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1
Introduction

During RAN#75, the 3GPP V2X Phase 2 Work Item [1] was agreed on. One of the objectives of the WI is as follows.

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]

a) Carrier aggregation (up to 8 PC5 carriers);

b) 64QAM;

c) Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;
d) Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;
In this contribution we discuss the support of 64-QAM in LTE V2V/V2X. The structure of this contribution is as follows:

· Section 2 provides the performance results of 64-QAM.
· Section 3 concludes this contribution. 

2
Performance evaluation of 64-QAM
In this section we provide link-level simulation results of 64-QAM. The simulation assumptions are similar to those used in Rel-14 V2V/V2X study. There is 1 Tx antenna and 2 Rx antennas. Two vehicle UEs move towards each other with some speed (15, 70, or 140km/h). For small-scale fading, the SCM UMi NLOS model is used. The carrier frequency is 5.9GHz. The transmitter and receiver each has a frequency offset which is uniformly random in [-600, 600] Hz.
Consider the MCSs already defined in Table 8.6.1-1 in 3GPP 36.213 [2]. The table shows that the minimum MCS index that uses 64-QAM (i.e., Qm’ = 6) is IMCS = 21, and the corresponding TBS index is 19. With TBS index 19, we choose to use 6 RBs to carry 2600 information bits according to Table 7.1.7.2.1-1 [2], which is the closest to 300 Bytes. Figure 1 shows the performance at speed 15km/h, 70km/h, and 140km/h. We have the following observation.

Observation 1: With 64-QAM, the SNR required to achieve a reasonable BLER is relatively high. Also, error floors exist for higher speed such as 70km/h and 140km/h. Therefore, 64-QAM is suitable for low speed and can only be reliably received by nearby UEs. 
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Figure 1: Link-level performance of 64-QAM
On the other hand, supporting high MCSs with 64-QAM reduces resource usage and provides high throughput. Therefore we make the following proposal.
Proposal 1: Support 64-QAM in LTE V2V/V2X. 
To indicate the MCS level in PSCCH, the PSCCH format needs no change. Specifically, the MCS field in PSCCH has 5 bits which can indicates any MCS in Table 8.6.1-1 [2]. Note that for Rel-14 UEs, the highest modulation is 16-QAM, as specified in [2] (Section 14.1.1):
For
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, the modulation order is set to 
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is determined from Table 8.6.1-1.
Therefore, when Rel-15 and Rel-14 UEs coexist, and if the Re-15 UE uses 64-QAM to transmit a message, the Rel-14 UE would try to decode the PSSCH assuming 16-QAM modulation after receiving the PSCCH. The decoding effort would fail since the actual modulation is 64-QAM. This is OK since Rel-14 does not support 64-QAM, but the only disadvantage is the unnecessary decoding effort (i.e., processing cost) by Rel-14 UEs. 
Proposal 2: To support 64-QAM, the PSCCH format needs no change. 
3
Conclusion

In this contribution we discussed the support of 64-QAM in LTE V2V/V2X. We made the following observation and proposals.
Observation 1: With 64-QAM, the SNR required to achieve a reasonable BLER is relatively high. Also, error floors exist for higher speed such as 70km/h and 140km/h. Therefore, 64-QAM is suitable for low speed and can only be reliably received by nearby UEs. 
Proposal 1: Support 64-QAM in LTE V2V/V2X. 

Proposal 2: To support 64-QAM, the PSCCH format needs no change. 
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