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1 Introduction

At TSG RAN Meeting #75, the V2X phase 2 WI was approved with the following objectives [1]:

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]

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 impact of supporting 64QAM, and provide link-level simulations to show the performance of a V2X system with 64QAM modulation. 
2 Impact of supporting 64QAM
Supporting 64QAM modulation has no impact on SA format. According to [1], 5 bits are used for indication of modulation and coding scheme in SCI format 1. With the 5 bits in SA, 32 MCSs can be signaled, which are enough to indicate the 28 MCS levels of Table 8.6.1-1 in [2]. Hence, using the Rel-14 UE unused state of the modulation and coding scheme field in SA can indicate all the MCS levels with 64QAM modulation. Moreover, supporting 64QAM does not require any change to the reference signal for PSCCH. Thus, Rel-14 UEs can still decode the SA for an allocation with 64QAM modulation. A Rel-14 UE decoding an SA with an unsupported MCS cannot decode the corresponding data. However, from decoding the SA, the Rel-14 UE would be able to determine the occupied resources. In addition, supporting 64QAM does not impact PSSCH-RSRP measurement of Rel-14 UEs since the reference signals do not need to be modified. Thus, Rel-14 and Rel-15 UEs can coexist in the same pool without any impact on sensing based resource selection.
Proposal 1: The modulation and coding scheme field in the SA is used to indicate the MCSs with 64QAM modulation.
Proposal 2: UEs supporting 64QAM can co-exist in the same resource pools as Rel-14 UEs without any impact on legacy UEs.
3 Link-level performance
Table 1 gives an evaluation of the coding rate at the receiver for MCSs with 64QAM. Table 8.6.1-1 of TS 36.213[2] defines the relation between MCS and TB size for PUSCH and is the baseline for PSSCH.

 For PUSCH, 12 out of 14 OFDM symbols in a subframe are used for decoding. For PSSCH, only 8 out of 14 OFDM symbols in a subframe are used for decoding. Thus, for the single transmission case, some coding rates at the receiver are higher than 1 for some MCSs (26, 27, 28). In addition, MCS25 has a coding rate higher than 0.931, thus may be ignored. Hence MCS 25 to 28 are not applicable for single transmission.
Table 1. Rough decoder perspective coding rate of the MCS types with 64QAM modulation
	number of transmissions
	MCS 21
	MCS 22
	MCS 23
	MCS 24
	MCS 25
	MCS 26
	MCS 27
	MCS 28

	1
	0.74
	0.80
	0.86
	0.93
	1.00
	1.06
	1.10
	1.28

	2
	0.37
	0.40
	0.43
	0.47
	0.50
	0.53
	0.55
	0.64

	3 
	0.25
	0.27
	0.29
	0.31
	0.33
	0.35
	0.37
	0.43

	4
	0.19
	0.20
	0.22
	0.23
	0.25
	0.27
	0.27
	0.32


Observation 1: MCSs 25 to 28 cannot be used on PSSCH for single transmission.
Figure 1 shows the evaluation results based on MCS 21. Relevant parameters are listed in Table 1 of the Appendix.
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Figure 1. Results for link-level performance of PSSCH based on MCS 21.
From the simulation result, it can be observed that the link-level performance of MCS 21 for single transmission is highly dependent on relative speed, and an error floor can be observed at 140kmph relative speed. This occurs because 64QAM modulation is more sensitive to phase noise and the coding rate of MCS21 for PSSCH is higher than that for PUSCH. Thus, for single transmission 64-QAM is restricted to low-speed cases.
Observation 2: For single transmission, 64QAM cannot be used at high speeds with the current V2X physical layer design.
From the simulation result, it can also be observed that retransmission can significantly improve the link-level performance. With retransmission, the speed constrain will be not very strict, and 64QAM can be suitable for more scenarios and serves.
Observation 3: Retransmission can significantly improve the link-level performance of PSSCH based on 64QAM modulation.

4 Conclusions
For supporting 64QAM for R15 sidelink, our proposals and observations are as follows:
Proposal 1: The modulation and coding scheme field in the SA is used to indicate the MCSs with 64QAM modulation.
Proposal 2: UEs supporting 64QAM can co-exist in the same resource pools as Rel-14 UEs without any impact on legacy UEs.
Observation 1: MCSs 25 to 28 cannot be used on PSSCH for single transmission.
Observation 2: For single transmission, 64QAM cannot be used at high speeds with the current V2X physical layer design.
Observation 3: Retransmission can significantly improve the link-level performance of PSSCH based on 64QAM modulation.
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Appendix. Simulation setting
Table 2. Parameter setting of link level simulation
	Parameters
	Assumptions

	System bandwidth
	10 MHz

	Carrier frequency
	6 GHz

	Channel model
	ITU-R UMi NLOS 

	Antenna configuration
	1 antenna @ transmitter
2 antennas @ receiver

	UE relative speed
	{30,120,140,160} km/h

	Number of transmissions
	{1,2}

	CFO
	1800Hz

	Timing error
	2us

	Frequency offset estimation
	Half-sequence correlation in time domain 

	Channel estimation 
	Linear interpolation

	TBS
	12960bits

	MCS 
	21


