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Introduction
In the RAN1#90bis meeting [1] of eV2X, the following agreements and working assumption were achieved for supporting 64QAM modulation scheme.
	[bookmark: _GoBack]Agreement:
· For PSSCH, specifications support rate-matching applied over the last symbol for all modulation orders.
· Rate-matching is applied for all MCSs
· Use of Rel-15 format is signaled in the SCI (FFS signaling details)
Note: When a Rel-15 UE transmits a message that needs to be received by Rel-14 UEs, it shall use the Rel-14 format.

Agreement: For the last symbol of PSSCH, rate-matching is always applied when the Rel-15 MCS table is used. Puncturing is always applied when the Rel-14 MCS table is used. 

Agreement: confirm the WA of last meeting: No change to the 5-bit MCS field in existing SCI-1 is needed to support 64QAM 

Agreement: 
· Introduce a modified MCS table, with TBS scaling applied
· A value of 1 is not precluded for TBS scaling
· FFS scaling factor value, and if coding rates >0.932 are allowed
· WA: One scaling factor is applied to all MCS values
Note: for communication of Rel-15 UEs with Rel-14 UEs, the Rel-14 MCS table is used



In this contribution, we will further discuss about the remaining issues of 64QAM modulation scheme in eV2X.
Discussion
According to one of the agreements in last meeting, a modified MCS table with TBS scaling method is introduced to solve the issue of high coding rate. Some earlier contributions [2][3] have discussed about the details of MCS table modification, where the modulation order for MCS Indexes 18, 19 and 20 are changed from 4 to 6. The MCS table modification not only preserves the monotonic behaviour of spectral efficiency vs. MCS, but also makes the MCS Index from 18 to 29 available to support 64QAM. However, MCS Index 24-28 still have a coding rate that is higher than 0.932, which may lead to UE decoding failure.
By considering the scaling factor and whether coding rate can be larger than 0.932, there are three options that need to be discussed.
Option 1: Coding rates >0.932 are not allowed; a scaling factor value should be determined and applied to all MCS values.
Within a PSSCH subframe, 8 out of 14 SC-FDMA symbols are available for decoding, while in the rest symbols 4 for DMRS, 1 for Automatic Gain Control (AGC) and 1 for GP. When the first symbol (AGC) is counted, 9 symbols among 10 usable symbols in a subframe are available, then a scaling factor 0.9 can be used. When the first symbol (AGC) is not counted, the scaling factor is 0.8. Based on the calculation in Table 1, even the scaling factor is 0.8, MCS Index 28 still has a code rate 1.0222 that is higher than 0.932. To make all of the MCS Index usable for Rel-15 UE, a scaling factor α should be less than 0.728, which can make sure code rate of MCS Index 28 is less than 0.932. Furthermore, if more than one scaling factor is applied to all MCS values, separate schemes according to different scaling factors should be applied, which may increase the complexity. Therefore, one scaling factor is applied to all MCS values. However, while applying the scaling factor 0.728 to all of the MCS values with the relative TB size, it causes other normal coding rate decreased unfairly.
Option 2: Coding rates >0.932 are not allowed; a scaling factor value should be determined and applied to the MCS values with coding rates >0.932.
With the consideration of Option 2 that applying scaling factor to all of the MCS values can lead to coding rate of normal MCS Indexes decreased unfairly, another possible way is applying the scaling factor to the MCS Indexes with coding rate larger than 0.932 (i.e. MCS Indexes 24-28). When MCS indexes are less than 24 with coding rate less than 0.932, no scaling factor is needed. However, this may cause two different mechanisms in one MCS table by supporting 64QAM modulation, which introduces extra standardization work.
Option 3: Coding rates >0.932 are allowed, and no scaling factor is needed.
For single transmission of V2X PSSCH with 64QAM modulation, the existing MCS Indexes 24-28 with relative TB size suffer from high coding rate that is higher than 0.932, which may lead to UE decoding failure. When coding rate >0.932, the transmission will be dropped. Other MCS Indexes (e.g. 18-23) still can be applied for transmission. Therefore, when coding rates are larger than 0.932, the transmission with 64QAM will be dropped, and no scaling factor is needed.
Base on above analysis, from the standardization effort perspective, we propose that option 3 should be employed for the case that coding rate is larger than 0.932. 
Proposal 1: When coding rates is larger than 0.932, the transmission with 64QAM is dropped, and no scaling factor is needed.

Table 1. Channel coding rate of the MCS types with 64QAM for single transmission
	MCS Index
	21
	22
	23
	24
	25
	26
	27
	28

	Code rate
α=1
	0.7593
	0.8148
	0.8704
	0.9333
	1.0185
	1.0556
	1.0926
	1.2778

	Code rate
α=0.9
	0.6833
	0.7333
	0.7834
	0.8400
	0.9167
	0.9500
	0.9833
	1.1500

	Code rate
α=0.8
	0.6074
	0.6518
	0.6963
	0.7466
	0.8148
	0.8445
	0.8741
	1.0222

	Code rate
α=0.72
	0.5467
	0.5867
	0.6267
	0.6720
	0.7333
	0.7600
	0.7867
	0.9200



Conclusion
In this contribution, further discussion and analysis based on the agreements in the last meeting were given, and this contribution provides the following proposals:
Proposal 1: When coding rates is larger than 0.932, the transmission with 64QAM is dropped, and no scaling factor is needed.
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