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1 Introduction
At the RAN#75 meeting, the new WID on 3GPP V2X Phase 2 was approved [1]. The aim of this work item is to support advanced V2X services as identified in 3GPP SA1 TR 22.886 by specify technologies for 3GPP V2X Phase 2. Also, backward compatibility with Release 14 V2X for the delivery of safety messages (i.e. CAM/DENM messages) should be considered for the specified technologies.
The following detailed objectives are included in this work item.
1. [bookmark: _GoBack]Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]
a) Carrier aggregation (up to 8 PC5 carriers);
b) 64QAM;
c) Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;
d) Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;
In this contribution, we mainly discuss some issues about 64QAM, as described in b) above.
2 Indication for 64QAM
At first, we should confirm whether additional bits are needed to support 64QAM. In Rel-14, 5 bits in SCI format 1 are used to indicate MCS (Modulation and Coding Scheme). 5 bits could be used to indicate total 32 values. Currently, only 21 values are used for MCS order. In order to support 64QAM, which corresponding to MCS 21~28, more eight values shall be needed to be indicated. As we can see, 5 bits are enough to support the newly added 64 QAM. It is not necessary to introduce additional bit.
On the other hand, although Rel-14 Rx UEs is unable to decode the 64QAM data transmitted by Rel-15 UE, it may correctly decode all the fields in SA except the MCS. According to the indication of SA, the Rel-14 Rx UE can know the data resource location and get accurate PSSCH-RSRP measurement result. Thus, the sensing and resource selection procedure of mode 4 UE would not be impacted by the introduction of 64QAM. For Rel-15 Rx UEs, it should be able to decode SA and data with 64QAM and legacy modulation orders according to the indication of MCS in SA. 
In a sum, no additional bit is needed in SCI format 1 for indication of 64QAM. Also, no additional is needed for indication of 64QAM.
[bookmark: OLE_LINK1]Proposal 1: More MCS orders should be added to support 64QAM. However, it is not necessary to introduce additional bit in SCI format 1.
3 Enhancement to TBS Table
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 single carrier frequency division multiple access (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 Gap in the last symbol, only 8 valid symbols remain for decoding. The decrease of the valid resources will make the effective channel code rate increase. 
According to Table 8.6.1-1 and Table 7.1.7.2.1-1 in TS 36.213 [2], 64QAM supports MCS from 21 to 28 and corresponding effective channel code rate for V2X can be computed as shown in Table 1.
Table 1: Effective channel code rate for 64QAM
	
	MCS=21
	MCS=22
	MCS=23
	MCS=24
	MCS=25
	MCS=26
	MCS=27
	MCS=28

	Code rate
	0.75
	0.81
	0.89
	0.94
	1.00
	1.06
	1.11
	1.28



It can be seen that the effective channel code rate for MCS between 24 ~ 28 is larger than 0.931, which may result in decoding failures for the receiver. 
If we exclude MCS between 24 ~ 28 for 64QAM, only 3 MCS orders are used. Furthermore, they can only cover the effective channel code rate from 0.75 to 0.89. In our view, the range of the effective channel code rate is too narrow. 
So, it would not be advisable to exclude MCS between 24~28 for 64QAM and other enhancement should be considered. As a preferable solution, modification of TBS for 64QAM should be considered. For example, the TBSs for 64QAM can be modified to meet the requirement of the effective channel code rate. 
[bookmark: OLE_LINK5]Proposal 2: The enhancement of TBS for 64QAM should be considered.
4 Conclusion
This contribution focused on support for 64-QAM for 3GPP V2X Phase 2. It also includes the following proposals:
Proposal 1: More MCS orders should be added to support 64QAM. However, it is not necessary to introduce additional bit in SCI format 1.
Proposal 2: The enhancement of TBS for 64QAM should be considered.
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