a common border. The 3-cell cluster suitable for V2V data transmission is selected on geography basis. The cluster with cells covered by particular V2V source UE communication range is selected for data transmission. The total number of unique 3-cell clusters is equal to 42 in the considered 1-tier Urban scenario. In case of same signal transmission, only 7 non-overlapped clusters may transmit data simultaneously in the same subframe, therefore 6 subframes are needed to multiplex all cluster transmissions in time domain. The example of 3-cell clustering option for one of six subframes is provided in Figure 3-b.
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	Figure 3: Network clustering options
a) 7-Cell Clustering, b) 3-Cell Clustering


Enhanced SC-PTM with inter-cell muting and UE reception from multiple cells
The described above baseline broadcasting techniques assume signal transmission from all cells in a cluster. Such transmission behavior results in large system loading, resource utilization, strong co-channel interference, given that transmission same V2V message is transmitted by multiple cells (i.e. replicated). In order to reduce the co-channel interference, an inter-cell muting approach may be applied [2]. In this contribution, we consider sector-based spatial reuse-3 scenario illustrated in Figure 4-a, where simultaneously transmitting cells are marked by the same color. In this scenario, each cell broadcasts a packet of the served source vehicle and all vehicles within the target communication range of the transmitting vehicle try to receive it even if they are served by another cells. Note that in order to reduce UE complexity, it is assumed, that a UE at each subframe tries to decode only transmissions from the strongest cell.

Our analysis in [2], has shown that in Urban deployment scenario, cells have unequal UE loading. Therefore in this contribution we analyze to schemes in terms of resource partitioning:

· Equal time sharing: Each cell utilizes only 1/3 of the available spectrum resources (subframes) and is muted at the remaining 2/3 of spectrum resources (subframes) irrespective of the user/traffic loading between cells.
· Proportional time sharing: This scheme aims to proportionally allocate spectrum resources according to the cell loading taking into account the different cell loading that was observed between cells at the same site. According to our analysis, it was observed that (26%, 42%, 32%) of UEs associate with (cell #0, cell #1, cell #2) respectively at each site. In order to balance resource utilization of different cells, the number of subframes proportional to the percentage of UEs associated with each cell group was allocated for each cell group. According to this subframe allocation rule the group of cells #0 utilizes 1/4, the group of cells #1 utilizes 5/12, group of cells #2 utilize 1/3 of subframes in 12 subframes length transmission pattern period.

The subframe transmission patterns for the described above time sharing options are provided in Figure 4-b.
	a) 
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	Figure 4: Enhanced SC-PTM with Inter-Cell Muting Scheme
a) Sector-based spatial reuse-3,  b) Time sharing options


3.2 Uu-V2V Communication Evaluation Results

In this section, we provide comparative analysis for the different transmission schemes described in Section 3.1 for the Urban dense (15 km/h) and Urban sparse (60 km/h) scenarios assuming that 100% of resources are available for SC-PTM and MBSFN transmissions. The detailed list of simulation assumptions is provided in Appendix.
Figure 5 shows average PRR and CDF of PRR results for Urban sparse (60 km/h) and dense (15km/h) scenarios.
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Figure 5: Urban Scenarios - Uu based DL PRR Performance

Observation 1
· In both Urban sparse and dense deployment scenarios, the utilization of spatial reuse helps to improve V2V PRR performance and therefore inter-cell coordination techniques are beneficial for Uu-based V2V operation.
· The evaluated SC-PTM scheme with inter-cell muting outperforms other considered baseline schemes.
· In dense Urban deployment scenario (high system load) all transmission schemes result 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 DL transmission in each cell.
· The transmission scheme should be able to adapt utilized resources to potential cell loading imbalance.

· It can be concluded that Uu based V2V communication is feasible for Urban sparse and low loading scenarios while further study is needed for Urban dense deployment scenario.
4 Conclusions
In this contribution, we provided DL performance analysis of different transmission schemes for Uu based V2V communication. Our analysis shows, that SC-PTM technique with neighbor cells muting provides improved performance comparing to the agreed baseline schemes utilizing MBSFN and SC-PTM transmission in both Urban dense and sparse scenarios.
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6 Appendix – Evaluation Assumptions

In this section, we provide summary of system level simulation assumptions used for V2X 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

	Antenna 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

	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

	SC-PTM Data Transmission Format

	MIMO Mode
	Antenna Port#0

	Allocation size
	10 PRB

	CFI
	3 Symbols

	Cyclic Prefix Type
	Normal

	190 Byte
	MCS
	9

	
	Modulation
	QPSK

	
	CR
	0.66

	300 Byte
	MCS
	14

	
	Modulation
	QAM-16

	
	CR
	0.54

	MBSFN Data Transmission Format

	MBSFN Subframes
	100%

	CFI
	2 Symbols

	Cyclic Prefix Type
	Extended

	MCS
	9

	Modulation
	QPSK

	CR
	0.78

	DL Transmission

	Number of data Tx 
	1 (No packet retransmission)

	Link adaptation
	No
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