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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At the RAN1 #90 meeting, the following agreement [1] for supporting 64-QAM was reached:
Select one of the following four options:
· [bookmark: OLE_LINK16]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
Conclusion:  further discuss rate-matching at RAN1#90b
In this contribution, we first discuss advantages and disadvantages of these options and discuss the necessity of supporting rate-matching. 
[bookmark: _Ref129681832]Discussion
As was discussed in our contribution in RAN1#90 [2], for MCSs with QPSK and 16QAM, a large number of V2X PSSCH TBS/MCS configurations have decoding problems. Two main causes for the decoding problem are:
1. Code rate is higher than 0.931 from the decoder’s perspective;
2. REs in the first and the last SC-FDMA symbols within a subframe are counted in the resource mapping process but not available for decoding. 
For the same reasons, a large number of V2X PSSCH TBS/MCS configurations have decoding problems as well for MCSs with 64QAM. All the problematic cases are summarized in the Appendix. 
In this contribution, we show that the total number of problematic cases can be significantly reduced to below 1% by addressing code rate and puncturing issues with the proposed schemes.
TBS/MCS configuration enhancements for code rate issue
A V2X PSSCH subframe contains 14 SC-FDMA symbols with 8 symbols available for decoding: the last symbol is not transmitted (used for switching to transmission for reception), the first symbol may not be decoded at the receiver side (normally used for AGC), and there are 4 DMRS symbols. On the other hand, a PUSCH subframe also contains 14 SC-FDMA symbols with 12 symbols are available for decoding (excluding the 2 symbols for DMRS). The set of TB sizes was optimized for PUSCH transmission. It was decided at RAN1#76bis to reuse the same set of TB sizes as a way to reduce the standardization effort. However, because of the different number of available symbols, for the same MCS, the effective code rate of V2X PSSCH is 1.5 times that of PUSCH. This causes V2X PSSCH code rates to be higher than 0.931 for some TB sizes. In particular, TB sizes for MCS10, most TB sizes of MCS18 and all TB sizes of MCS19, MCS20, and MCSs 25 to 28 are affected. If the code rate is higher than 0.931, the UE may not decode a packet with a single transmission.
To solve the code rate issue, following options were discussed at the RAN1 #90 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
· Option 2: Introduce a modified MCS table for Rel-15 V2X UE
For Option 1a, scaling the number of PRBs solves the code rate issue for 64QAM, but does not solve the code rate issue of QPSK and 16QAM. In addition, according to section 5.14.1.2.2 in TS36.321 [3], the MCS range for one priority and one CBR is configured as a contiguous range. Thus, SE (Spectral Efficiency) vs MCS should be kept as monotonic. As described in [4], Option 1a will lead to non-monotonic behaviour of SE vs MCS. The non-monotonic behaviour would add standardization work to include additional limitations and would complicate the scheduler. Thus, option 1a is not desirable.
Option 1b solves the code rate issue.  A similar scaling PRB Number solution was adopted to solve code rate issue in DwPTS and similar incomplete subframe transmission case in LAA [5].
Option 2 also solves the high code rate issue. Similarly, a modified MCS table was adopted when PDSCH is transmitted in the second slot only for LAA [5]. Table 1 below is an example of modified MCS table that would work. In Table 1, the switching point from 16QAM to 64QAM is changed to MCS 18, and the switching point from QPSK to 16QAM is changed to MCS 10. With these modification, the code rate issue of QPSK and 16QAM are solved. For 64-QAM, MCSs 25 to 28 still have a code rate higher than 0.931 issue. Thus, these code rates should be used only with two transmissions.
Option 3 requires no standardization effort. However, there would be a lot of MCSs that cannot be used with V2X, and therefore is not recommended. 
Both option 1b and option 2 could work. Option 2 appears cleaner and is more systematic. Therefore, we have a slight preference for option 2.
Proposal 1: Introduce a modified MCS table for Rel-15 V2X UE.
· Support MCS25 to 28 for two transmissions only
[bookmark: _Ref494285935]Table 1. Modified MCS table for V2X.
	MCS Index

	Modulation Order

	TBS Index


	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


 
Rate matching solution for puncturing issue
Even if the code rate is solved, as explained in [2], puncturing causes problems for some TBS/RB allocation combinations. The total number of problematic TBS/MCS configurations is significant (50 cases, according to our simulations). 
One simple and well-known way to solve the issue is to use rate matching instead of puncturing for the last SC-FDMA symbol, and accordingly, change the interleaving parameter as  in order to apply a time-first mapping. Our simulation results show that the total number of problematic cases is effectively down to 5, or equivalently less than 1% of the total cases. The five problematic cases are listed in Table 2, and, if necessary, can be excluded in the specification.
Table 2. TBS/MCS configurations with decoding problems after rate matching enhancement
	
	Configuration 1
	Configuration 2
	Configuration 3
	Configuration 4
	Configuration 5

	
	12
	24
	45
	48
	75

	
	21
	21
	22
	21
	16

	
	5160
	10296
	20616
	20616
	22920



Proposal 2: Rate-matching is supported for Rel-15 V2X UEs and is applicable for all MCSs:
· [bookmark: OLE_LINK18][bookmark: OLE_LINK19]The REs in the last SC-FDMA symbol is not counted in the mapping process;
· Interleaving parameter ;
Note that since Rel-14 UEs do not use rate-matching, in order to maintain backwards compatibility, Rel-15 UEs need to also support the legacy scheme. The Rel-14 scheme is used when communicating with potential Rel-14 UEs.
The performance enhancement gains discussed in this contribution are summarized in Table 3.
Table 3. Number of problematic TBS/MCS configurations 
	
	Rel-14 MCS table, no rate-matching
	New MCS table, no rate matching
	New MCS table,  9-symbol rate matching

	Total number of problematic cases (out of 899)
	254
	50
	[bookmark: _GoBack]5

	Total number of problematic cases (in %)
	28.3%
	5.56%
	0.556%



Conclusions
Solutions to support 64-QAM were discussed. We propose the following:
Proposal 1: Introduce a modified MCS table for Rel-15 V2X UE.
· Support MCS25 to 28 for two transmissions only
Proposal 2: Rate-matching is supported for Rel-15 V2X UEs and is applicable for all MCSs:
· The REs in the last SC-FDMA symbol is not counted in the mapping process;
· Interleaving parameter ;

The modified MCS table is given below.
	MCS Index

	Modulation Order

	TBS Index


	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
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Appendix
In the appendix, he MCS/number of PRB problematic configurations are shown.
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