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1
Introduction

During the last RAN1 meeting, the following agreement related to supporting 64-QAM was reached. 
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.

· 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. 

· Confirm the WA of last meeting: No change to the 5-bit MCS field in existing SCI-1 is needed to support 64QAM 
· 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 further discuss the MCS table and TBS scaling issue. 
2
Design of MCS/TBS table for R-15
Some desired properties of MCS/TBS tables for R-15 V2V are as follows.
1. Spectrum efficiency is monotonically non-decreasing with the MCS index

2. The required SNR to achieve a target BLER (e.g., 1% BLER) is non-decreasing with the MCS index
To obtain these properties, we propose that the TBS table is unchanged from R-14 V2V (i.e., the scaling factor = 1), but the MCS table is changed. The new MCS table should follow a similar pattern as R-14. As shown in the left-hand-side of Table 1, in the R-14 MCS table, when the modulation order switches from a lower value to a higher value, there are two “boundary” MCSs with the same TBS size (for example, MCS 10 and 11 both have TBS size 10). So, our task is to find the proper switching point of modulation such that property 2 is satisfied.
To determine the modulation switching points for QPSK, 16QAM, and 64QAM, we conduct simulations with AWGN channel, 1 Tx antenna, and 2 Rx antennas. The number of PRB pairs is 10 or 18. No time/frequency offset is simulated but the receiver algorithm enables time/frequency offset estimation and correction. Also, according to the agreement recited in Section 1, rate-matching is applied over the last symbol (so 9 data symbols contain the codeword). The results for 10 PRB pairs are shown in Figure 1, where the SNRs (dB) required to achieve 1% BLER with different modulation schemes are plotted, assuming either no puncturing of the first symbol (Figure 1(a)) or puncturing of the first symbol due to AGC (Figure 1(b)). Since we only need to find the switching point between QPSK, 16QAM, and 64QAM, not all modulations for each TBS index are simulated. In Figure 2, the results with 18 PRBs are given.
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(a) First symbol not punctured                                             (b) First symbol punctured

Figure 1. Required SNR for 1% BLER, 10 PRB pairs
Based on Figure 1(a), the switching point between QPSK and 16QAM can be TBS 9, because TBS 9 is the largest TBS size for which QPSK still outperforms 16QAM. Similarly, the switching point between 16QAM and 64QAM can be TBS 17. Choosing these switching points satisfies Property 2. However, Figure 1(b) shows that if the first symbol is punctured, the required SNRs are more irregular. For example, with 16QAM, the required SNRs are not entirely monotonic with TBS size. For TBS 14, 16QAM has an error floor and cannot achieve 1% BLER, so the required SNR is not plotted for this point. Based on Figure 1(b), TBS 9 and TBS 17 as the switching points may be too high. For example, for TBS 17, 64QAM clearly outperforms 16QAM, so using 16QAM for TBS 17 is not desirable.
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(a) First symbol not punctured                                             (b) First symbol punctured

Figure 2. Required SNR for 1% BLER, 18 PRB pairs

Figure 2 with 18 PRB pairs shows a similar pattern. Based on Figure 2(a), the switching points can be TBS 10 and TBS 17. These switching points are roughly the same as the case of 10 PRB pairs without puncturing, which indicates that the dependency on PRB size is minimal. Based on Figure 2(b), however, the switching points should be lower. 
Note that due to the irregularities introduced by puncturing, it may not be feasible to satisfy Property 2 for every MCS and every PRB size, but it is feasible to satisfy Property 2 in most cases. In practice, the first symbol may or may not be punctured, so we need to make a compromise between the two possibilities. In view of Figure 1 and Figure 2, choosing TBS 8 and TBS 16 as switching points is a good compromise. Therefore, we make the following proposal.
Proposal 1: For R-15, the TBS table of R-14 is reused. The MCS table of R-14 is modified according to Table 1. 

Table 1: Proposed MCS table for R-15, contrasted with legacy R-14 MCS table

	Legacy R-14 MCS table (Table – A) 
[Table 8.6.1-1 in 36.213]
	Option 2 MCS table for R-15 (Table – B)

	MCS Index
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Note: For R-14, modulation order Qm = min(4, Qm’)
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With our proposal, the coding rates of some MCSs are too high to be supported by one transmission. For example, Figure 1(b) shows that with 10 PRB pairs and the first symbol punctured, MCS 25 (with 64QAM and TBS 23) and above cannot be supported by one transmission and a retransmission is needed. 
Observation 1: For some high MCSs, retransmission is needed.
However, we believe that there is no need to apply a scaling factor that is smaller than 1 to the TBS table, for the following three reasons.

1. There is no need to support PSSCH with very low coding rate. Specifically, the current PSCCH coding rate is (32+16)/(2*12*9*2) = 0.1111, where “16” is the number of CRC bits in PSCCH. Under our proposal, the coding rate of PSSCH MCS 0 is (256+24)/(10*12*9*2) = 0.1296, which is already very close to the coding rate of PSCCH. 
2. As shown in Figure 1 and Figure 2, the range of SNRs sampled by the MCSs is sufficient, including very low SNRs (e.g., -7dB) and high SNRs (e.g., 20dB).
3. Under high speeds, in many cases PSSCH may need retransmission which reduces the spectrum efficiency. If a scaling factor that is smaller than 1 is applied to the TBS table, the spectrum efficiency is further lowered which is unnecessary.

Observation 2: There is no need to apply a scaling factor that is smaller than 1 to the TBS table.

Proposal 2: Use TBS scaling factor of 1.
3
Conclusion

In this contribution, we make the following observations and proposal for the MCS/TBS tables of R-15. 
Proposal 1: For R-15, the TBS table of R-14 is reused. The MCS table of R-14 is modified according to Table 1. 
Observation 1: For some high MCSs, retransmission is needed.
Observation 2: There is no need to apply a scaling factor that is smaller than 1 to the TBS table.
Proposal 2: Use TBS scaling factor of 1.
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