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1
Introduction
One of the objectives of LTE-based V2X study item is to investigate potential enhancements for vehicular services as follows [1]:
2) For support of PC5 transport for V2V services (to be completed by RAN#70 – December 2015), at least including:

a) Identify necessary enhancements (e.g. of potential enhancements: mitigate impact of half duplex constraint, reduce resource collision, enhance pool structure, enhance resource patterns, SA information transmitted in same subframe as the associated data) to the resource allocation mechanism to meet identified requirements for robustness, latency, overhead and capacity [RAN1]

b) Identify any necessary PC5 enhancements for high Doppler case (e.g. up to 280 km/h up to 6 GHz) such as enhanced DMRS, and also synchronization based on GNSS at least for out of coverage operation.[RAN1]
In this document, we will discuss ICI impact on V2V resource allocation based on link level simulation results.
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ICI Impact caused by High Doppler
Problem statement
V2V communication using PC5 should support a relative speed of up to 280 km/h [2]. Given the typical carrier frequency of 5.9 GHz, high Doppler spread is expected, e.g., maximum Doppler spread, fd,max ≈ 1529.63 Hz, which is 10% of LTE subcarrier spacing. In this case, there will be an ICI problem between adjacent PSSCHs as shown in Fig. 1. More specifically, PSSCH transmitted from an approaching vehicle in an opposite lane (e.g., Veh. #3) is received at the receiver with a positive frequency offset due to Doppler spread. Assuming that Veh. #1 and Veh. #3 use adjacent PSSCHs, PSSCH from Veh. #3 can cause ICI to PSSCH from Veh. #1. 
Observation 1: There will be an ICI problem between PSSCH transmitted from a vehicle moving in an opposite lane and PSSCH transmitted from a vehicle traveling in the same lane.
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Figure 1: Illustration of ICI problem caused by high Doppler spread
Performance Evaluation
In order to investigate ICI impact on V2V communication, we simulated the PSSCH performance depending on various parameters. In all simulation cases, the message size was set to 300 bytes based on SA1 requirements [2]. QPSK was used and the PSSCH was transmitted over 8 PRBs [3]. The receiver has two receiving antennas. For small scale fading, the EVA channel model was used. There was no frequency offset between the transmitter and receiver. The carrier frequency used was 5.9 GHz.
Fig. 2 shows BLER performance depending on various relative speeds between Veh. #3 and the RX shown in Fig. 1. Here, the relative velocity of Veh. #1 and the RX is 3 km/h and SNR for the link between Veh.#1 and RX is 3dB. It is assumed that the resources for PSSCHs of Veh. #1 and Veh. #3 are contiguous in frequency domain. From Fig. 2, we can find even in the case that the relative speed is less than 280 km/h, BLER performance can severely degrade with the increment of relative velocity if SIR is quite much poor (e.g., –24 dB). This SIR value seems an abnormal operating range but it may frequently happen in a high way scenario of V2V when a vehicle communicates with vehicles moving in the opposite lanes and vehicles travelling in the same direction simultaneously. 
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Figure 2: BLER performance depending on various relative velocities between Veh. #3 and the RX shown in Fig. 1.
Fig. 3 shows BLER performance depending on various SNRs between Veh. #1 and the RX shown in Fig. 1. Here, the relative velocity of Veh. #1 and the RX is 3 km/h and SNR of this link is 3dB. The relative speed of Veh. #3 and the RX is 280 km/h. It is also assumed that the resources for PSSCHs of Veh. #1 and Veh. #3 are contiguous in frequency domain. It is also found from Fig. 3 that BLER performance can degrade if SIR is quite much poor (e.g., –24 dB).
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Figure 3: BLER performance depending on various SNRs between Veh. #1 and the RX shown in Fig. 1. 
Observation 2: In a highway scenario, ICI can give much impact on BLER performance when SIR is quite poor, e.g., when a vehicle communicates with some vehicles travelling in the opposite lanes and vehicles travelling in the same direction.
Fig. 4 shows BLER performance depending on various gaps between PSSCH of Veh. #1 and PSSCH of Veh. #3. It can be found that ICI impact on BLER performance can be marginal as long as the resources for PSSCH of Veh. #1 and PSSCH of Veh. #3 are not adjacent in frequency domain.
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Figure 4: BLER performance depending on various gaps between PSSCH of Veh. #1 and PSSCH of Veh. #3.
Observation 3: In a highway scenario, ICI impact on BLER performance could be marginal as long as vehicles traveling with opposite directions don’t select adjacent resources in frequency domain.

We provide BLER performance depending on various parameters to investigate ICI impact on V2V but we think that the severity of ICI problem could also be affected by other factors such as density of vehicles, resource allocation mechanism [4], hopping patterns [5], the number of PRBs, and etc. So, further evaluations taking into account these various factors are needed.
Observation 4: In a highway scenario, various factors such as density of vehicles, resource allocation mechanism, hopping patterns, the number of PRBs could affect the severity of ICI and thus further evaluations taking into account these factors are needed.
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Conclusion
This document provides BLER performance depending on various parameters to investigate ICI impact on V2V. We made following observations:
Observation 1: There will be an ICI problem between PSSCH transmitted from a vehicle moving in an opposite lane and PSSCH transmitted from a vehicle traveling in the same lane.

Observation 2: In a highway scenario, ICI can give much impact on BLER performance when SIR is quite poor, e.g., when a vehicle communicates with some vehicles travelling in the opposite lanes and vehicles travelling in the same direction.
Observation 3: In a highway scenario, ICI impact on BLER performance could be marginal as long as vehicles traveling with opposite directions don’t select adjacent resources in frequency domain.

Observation 4: In a highway scenario, various factors such as density of vehicles, resource allocation mechanism, hopping patterns, the number of PRBs could affect the severity of ICI and thus further evaluations taking into account these factors are needed.
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