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1 Introduction
In RAN1 #90bis, the following conclusions were agreed [1].
Agreement:
· For PSSCH, specifications support rate-matching applied over the last symbol for all modulation orders.
· Rate-matching is applied for all MCSs
· [bookmark: OLE_LINK1][bookmark: OLE_LINK11]Use of Rel-15 format is signaled in the SCI (FFS signaling details)
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: 
· [bookmark: OLE_LINK29]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
· [bookmark: OLE_LINK8]WA: One scaling factor is applied to all MCS values
This is a resubmitted contribution of R1-1719656 with minor modifications. In the RAN1 #91 meeting, some criteria were agreed for the evaluation for the MCS table enhancement and TBS scaling factor [2]. In this contribution, we further discuss the remaining issues about 64QAM for Rel-15 UEs.
2 Discussion
2.1 Signaling for Rel-15 format
[bookmark: OLE_LINK30][bookmark: OLE_LINK3]According to the agreement of RAN1 #90bis in [1], rate-matching is supported over the last single carrier frequency division multiple access (SC-FDMA) symbol for all modulation orders in Rel-15. When a Rel-15 UE transmits a message (e.g. safety related service) that needs to be received by Rel-14 UEs, it shall still use the Rel-14 format, i.e., punching in the last SC-FDMA symbol. From the perspective of the receiver, the Rel-15 UEs may receive messages with Rel-14 format or Rel-15 format. Also, it was agreed to support indication in SCI to identify Rel-15 format in order to differentiate the transmission with Rel-14 format from the Rel-15 format in receiver side. But the details of the indication are FFS. 
[bookmark: OLE_LINK4]Since the use of Rel-15 format is signaled in the SCI, a practical scheme may be to use the reserved information bits in SCI format 1. Using one bit of the reserved information bits, Rel-15 format can be identified. For example, ‘0’ is regarded as Rel-14 service and ‘1’ is regarded as Rel-15 service. Alternatively, a new SCI format can be defined for Rel-15 service. Based on the new SCI format which is only used for the transmission with Rel-15 format, Rel-15 service can be identified. But the specification effort will be large.  
[bookmark: OLE_LINK7]Proposal 1: One of the reserved information bits in SCI format 1 can be used to indicate Rel-15 format.
2.2 TBS scaling
[bookmark: OLE_LINK13][bookmark: OLE_LINK9][bookmark: OLE_LINK6][bookmark: OLE_LINK15][bookmark: OLE_LINK2][bookmark: OLE_LINK24]According to Rel-14 specification, transport block size (TBS) of V2X transmission is determined by the same mechanism used for LTE. However, the resources that can be used to map data are decreased because 4 SC-FDMA symbols are used for the demodulation reference signal (DMRS) transmission. Moreover, due to the fact that the automatic gain control (AGC) is in the first symbol and the Gap in the last symbol, this leaves only 8 valid symbols remaining for decoding in the receiver. The decrease of the valid resources will make the effective channel code rate increase. As shown in [3], the effective channel code rate for MCS between 24 ~ 28 is larger than 0.931, which may result in decoding failures for the receiver. Methods should be considered to resolve this problem. According to the agreement of RAN1 #90bis, a modified MCS table and TBS scaling is applied for supporting 64QAM in Rel-15. 
[bookmark: OLE_LINK22][bookmark: OLE_LINK5]From the perspective of specification effort, using TBS scaling may be simpler. When examining multiplying by a scaling factor which is less than 1, it was determined that the scaled TBS will become smaller and the effective channel code rate in receiver may be less than 0.931. In this way, the current TBS table should not be modified. In consideration of an indicator in SCI for Rel-15 format, backward compatibility for Rel-14 is no longer taken into account. A scaling factor for all MCS values can be considered so that the spectral efficiency vs. MCS values will be non-decreasing.
[bookmark: OLE_LINK17]For Table 7.1.7.2.1-1 in 3GPP TS 36.213 [4], 12 SC-FDMA symbols within one sub-frame are considered to carry the TBS. While for Rel-15 V2X, only 9 SC-FDMA symbols remain. Because 4 SC-FDMA symbols are used for DMRS transmission and the last SC-FDMA symbol is not used for mapping (i.e., rate-matching is considered). Based on this, 9/12 (0.75) can be considered for the scaling factor.
[bookmark: OLE_LINK23][bookmark: OLE_LINK16]On the other hand, the first SC-FDMA symbol may not be usable for decoding in receiver because of AGC processing. This will result in the effective channel code rate increasing and even decoding failures (i.e., the effective channel code rate is larger than 0.931). So, the margin for decoding should be considered when the scaling factor is determined. From this perspective, one of the scaling factor values in the range of 8/12 ~ 9/12 (0.667~0.75) may be appropriate for the one scaling factor for all MCS values in Rel-15 V2X. 
[bookmark: OLE_LINK10]Proposal 2: One scaling factor is applied to all MCS values for Rel-15.
Proposal 3: Based on the Table 7.1.7.2.1-1 in 3GPP TS 36.213 and the margin for decoding, the one scaling factor value 0.75 should be considered for all MCS values for Rel-15, selected from the range of 8/12 ~ 9/12 (0.667~0.75). 
3 Conclusion
This contribution focused on support for 64-QAM for 3GPP V2X Phase 2. It also includes the following proposals:
Proposal 1: One of the reserved information bits in SCI format 1 can be used to indicate Rel-15 format.
Proposal 2: One scaling factor is applied to all MCS values for Rel-15.
Proposal 3: Based on the Table 7.1.7.2.1-1 in 3GPP TS 36.213 and the margin for decoding, the one scaling factor value 0.75 should be considered for all MCS values for Rel-15, selected from the range of 8/12 ~ 9/12 (0.667~0.75).
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