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1 Introduction

In RAN1#92, 64QAM was discussed with following working assumption [1]:
Working assumption

· TBS scaling (<1) is applied with additional MCS indices in ‘Modulation and TBS index table’ 

· Number of additional MCS indices is three

· Additional TBS values which will be down-selected from Table 7.1.7.2.1-1 in 36.213

· FFS downselected TBS values

· Select the scaling factor <1 so as to avoid reducing the peak SE (after adding additional MCS values above 28) compared to MCS 28 with scaling factor 1

· FFS the exact scaling factor. 

This contribution will discuss how to determine the value of the TBS scaling factor and the entries to be introduced to the TBS table.

2 Discussions 
The MCS table used in Rel-14 sidelink transmission is designed for PUSCH transmission where 12 SC-FDMA symbols are available. Due to the increased number of DMRS symbols, the existence of GAP symbol and AGC symbol, the available number of SC-FDMA symbols for PSSCH is only 8, which results in that some 
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leads to undesirable high effective channel code rate larger than 0.932 when one reception is used for decoding, although effective coding rate for two transmissions are smaller than 0.932 in all 
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indices.
After the discussion in the RAN1#90bis meeting, it was agreed that a modified MCS table with TBS scaling operation is used to address this issue. Modified MCS table implies that the switching point from QPSK to 16QAM is advanced from MCS index 10 to MCS index 9, and the switching point from 16QAM to 64QAM is advanced from MCS index 20 to MCS index17. After the modification, the high effective coding rate issue for MCS index 10, and 18~20 is addressed, but the effective coding rate for MCS indices 24~28 are still larger than 0.932. TBS scaling operation with a scaling factor smaller enough can reduce the maximum effective coding rate of all MCS indices lower than 0.932, however, it may introduce additional issue, e.g. unbalance between PSSCH coding rate and PSCCH coding rate, small SNR granularity between adjacent PSSCH spectrum efficiency and spectrum efficiency degradation in two transmissions case.  In last RAN1 meeting, a compromised working assumption was achieved. Based on the working assumption, a scaling factor smaller than 1 is used to minimize problematic 
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in one transmission case, and introduce 3 new entries to compensate spectrum efficiency loss caused by the scaling factor. 
We evaluated the maximum spectrum efficiency and the average spectrum efficiency for one transmission case that can be achieved with different scaling factors, and the results are shown in Figure 1. Here, maximum spectrum efficiency and average spectrum efficiency are calculated only on the PRB numbers that can be used for PSSCH transmission (i.e. PRB numbers equal to 
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), and effective coding rate smaller than 0.932 after scaling. It can be seen that in contrast to no scaling (scaling factor equal to 1), scaling factor smaller than 1 can bring additional gain in terms of both maximum spectrum efficiency and average spectrum efficiency for one transmission case. 
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Figure 1 Max and average spectrum efficiency vs. scaling factors
There are 5 peak points in the figure, the corresponding information are summarized in the table below. 
	Scaling Factor
	Max SE
	Average SE
	Max usable MCS/TBS index
	Problematic MCS

	1
	2.8352
	2.7977
	23/21
	10, 18~20, 24~28

	0.981
	2.97
	2.8299
	24/22
	19~20, 25~28

	0.925
	2.97
	2.8559
	25/23
	19~20, 26~28

	0.872
	2.96
	2.853
	26/24
	20, 27~28

	0.836
	2.9528
	2.8754
	27/25
	20, 28

	0.719
	2.9528
	2.8278
	28/26
	　


On the other hand, in order to compensate spectrum efficiency loss, entries of 
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= 30, 31, 32 in Table 7.1.7.2.1-1 are preferable to be introduced, since max spectrum efficiency of
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= 27, 28, 29 are smaller than or similar as 
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= 26. To avoid reducing the peak SE (after adding additional MCS values above 28) compared to MCS 28 with scaling factor 1, the scaling factor should be larger than 4.1876/4.8251=0.8679 (4.1876 is the max SE of 
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=26, and 4.8251is the max SE of 
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=32). Considering also the spectrum efficiency in one transmission case, scaling factor 0.872 should be used.
Proposal 1: Use scaling factor 0.872 for PSSCH TBS determination, and introduce entries of
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= 30, 31, 32 from 7.1.7.2.1-1 to ‘Modulation and TBS index table’ for sidelink 64QAM. 
Considering that the required SINR for different modulation order is quite different, especially for 64QAM, it is desirable to select resources with relatively higher SINR for acceptable performance. When a UE performs resource selection/reselection, it excludes a resource in step 2 based on the PSSCH-RSRP measurement and the corresponding PSSCH-RSRP threshold. Lower threshold means higher probability to exclude this resource, thus lower collision probability. Consequently, by setting lower PSSCH-RSRP threshold in step 2 for 64QAM could improve SINR. Alternatively, reducing the percentage of remaining resources after sensing step 2 and step 3 can bring down the average S-RSSI of candidate resources, which may equivalently increase SINR for 64QAM transmission.  
Proposal 2: Study proper sensing parameter setting for resource selection/reselection to protect 64QAM transmission. 

3 Conclusions
In this contribution, we provide our views on supporting 64QAM in Rel-15 V2X with the condition to co-exist with Rel-14 V2X UEs in the same resource pool. The proposals are:
Proposal 1: Use scaling factor 0.872 for PSSCH TBS determination, and introduce entries of
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= 30, 31, 32 from 7.1.7.2.1-1 to ‘Modulation and TBS index table’ for sidelink 64QAM. 
Proposal 2: Study proper sensing parameter setting for resource selection/reselection to protect 64QAM transmission. 
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