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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK4]At the RAN1 #90bis meeting, the following agreement [1] for supporting 64-QAM was reached:
· 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
· WA: One scaling factor is applied to all MCS values

At the RAN1 #91 meeting, the following agreement [2] for supporting 64-QAM was reached:
· Conduct additional evaluation to determine required modification for MCS table and TBS scaling factor in R15 using the following criteria:
· PSSCH spectrum efficiency vs SNR performance (where SNR is defined at 1% BLER)
· PSSCH low data rate considerations. Balanced performance between PSCCH and PSSCH at low MCS indexes
· Granularity of SNR difference between adjacent PSSCH spectrum efficiency points (CDF of delta SNR)
· [bookmark: OLE_LINK8]Peak spectral efficiency in case of retransmission
· Spectrum efficiency vs SNR for RV2 only reception
· Conduct additional link level evaluations using assumptions in Section 3 in R1-172150.
· New MCS table should not have problematic MCS indexes in case of 2 TTI transmissions (i.e. reception of RV0 and RV2) assuming that puncturing is applied to the first symbol of initial transmission and retransmission.

In this contribution, we discuss the design of MCS table and whether to use a scaling factor. 
[bookmark: _Ref129681832]Discussion
Detailed MCS table design
It was agreed at RAN1#90bis to introduce a modified MCS table for Rel-15 V2X PSSCH. The main goal is to limit or eliminate code rate values higher than 0.931.
With the Rel-14 MCS table, the MCSs having MCS/TBS configurations with code rate higher than 0.931 are the following:
· MCS10 (e.g. (MCS10, 32PRBs, 5736bits, QPSK), (MCS10, 64PRBs, 11448bits, QPSK), etc.), 
· MCS18 (e.g. (MCS18, 25PRBs, 9144bits, 16QAM), (MCS18, 32PRBs, 11448bits, 16QAM), etc.),
· MCS19 and MCS20 (all MCS/TBS configurations),
· MCS24 (e.g. (MCS24, 4PRBs, 2152bits, 64QAM), (MCS24, 10PRBs, 5352bits, 64QAM), etc.), 
· MCS25 to MCS28 (all MCS/TBS configurations).
[bookmark: OLE_LINK2]Using Table 1 as the modified MCS table, all MCS/TBS configurations from MCS0 to MCS23 have no code rates higher than 0.931 and can be supported for both single transmission and 2 transmissions.  MCS24 to MCS28 face the issue of code rates higher than 0.931 for single transmission, but with two transmissions, the code rate is lower than 0.931. We do not see that as an issue, since the MCS granularity for single transmission is already very good. The UE operation with such a table is simple since the MCSs available for single transmission and 2 transmissions are all contiguous, thus allowing for easy configuration indication.
[bookmark: OLE_LINK5]Proposal 1: Introduce Table 1 as the modified MCS table for Rel-15 V2X PSSCH.
· [bookmark: OLE_LINK10]Support MCS24 to 28 for two transmissions only.
[bookmark: OLE_LINK7]Table 1. Modified MCS table for V2X.
	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  4
	 10  9

	11
	4
	10

	12
	4
	11

	13
	4
	12

	14
	4
	13

	15
	4
	14

	16
	4
	15

	17
	4
	16

	18
	 4  6
	 17  16

	19
	 4  6
	 18  17

	20
	 4  6
	 19  18

	21
	6
	19

	22
	6
	20

	23
	6
	21

	24
	6
	22

	25   
	6
	23

	26
	6
	24

	27
	6
	25

	28
	6
	26


Based on proposal 1, the decoding performance of MCS/TBS configurations is evaluated for the AWGN channel with ideal channel estimation. The results show that the total number of problematic cases is 4 for single transmission and 0 for two. The 4 problematic cases are listed in Table 2, and can be excluded in the specification.
Proposal 2: Exclude the problematic configurations listed in Table 2.
Table 2. TBS/MCS configurations with decoding problems
	
	For 1 transmission

	
	Configuration 1 
	Configuration 2
	Configuration 3
	Configuration 4

	
	12
	24
	45
	48

	
	21
	21
	22
	21

	
	5160
	10296
	20616
	20616




Discussion on TBS scaling factor
At RAN1#91, there were extensive discussions on whether a TBS scaling factor other than 1 was needed. From our perspective, the TBS scaling factor should be 1:
1. Compared with no TBS scaling, introducing an extra TBS scaling factor other than 1 decreases the peak spectral efficiency when two transmissions are used. With the same number of PRB allocated, the peak spectral efficiency decreases roughly proportionally to the scaling factor. Given that V2X is designed for broadcast services at the PHY level, and the risk of collision for mode-4 transmission, using two transmissions is likely to be the preferred mode of operation, at least for some services. Thus, this loss in peak spectral efficiency is problematic.
2. Introducing an extra TBS scaling factor other than 1 will enhance the PSSCH coverage, but will have no impact on overall system performance. The system performance is determined by both PSCCH and PSSCH coverage. If the PSSCH coverage is better than the PSCCH coverage, there is no gain. Table 3 gives the maximum coupling loss for PSCCH and PSSCH for a scaling factor of 1, for the lowest MCS. As it can be seen, the PSSCH can already support the same, or slightly higher coupling loss than PSCCH. Thus, further improving the PSSCH performance does not improve system performance. 
Table 3. Link budget of PSCCH and PSSCH with MCS 0 for UMi channel
	Relative Speed
	Number of allocated PSSCH PRBs
	Link budget of PSCCH @ 0.01 BLER
	Link budget of PSSCH with MCS 0 @ 0.1 BLER

	280km/h
	3
	135dB
	135dB

	
	8
	133dB
	134dB

	
	18
	130dB
	131dB

	
	48
	126dB
	128dB

	30km/h
	3
	130dB
	133dB



[bookmark: OLE_LINK6]Proposal 3: TBS scaling factor is set to 1.
Conclusions
[bookmark: _GoBack]In this contribution, we discussed the detailed design of MCS table and whether a scaling factor was needed. We propose the following:
Proposal 1: Introduce Table 1 as the modified MCS table for Rel-15 V2X PSSCH.
· Support MCS24 to 28 for two transmissions only.
Table 1. Modified MCS table for V2X.
	MCS Index
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	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  4
	 10  9

	11
	4
	10

	12
	4
	11

	13
	4
	12

	14
	4
	13

	15
	4
	14

	16
	4
	15

	17
	4
	16

	18
	 4  6
	 17  16

	19
	 4  6
	 18  17

	20
	 4  6
	 19  18

	21
	6
	19

	22
	6
	20

	23
	6
	21

	24
	6
	22

	25   
	6
	23

	26
	6
	24

	27
	6
	25

	28
	6
	26


Proposal 2: Exclude the problematic configurations listed in Table 2.
Table 2. TBS/MCS configurations with decoding problems
	
	For 1 transmission

	
	Configuration 1 
	Configuration 2
	Configuration 3
	Configuration 4

	
	12
	24
	45
	48

	
	21
	21
	22
	21

	
	5160
	10296
	20616
	20616



Proposal 3: TBS scaling factor is set to 1.
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