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Introduction
In WID of V2X Phase 2 on the RAN#75 meeting [1], the following detailed objective for 64QAM has been specified:
The detailed objectives of this work item are as follows:
1. Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]
b) [bookmark: _GoBack]64QAM;
In this contribution, introduction of 64QAM scheme in V2X Phase2 is discussed and relative simulation results are provided.
Discussion
Higher modulation scheme for V2X Phase 2
In Rel-14 LTE-based V2X, by assuming number of PRB  and , the allowed maximum modulation order is 16QAM, and the maximum payload size is 31706 bits (approx. 3963 bytes). 
Based on the new SA requirements on enhanced V2X [2], higher data rate should be supported as one of the key objectives. For example, with communication between eV2X UEs or between UE and RSU, to support limited automated driving, it requires up to 6000 bytes with high reliability. It is expected that solutions for higher data rate can be investigated. 64QAM modulation would be one of them in some potential scenarios considering quite short distance and good channel environment could happen between cars, e.g. for platooning and advanced driving. 64QAM modulation could support approximate 1.5 times of the payload size by comparing with 16QAM under the similar working assumption.
Observation 1: 64QAM is one of solutions to improve high data rate in some scenarios, e.g. for platooning and advanced driving.

For the Rel-14 LTE-based V2X, a 5 bits field for modulation and coding scheme has been defined. However, a limitation condition has been set as the modulation order is set to , which means 64QAM cannot be applied to all UEs. When channel condition and corresponding scenario is suitable to Rel-15 UEs for communication with 64QAM to further improve high data rate, the limitation should be released. Since legacy UE cannot recognize this released limitation, the data transmitted from Rel-15 UE with 64QAM cannot be decoded. Therefore message carried by 64QAM shall not be the road safety message which must be received by Rel-14 UEs. 
Proposal: Release the current modulation order limitation can be one of the solutions to support 64QAM for new release UEs to transmit new type of messages in eV2X.
Link level simulation and result
In order to verify the 64QAM performance in V2X phase 2, some relative link level simulation based on the assumption given in Table 1 has been done, which is mostly the same as that in [4]. Two channel models, LOS and NLOS, are simulated and compared. Furthermore, two relative speeds are chosen for simulation, while the absolute speed is 70km/h and 120km/h. The simulation is also based on single transmission.
Table 1. Simulation assumption
	Bandwidth 
	10M 

	Carrier frequency
	6.0GHz

	Number of antenna
	1 TX and 2 RX

	channel
	LOS/NLOS

	Modulation 
	64QAM

	Coding 
	Turbo,1/2

	TB size
	8504bits without GP

	Number of Occupied PRB
	20

	Relative speed
	140km/h,240km/h

	Channel estimation criteria
	LS

	Retransmission
	off



Figure 1 shows the link level simulation result for 64QAM based on the assumption in the Table 1 above. Without retransmission, the best performance is under relative speed of 140km/h and LOS channel model.
For the relative speed 140 km/h under LOS channel model, 64QAM can support the BLER less than   when the SNR is larger than 16dB. Also for NLOS under this speed, the BLER is 0.25 with the SNR is 22. If the retransmission is enabled, we can assume 3dB enhancement for this result. For the higher relative speed of 240 km/h, error floor seems to appear in the result. Since the speed increases, carrier frequency interference caused by Doppler effect becomes larger, which lead to high BLER in this results. 64QAM would be affected by high relative speed (e.g. higher than 140 km/h) and NLOS channel model. 
Observation 2: Channel condition of NLOS can significantly degrade the 64QAM performance compared with the case of LOS.
Observation 3: High mobility speed can significantly degrade the 64QAM performance for both LOS and NLOS in V2X Phase 2.
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Figure 1. 64QAM simulation result under LOS and NLOS with two different speeds
Conclusion
In this contribution, 64QAM for V2X Phase 2 is investigated in order to achieve higher data rate and reliability. By analyzing some requirements and use cases of eV2X, this contribution provides the following observations and proposal:
Observation 1: 64QAM is one of solutions to improve high data rate in some scenarios, e.g. for platooning and advanced driving.
Proposal: Release the current modulation order limitation can be one of the solutions to support 64QAM for new release UEs to transmit new type of messages in eV2X.
Observation 2: Channel condition of NLOS can significantly degrade the 64QAM performance compared with the case of LOS.
Observation 3: High mobility speed can significantly degrade the 64QAM performance for both LOS and NLOS in V2X Phase 2.
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