3GPP TSG-RAN WG1 #90bis                                                          
            R1-1718127
Prague, Czech Republic, 9-13 Oct 2017
Agenda item:
6.2.3.2
Source: 
Qualcomm Incorporated

Title: 
Support of 64-QAM for V2X Phase 2
Document for:     Discussion/Decision
1
Introduction

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

· Differentiation of Rel-15 transmission using 64-QAM and Rel-14 transmission is signaled in the SCI
· No change to the 5-bit MCS field in existing SCI-1 is needed to support 64QAM 

Agreement: select one of the following four options:

· Option 1: Use existing MCS table with TBS scaling
· Option 1a: with scaling for 64-QAM only
· Option 1b: with scaling for all MCSs
· Option 2: Introduce a modified MCS table for Rel-15 V2X UE
· Option 3: Use existing MCS table with no TBS scaling
In this contribution, we discuss the pros and cons of different options and propose the preferred option. 
2
Design choice of MCS/TBS table for 64QAM

It has been known that some of the MCS for 64 QAM are unusable (with BLER = 1) with single PSSCH transmission as the coding rate exceeds 0.931 (e.g. R1-1704684, R1-1705296). This happens since the overhead for V2V PSSCH transmission is high (4 DMRS, last symbol punctured for Tx/Rx turnaround, and 1 symbol potential punctured at Rx for AGC). To address this problem, several options have been discussed, as listed in Section 1. We now discuss the pros and cons of each option.
	· Option 1: Use existing MCS table with TBS scaling

· Option 1a: with scaling for 64-QAM only

· Option 1b: with scaling for all MCSs


There are two issues with Option 1a. 
First, there is a sudden drop in the spectral efficiency (SE) at the boundary of 16QAM to 64QAM. This is illustrated in Figure 1 for NRB = 50 (for example purpose). The SE vs MCS will no longer be monotonic (non-decreasing), which is undesired as we then have two MCS with different modulation schemes that yield the same SE. This leads to wastage of MCS/SE’s since the transmitter UE will statically choose of the two MCSs that yield the same SE for its transmissions (since all transmissions and broadcast without feedback) as one will always be better than the other based on the desired operating point. In other words, this leads inefficient sampling of the entire SE range available since there are some MCS pairs that yield the same SE.
Second, the effective coding rates of some 16QAM MCSs still exceed 0.931. Specifically, Figure 2 plots the effective coderate for PSSCH with Rel-14 MCS table by considering the overhead of 6 symbols (4 DMRS, the first and last symbol), i.e., 8 useful symbols. It can be seen that the effective code rate exceeds 0.931 for MCS-18, MCS-19, MCS-20 for 16 QAM.
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Figure 1: TBS scaling for 64QAM only will lead to non-monotonic behaviour of SE vs MCS
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Figure 2: Effective coding rate vs MCS for PSSCH (single transmission) with Rel-14 MCS table
With Option 1b, since TBS scaling is done for all modulation schemes, the two issues with Option 1a can be resolved. Note that if a Rel-15 UE uses this modified TBS table to transmit QPSK or 16QAM signal, the signal cannot be decoded by Rel-14 UEs, because Rel-14 UEs do not understand the differentiation of Rel-14 and Rel-15 transmissions indicated in SCI (as per the working assumption) and regard a Rel-15 transmission as a Rel-14 transmission. But the Rel-15 UE can always use Rel-14 MCS to communicate with Rel-14 UEs and indicate it accordingly in the SCI (so that other Rel-15 UEs know it’s a Rel-14 transmission). 
However, Option 1b requires that the whole TBS table be changed (either as a new table or as a scaling function), and the exact TBS numbers in the table should be chosen to ensure acceptable decoding performance. This requires significant evaluation work for standardization.

Observation 1: Option 1a is not a desired solution as it will lead to non-monotonic behaviour of SE vs MCS. Option 1b can avoid these issues, but needs significant evaluation work for standardization effort.
	· Option 2: Introduce a modified MCS table for Rel-15 V2X UE


We proposed this option in earlier contributions (e.g., R1-1713031). As shown in Figure 2, the effective coderate exceeds 0.931 for MCS-18, MCS-19, MCS-20 for 16 QAM and MCS-24 through MCS-28 for 64QAM. Option 2 simply changes the switching point from 16QAM to 64QAM to MCS 18. The benefits of Option 2 are following: (1) it requires no change to the R-14 TBS table; (2) it preserves the monotonic behaviour of SE vs. MCS; (3) it makes MCS-0 through MCS-23 usable with a single transmission. MCS-24 and up still exceed 0.931 coderate and can thus be used with HARQ. 

The modified MCS table and the effective code rate is illustrated in Table 1 and Figure 3.
Table 1: Proposed Option 2 MCS table for R-15 for 64QAM support, 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)
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Figure 3: Effective coding rate vs MCS for PSSCH (single transmission) with Option 2 (green curve)
Observation 2: Option 2 is a simple and effective solution as it requires only minor changes the MCS table. Option 2 preserves the monotonic behaviour of SE vs. MCS and makes MCS-0 through MCS-23 usable with a single transmission. 
	· Option 3: Use existing MCS table with no TBS scaling


With Option 3, only MCS-21, 22, 23 are usable with a single 64QAM transmission (i.e., effective code rate lower than 0.931). Higher MCSs requires HARQ. MCS-18, 19, and 20 for 16 QAM also require HARQ. The use of HARQ effectively reduces the spectral efficiency.
Observation 3: With Option 3, many MCSs are not usable with a single transmission and therefore require HARQ. This effectively reduces spectral efficiency.

According to the above discussion we make the following proposal.

Proposal 1: Adopt Option 2 for 64QAM support, i.e., introduce a modified MCS table for Rel-15 V2X UE without changing the TBS table.
3
Conclusion

In this contribution, we make the following observations and proposal for the support of 64-QAM in LTE V2X. 
Observation 1: Option 1a is not a desired solution as it will lead to non-monotonic behaviour of SE vs MCS. Option 1b can avoid these issues, but needs significant evaluation work for standardization effort.  

Observation 2: Option 2 is a simple and effective solution as it requires only minor changes the MCS table. Option 2 preserves the monotonic behaviour of SE vs. MCS and makes MCS-0 through MCS-23 usable with a single transmission. 

Observation 3: With Option 3, many MCSs are not usable with a single transmission and therefore require HARQ. This effectively reduces spectral efficiency.

Proposal 1: Adopt Option 2 for 64QAM support, i.e., introduce a modified MCS table for Rel-15 V2X UE without changing the TBS table.
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