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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. 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]
b) 64QAM;
[bookmark: OLE_LINK21]In RAN1 #90, the following working assumption and agreement about 64 QAM for Rel-15 UEs were reached [2].
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
· [bookmark: OLE_LINK9]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 further discuss the remaining issues about 64QAM for Rel-15 UEs.
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 a total of 32 values. As for 64QAM, which corresponds to MCS 21~28, it is clear that these 8 MCS indexes are already included by the 32 values above. So, 5 bits are enough to support the indication for 64 QAM. It is not necessary to introduce additional bit.
[bookmark: OLE_LINK17][bookmark: OLE_LINK16]Proposal 1: No additional bit is needed in SCI format 1 to indicate MCS for 64QAM.
Nevertheless, we should also note that the modulation order is determined as shown below for Rel-14 V2X:



[bookmark: OLE_LINK4]For, the modulation order is set to , where is determined from Table 8.6.1-1 in [3].
[bookmark: OLE_LINK10]That is to say, 64QAM is not supported in Rel-14 V2X. If the MCS index is equal to a value from 21 to 28, it means the modulation of data is not 64QAM but 16QAM. 
[bookmark: OLE_LINK18][bookmark: OLE_LINK1]Observation 1: 64QAM is not supported in Rel-14. The data with MCS index for 64QAM will be transmitted using 16QAM.
Based on the discussion above, if a Rel-14 UE transmits data with MCS 21~28, it will transmit the data using 16QAM. But the MCS index used by the Rel-14 UE for data transmission is not limited in TS36.213 [3]. In other word, for Rel-14 UEs, the data with 64QAM-mapped MCS (IMCS=21~28) is transmitted using 16QAM.
[bookmark: OLE_LINK3][bookmark: OLE_LINK2][bookmark: OLE_LINK8]While for Rel-15 UEs, the data with 64QAM-mapped MCS (IMCS=21~28) is transmitted using 64QAM because 64QAM is supported. As a result, there may be a problem on the side of receiver if the Rel-15 UEs share the resource pool with Rel-14 UEs. More specifically, if a Rel-15 UE decodes a SCI and the indicated MCS is a value in the range of 21 ~ 28, it cannot identify whether the transmitter is a Rel-14 UE which transmits data with 16QAM or a Rel-15 UE which transmits data with 64QAM.
[bookmark: OLE_LINK11]Observation 2: When the decoded MCS index is equal to a value from 21 to 28, Rel-15 receiving UEs may not know the received data is modulated by 16QAM or 64QAM.
An indicator can be considered to differentiate Rel-14 UEs transmission and Rel-15 UEs transmission. In this scheme, at least one bit (e.g., one bit from the reserved bits in SCI format 1) is used to indicate the transmitting UE is a Rel-14 UE or Rel-15 UE, which will result in an increase of content in the SCI. Another scheme is that the Rel-15 UEs perform blind decoding with 64QAM and 16QAM when receiving data. By comparison, this scheme is simpler and needs no additional enhancement for SCI. Moreover, the probability of the case that Rel-14 UEs transmit 64QAM-mapped MCS data using 16QAM would be low. Nevertheless, the times for blind decoding will not be large. Based on some rules, e.g., if MCS index is larger than20, try to demodulate data with 64QAM first. If it is decoded successfully, then don’t have to try with 16QAM. This may decrease the probability of blind decoding. 
[bookmark: OLE_LINK19][bookmark: OLE_LINK12]Proposal 2: It is not necessary tosupport the use of one bit from the reserved bits to differentiate Rel-15 transmission and Rel-14 transmission.
Proposal 3: For 64-QAM, Rel-15 UEs can demodulate the received data within a MCS value from 21 to 28 via blind decoding is supported.  
3 Enhancement to TBS 
[bookmark: OLE_LINK6]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. 
[bookmark: OLE_LINK13]According to Table 8.6.1-1 and Table 7.1.7.2.1-1 in TS 36.213 [3], 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



[bookmark: OLE_LINK15]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. Methods should be considered to resolve this problem.
[bookmark: OLE_LINK23]For the four options agreed in RAN1 #90, option 1b and option 3 should be excluded at first. For option 1b, TBS scaling is used for all MCSs. This will result in compatibility problem. To be specific, Rel-14 UEs cannot decode the data transmitted by the Rel-15 UEs using QPSK or 16QAM. For option 3, Rel-15 UEs transmit data using the existing MCS table with no TBS scaling, implying no additional enhancement for 64QAM. Nevertheless, the problem of 64QAM support will still exist. 
Option 1a and option 2 are discussed below: 
· Option 1a: with scaling for 64-QAM only
[bookmark: OLE_LINK14][bookmark: OLE_LINK22]For option 1a, only the TBSs related to 64QAM-mapped MCS (IMCS=21~28) will be scaled to satisfy the limitation of the effective channel code rate. This will not impact decoding for data using other demodulation orders (e.g., 16QAM, QPSK). Based on this scheme, a new TBS table may be defined where the TBSs used for QPSK and 16QAM are same with those in Table 7.1.7.2.1-1 in TS 36.213 [3] and the TBSs used for 64QAM are different with those in Table 7.1.7.2.1-1. Rel-15 UEs transmit data based on the new TBS table. By this means, the transmission using QPSK and 16QAM would not be impacted.  
· Option 2: Introduce a modified MCS table for Rel-15 V2X UE
For option 2, an enhanced MCS table can be introduced for Rel-15 UEs just like table 2 below. 
[bookmark: OLE_LINK7]Compare to Table 8.6.1-1 in TS 36.213 [3], only 64QAM related TBS indexes are modified in table 2. For Rel-15 transmission using 64QAM-mapped MCS, a UE will determine TBS index according to Table 2. In this way, the effective channel code rate for 64QAM will be under 0.931 and TBS table need not to be modified. 












Table 2: Potential enhanced MCS table for Rel-15 UEs
	MCS Index
[image: ]
	Modulation Order
[image: ]
	TBS Index
[image: ]

	0
	2
	0

	1
	2
	1

	2
	2
	2

	3
	2
	3

	4
	2
	4

	5
	2
	5

	6
	2
	6

	7
	2
	7

	8
	2
	8

	9
	2
	9

	10
	2
	10

	11
	4
	10

	12
	4
	11

	13
	4
	12

	14
	4
	13

	15
	4
	14

	16
	4
	15

	17
	4
	16

	18
	4
	17

	19
	4
	18

	20
	4
	19

	21
	6
	14

	22
	6
	15

	23
	6
	16

	24
	6
	17

	25
	6
	18

	26
	6
	19

	27
	6
	20

	28
	6
	21



[bookmark: OLE_LINK5]Both of these two options can effectively make the effective channel code rate for 64QAM below 0.931 and also maintain backward compatibility. Therefore, option 1a and option 2 are both acceptable. Comparatively speaking, option 1a can define a TBS table with more precise values by some adaptive scaling method, such as scaling with multiple scaling factors, so it is more preferable.     
Proposal 4: For Rel-15 UEs using 64-QAM, support for option 1a is preferred (use existing MCS table with TBS scaling for 64-QAM only).
4 Conclusion
This contribution focused on support for 64-QAM for 3GPP V2X Phase 2. It also includes the following observations and proposals:
Proposal 1: No additional bit is needed in SCI format 1 to indicate MCS for 64QAM.
Observation 1: 64QAM is not supported in Rel-14. The data with MCS index for 64QAM will be transmitted using 16QAM.
Observation 2: When the decoded MCS index is equal to a value from 21 to 28, Rel-15 receiving UEs may not know the received data is modulated by 16QAM or 64QAM.
Proposal 2: It is not necessary to support the use of one bit from the reserved bits to differentiate Rel-15 transmission and Rel-14 transmission.
[bookmark: _GoBack]Proposal 3: For 64-QAM, Rel-15 UEs can demodulate the received data within a MCS value from 21 to 28 via blind decoding is supported.
Proposal 4: For Rel-15 UEs using 64-QAM, support for option 1a is preferred (use existing MCS table with TBS scaling for 64-QAM only).
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