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1 Introduction

In RAN plenary meeting #75, the WI on 3GPP V2X phase 2 was endorsed. 64QAM is considered as a way to enhance the peak data rates and V2X performance for phase 2 V2X. In RAN1#90, MCS/TBS table supporting 64QAM were discussed and the following was agreed [1],

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
This contribution compares the three options for MCS/TBS for 64QAM, and shows our preference.

2 Discussions 
MCS bit field in SCI 1 is 5 bits, which is capable of indicating all the MCS level specified for WAN UL transmission, i.e., from QPSK to 64QAM. Then, from control signaling point of view no additional effort is required to support 64QAM other than removing the restriction of 
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. Therefore, the working assumption of “No change to the 5-bit MCS field in existing SCI-1 is needed to support 64QAM” should be confirmed. 
Proposal 1: Confirm the working assumption of “No change to the 5-bit MCS field in existing SCI-1 is needed to support 64QAM”.
   In Rel-14 V2X, the TBS table for V2X simply reuses the table for Rel-8 LTE WAN (Table 7.1.7.2.1-1 in TS 36.213). In Rel-8, the table is designed based on the assumption of 120 REs per PRB for data transmission with 0 ≤ 
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≤ 25, while 136 REs per PRB with 
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=26 to meet the peak data rate requirement. However, for V2X, the available REs per PRB for data transmission is only 96 as shown in Figure 1. Consequently, some 
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 (or equivalently
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) leads to undesirable high effective channel code rate larger than 0.930. There is one 
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 of QPSK, three 
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 of 16QAM and up to five 
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 of 64QAM modulation may not be used to restrain channel code rate lower than 0.930, if PSSCH is received once. 
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Figure 1 Frame structure for PSSCH

One alternative to exploit the entire MCS indexes is to use multiple transmissions. Currently, one PSSCH can be transmitted once or twice with the explicit indication in SA, i.e., by “Time gap between initial transmission and retransmission” bit field. When PSSCH is transmitted twice, the effective coding rate can roughly be halved through re-transmission mechanism. Then, no additional standard effort is needed. However, sometime, UE may be incapable of receiving both copies of PSSCH, due to the restriction of half-duplex.  
Another alternative is to modify the MCS/TBS to fit 8 symbols. There’re two type of solutions discussed in last meeting. 

· Option 1: Use existing MCS table with TBS scaling

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

· Option 1b: with scaling for all MCSs
TBS scaling method is well-studied and broadly applied in several different topics in LTE system, e.g., LTE TDD DwPTS and ending subframe for DL LAA.  Apparently, the same mechanism can be directly reused for V2X to solve the same problem. The scaling factor can be 8/12. The difference between option 1a and option 1b is whether to optimize 64-QAM only or optimize all modulation orders. By scaling for all MCSs, there is no non-monotonic behaviour of SE vs MCS, and enables all MCSs for single PSSCH transmission. The cost is, one bit in SA should be used to differentiate the new table and legacy table to avoid Rel-15 Rx UE blind detection, e.g., reuse one reserved bit in SA. When PSSCH is also targeting Rel-14 UE, the legacy table without scaling should be used. If we can’t find one bit in SA as the flag, option 1a is applicable without touch of MCS indices applicable to Rel-14 Rx UEs.  Although there is some SE overlap for 
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=18~20 and  
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=21~23 in option 1a, it effectively provides more scheduling freedom with either 16QAM or 64QAM. 
· Option 2: Introduce a modified MCS table for Rel-15 V2X UE

Replace some MCS indexes of 16QAM with 64QAM, i.e., switch to 64QAM from MCS 18 with smaller TBS for MCS 18~20. In Rel-14 V2X, MCS 18~20 is for 16QAM. For single transmission of PSSCH, the code rate is larger than 0.93 for some TB sizes for MCS 18 and for all TB sizes for MCS 19 and 20. When PSSCH is transmitted twice, the code rate of all these three MCS indices is roughly halved, thus decodable. Now, if MCS 18~20 is used for 64QAM, the available MCS indices for legacy Rel-14 V2X UE are reduced, which conflicts with the backward compatibility. Moreover, several highest 
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 are still wasted because of higher coding rate than 0.93.  
Therefore, option 1 should be adopted for simplicity and less standard effort.  

Proposal 2: Use existing MCS table with TBS scaling for Rel-15 V2X UE. 
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 3: 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: Confirm the working assumption of “No change to the 5-bit MCS field in existing SCI-1 is needed to support 64QAM”.
Proposal 2: Use existing MCS table with TBS scaling for Rel-15 V2X UE. 
Proposal 3: Study proper sensing parameter setting for resource selection/reselection to protect 64QAM transmission. 
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