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1.  Introduction 

In RAN#75, the objectives for LTE V2X Phase 2 have been specified and 64QAM is within the scope [1].  In RAN1#88bis, there are some contributions submitted about the introduction of 64QAM but there are no online discussions.  In this contribution, we provide our initial simulation results about 64QAM for LTE V2X Phase 2 and our corresponding observations and proposals.
2.  Link-Level Simulation and Observations
2.1 Simulation Assumptions
The parameters and assumptions used for the link level simulation are provided in Table 1 as follows.
	Parameters
	Assumptions

	System bandwidth
	10 MHz

	Carrier frequency
	6 GHz

	Channel model
	ITU-R UMi NLOS/LOS

	Antenna configuration
	1 antenna @ transmitter
1 antenna @ receiver

	UE relative speed
	{15,60,120,250} km/h

	Frequency offset estimation
	FFO (Fractional carrier Frequency Offset) estimation

	Channel estimation 
	MMSE

	TBS
	2600bits

	Simulation Time
	15000 TTI


Table 1. Parameter setting of link level simulation
2.2 Simulation Results
2.2.1 BLER vs. SNR without frequency offset estimation
In the simulation, we firstly evaluated the case without frequency offset compensation.  The results shows that frequency offset compensation is needed for V2X UEs.
2.2.2 BLER vs. SNR with frequency offset estimation

The simulation results for different V2X UE speed are provided in Figure 2, 3, 4, and 5 respectively.  

In Figure 2, the V2X UE speed is 15km/h. It can be observed that for single transmission, the BLER is around 0.1 when SNR value is 25 dB.  With multiple transmissions e.g. 4, BLER can be decreased to around 0.001. Similar pattern could be observed in Figure 3~5. 
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Figure 1. BLER v.s. SNR without frequency offset compensation
Figure 2. BLER v.s. SNR with V-UE Speed as 15kmh
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Figure 3. BLER v.s. SNR with V-UE Speed as 60kmh
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Figure 4. BLER v.s. SNR with V-UE Speed as 120kmh

Figure 5. BLER v.s. SNR with V-UE Speed as 250 kmh
From the simulation results, we have the following observations:
From the simulation result in Figure1, it can be observed that with 64-QAM the SNR required to achieve a reasonable BLER is relatively high. The link-level performance can be improved when proper frequency offset estimation and compensation methods are adopted (as shown in Figure 2~5). Moreover, for single transmission, 64QAM cannot achieve the BLER accuracy of 0.001 at high speeds with the current V2X physical layer design. When multi-transmission mechanisms are introduced, the BLER can reach the accuracy of 0.001 without relative high SNR. 
Observation 1: With proper frequency offset estimation and compensation methods, the link-level performance of 64QAM used in V2X scheme can be improved.

Observation 2: For single transmission, 64QAM cannot achieve the BLER accuracy of 0.001 at high speeds with the current V2X physical layer design.  With multi-transmission, the link-level performance of PSSCH based on 64QAM modulation can be improved. 
3. Conclusions
In this contribution, we provide link-level simulation results for V2X with 64 QAM. Based on these simulation results, we have the following observations:
Observation 1: With proper frequency offset estimation and compensation methods, the link-level performance of 64QAM used in V2X scheme can be improved.

Observation 2: For single transmission, 64QAM cannot achieve the BLER accuracy of 0.001 at high speeds with the current V2X physical layer design.  With multi-transmission, the link-level performance of PSSCH based on 64QAM modulation can be improved. 
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