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[bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _Ref129681832]Introduction
For LTE-based V2X, the last SC-FDMA symbol is used as a gap symbol for Tx-Rx turnaround. This design was inherited from D2D back in RAN1#76bis [1], where it was agreed to do puncturing (instead of rate matching) at the transmitter mainly to reduce standardization efforts and reuse UL channel coding and resource mapping processes. 
In this contribution, we show that more than 17% of the TBS/MCS configurations (115 out of 651) for Rel-14 V2V would lead to noticeable decoding performance loss on the receiver side. All the problematic cases are summarized in a spreadsheet attached in the Appendix. Two main causes for the performance degradation 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 resource mapping process but not available for decoding.
To address the issue, we propose the following solutions
1. The MCS table for V2X PSSCH is modified by changing the switching point from QPSK to 16QAM to MCS10 and the switching point from 16QAM to 64QAM to MCS18, while keeping the existing TBS table unchanged;
2. REs in the last SC-FDMA symbol within a subframe are not counted in resource mapping process. Accordingly, the number of interleaving parameter  for V2X PSSCH is modified to  

Discussion
Issues with code rate higher than 0.931 
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 and MCS20 are affected. If the code rate is higher than 0.931, the UE may not decode a packet with a single transmission.
Observation 1: Many TBS/MCS configurations for MCS10, MCS18, MCS19 and MCS20 lead to effective code rate higher than 0.931 
[bookmark: OLE_LINK22]One solution to solve to issue is to change MCS 10 from QPSK high code rate to 16QAM lower code rate and change MCS 18 from 16QAM high code rate to 64QAM lower code rate as illustrated in Table 1 below. We note that a similar solution has been proposed in [2] in the context of supporting 64QAM for 3GPP V2X Phase 2 WI. 
Table 1: Proposed modified MCS table for Rel-14 V2X PSSCH
	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



The corresponding CR for TS 36.213 is given in the companion contribution [3].

Issues with puncturing of the last symbol
The number of V2X PSSCH allocated resource blocks  shall meet the following conditions:


where  are non-negative integers.
[bookmark: OLE_LINK18]According to subchannel configuration, the minimum number of V2X PSSCH allocated  is 3 (in the case: PSCCH-PSSCH adjacent, subchannel size 5 PRBs, 1 subchannel allocated). The maximum number of  is 98 (100 PRBs for 20MHz channel bandwidths, minus 2 PRBs for PSCCH).
[bookmark: OLE_LINK23]Taking into account the above constrained conditions, and with the modified MCS table, there are still 28 TBS/MCS configurations leading to noticeable decoding performance losses according to our simulations, such as,,, etc. The effective code rates corresponding to these TBS/MCS configurations are lower than 0.931 from the receiver’s perspective, but TBs with these configurations would still encounter decoding failures according to our simulations. This loss of performance for some TBs is due to the puncturing of some symbols. The encoded bits mapped on the REs in the last SC-FDMA symbol, and potentially the first symbol, are not available for decoding. In some specific TBS/MCS configurations, this causes information of TB or CRC bits loss from decoder’s perspective, and then the TB cannot be decoded correctly.
[bookmark: OLE_LINK6]Observation 2: Puncturing of the last symbol causes decoding error for some TBS/MCS configurations with code rate lower than 0.931.
A simple fix is not to count the REs in the last SC-FDMA symbol in the mapping process, thus using rate matching instead of puncturing. Accordingly, the number of interleaving parameter  for V2X PSSCH is modified to , in order to apply a time-first mapping. This simple modification solves the problem for all the configurations, except one: .Thus, this configuration should not be used. 
Though decoding failure is not observed for PSCCH,  for consistency, it is better to use rate matching for both PSSCH and PSCCH. For PSCCH, a simple fix is to modify the resource mapping and interleaving in a similar way than for PSSCH.
The corresponding CR for TS 36.211 and 36.212 are given in the companion contributions [4] and [5], respectively. 

Simulation results for the proposed solutions
In this section, we show some exemplary performance results based on the proposed solutions. In Figure 1, the performance curves based on Cmux = 9 and modified MCS table is illustrated, based on ideal channel estimation. The performance according to the current specification has an error floor, whereas by changing MCS 10 from QPSK high code rate to 16QAM lower code rate, and with rate matching, there is no such error floor. Figure 2 shows a similar example for MCS 15, with the use of rate matching eliminating the error floor. 
[image: ]
Figure 1.	Link-level performance for MCS10 with proposed MCS and Cmux configurations
[image: ]
Figure 2.	Link-level performance for MCS15 with proposed Cmux configurations

Conclusion
Some V2X PSSCH TBS/MCS configurations have decoding problems. We discussed the causes and proposed corresponding solutions to address these issues. We show via link-level simulations that all the decoding problematic cases except one are resolved with the proposed approach. The sole decoding problematic case can be excluded by UE implementation. The corresponding CRs to solve the problem are provided in companion contributions [3]-[5].
Observation 1: Many TBS/MCS configurations for MCS10, MCS18, MCS19 and MCS20 lead to effective code rate higher than 0.931 
Observation 2: Puncturing of the last symbol causes decoding error for some TBS/MCS configurations with code rate lower than 0.931.
Proposal 1: Approve CRs R1-1713823, R1-1713825, R1-1713826. 
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Table 2: TBS table to show decoding problematic TBS/MCS configurations
Legend:
	
	Imcs with QPSK
	
	Nprb supported by Rel-14 V2X

	
	Imcs with 16QAM
	
	A decoding problematic TBS/MCS configuration



	Imcs
	Itbs
	Nprb

	
	　
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	0
	0
	16
	32
	56
	88
	120
	152
	176
	208
	224
	256

	1
	1
	24
	56
	88
	144
	176
	208
	224
	256
	328
	344

	2
	2
	32
	72
	144
	176
	208
	256
	296
	328
	376
	424

	3
	3
	40
	104
	176
	208
	256
	328
	392
	440
	504
	568

	4
	4
	56
	120
	208
	256
	328
	408
	488
	552
	632
	696

	5
	5
	72
	144
	224
	328
	424
	504
	600
	680
	776
	872

	6
	6
	328
	176
	256
	392
	504
	600
	712
	808
	936
	1032

	7
	7
	104
	224
	328
	472
	584
	712
	840
	968
	1096
	1224

	8
	8
	120
	256
	392
	536
	680
	808
	968
	1096
	1256
	1384

	9
	9
	136
	296
	456
	616
	776
	936
	1096
	1256
	1416
	1544

	10
	10
	144
	328
	504
	680
	872
	1032
	1224
	1384
	1544
	1736

	11
	10
	144
	328
	504
	680
	872
	1032
	1224
	1384
	1544
	1736

	12
	11
	176
	376
	584
	776
	1000
	1192
	1384
	1608
	1800
	2024

	13
	12
	208
	440
	680
	904
	1128
	1352
	1608
	1800
	2024
	2280

	14
	13
	224
	488
	744
	1000
	1256
	1544
	1800
	2024
	2280
	2536

	15
	14
	256
	552
	840
	1128
	1416
	1736
	1992
	2280
	2600
	2856

	16
	15
	280
	600
	904
	1224
	1544
	1800
	2152
	2472
	2728
	3112

	17
	16
	328
	632
	968
	1288
	1608
	1928
	2280
	2600
	2984
	3240

	18
	17
	336
	696
	1064
	1416
	1800
	2152
	2536
	2856
	3240
	3624

	19
	18
	376
	776
	1160
	1544
	1992
	2344
	2792
	3112
	3624
	4008

	20
	19
	408
	840
	1288
	1736
	2152
	2600
	2984
	3496
	3880
	4264

	Imcs
	Itbs
	Nprb

	
	　
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	0
	0
	288
	328
	344
	376
	392
	424
	456
	488
	504
	536

	1
	1
	376
	424
	456
	488
	520
	568
	600
	632
	680
	712

	2
	2
	472
	520
	568
	616
	648
	696
	744
	776
	840
	872

	3
	3
	616
	680
	744
	808
	872
	904
	968
	1032
	1096
	1160

	4
	4
	776
	840
	904
	1000
	1064
	1128
	1192
	1288
	1352
	1416

	5
	5
	968
	1032
	1128
	1224
	1320
	1384
	1480
	1544
	1672
	1736

	6
	6
	1128
	1224
	1352
	1480
	1544
	1672
	1736
	1864
	1992
	2088

	7
	7
	1320
	1480
	1608
	1672
	1800
	1928
	2088
	2216
	2344
	2472

	8
	8
	1544
	1672
	1800
	1928
	2088
	2216
	2344
	2536
	2664
	2792

	9
	9
	1736
	1864
	2024
	2216
	2344
	2536
	2664
	2856
	2984
	3112

	10
	10
	1928
	2088
	2280
	2472
	2664
	2792
	2984
	3112
	3368
	3496

	11
	10
	1928
	2088
	2280
	2472
	2664
	2792
	2984
	3112
	3368
	3496

	12
	11
	2216
	2408
	2600
	2792
	2984
	3240
	3496
	3624
	3880
	4008

	13
	12
	2472
	2728
	2984
	3240
	3368
	3624
	3880
	4136
	4392
	4584

	14
	13
	2856
	3112
	3368
	3624
	3880
	4136
	4392
	4584
	4968
	5160

	15
	14
	3112
	3496
	3752
	4008
	4264
	4584
	4968
	5160
	5544
	5736

	16
	15
	3368
	3624
	4008
	4264
	4584
	4968
	5160
	5544
	5736
	6200

	17
	16
	3624
	3880
	4264
	4584
	4968
	5160
	5544
	5992
	6200
	6456

	18
	17
	4008
	4392
	4776
	5160
	5352
	5736
	6200
	6456
	6712
	7224

	19
	18
	4392
	4776
	5160
	5544
	5992
	6200
	6712
	7224
	7480
	7992

	20
	19
	4776
	5160
	5544
	5992
	6456
	6968
	7224
	7736
	8248
	8504

	Imcs
	Itbs
	Nprb

	
	　
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	0
	0
	568
	600
	616
	648
	680
	712
	744
	776
	776
	808

	1
	1
	744
	776
	808
	872
	904
	936
	968
	1000
	1032
	1064

	2
	2
	936
	968
	1000
	1064
	1096
	1160
	1192
	1256
	1288
	1320

	3
	3
	1224
	1256
	1320
	1384
	1416
	1480
	1544
	1608
	1672
	1736

	4
	4
	1480
	1544
	1608
	1736
	1800
	1864
	1928
	1992
	2088
	2152

	5
	5
	1864
	1928
	2024
	2088
	2216
	2280
	2344
	2472
	2536
	2664

	6
	6
	2216
	2280
	2408
	2472
	2600
	2728
	2792
	2984
	2984
	3112

	7
	7
	2536
	2664
	2792
	2984
	3112
	3240
	3368
	3368
	3496
	3624

	8
	8
	2984
	3112
	3240
	3368
	3496
	3624
	3752
	3880
	4008
	4264

	9
	9
	3368
	3496
	3624
	3752
	4008
	4136
	4264
	4392
	4584
	4776

	10
	10
	3752
	3880
	4008
	4264
	4392
	4584
	4776
	4968
	5160
	5352

	11
	10
	3752
	3880
	4008
	4264
	4392
	4584
	4776
	4968
	5160
	5352

	12
	11
	4264
	4392
	4584
	4776
	4968
	5352
	5544
	5736
	5992
	5992

	13
	12
	4776
	4968
	5352
	5544
	5736
	5992
	6200
	6456
	6712
	6712

	14
	13
	5352
	5736
	5992
	6200
	6456
	6712
	6968
	7224
	7480
	7736

	15
	14
	5992
	6200
	6456
	6968
	7224
	7480
	7736
	7992
	8248
	8504

	16
	15
	6456
	6712
	6968
	7224
	7736
	7992
	8248
	8504
	8760
	9144

	17
	16
	6712
	7224
	7480
	7736
	7992
	8504
	8760
	9144
	9528
	9912

	18
	17
	7480
	7992
	8248
	8760
	9144
	9528
	9912
	10296
	10296
	10680

	19
	18
	8248
	8760
	9144
	9528
	9912
	10296
	10680
	11064
	11448
	11832

	20
	19
	9144
	9528
	9912
	10296
	10680
	11064
	11448
	12216
	12576
	12960

	Imcs
	Itbs
	Nprb

	
	　
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40

	0
	0
	840
	872
	904
	936
	968
	1000
	1032
	1032
	1064
	1096

	1
	1
	1128
	1160
	1192
	1224
	1256
	1288
	1352
	1384
	1416
	1416

	2
	2
	1384
	1416
	1480
	1544
	1544
	1608
	1672
	1672
	1736
	1800

	3
	3
	1800
	1864
	1928
	1992
	2024
	2088
	2152
	2216
	2280
	2344

	4
	4
	2216
	2280
	2344
	2408
	2472
	2600
	2664
	2728
	2792
	2856

	5
	5
	2728
	2792
	2856
	2984
	3112
	3112
	3240
	3368
	3496
	3496

	6
	6
	3240
	3368
	3496
	3496
	3624
	3752
	3880
	4008
	4136
	4136

	7
	7
	3752
	3880
	4008
	4136
	4264
	4392
	4584
	4584
	4776
	4968

	8
	8
	4392
	4584
	4584
	4776
	4968
	4968
	5160
	5352
	5544
	5544

	9
	9
	4968
	5160
	5160
	5352
	5544
	5736
	5736
	5992
	6200
	6200

	10
	10
	5544
	5736
	5736
	5992
	6200
	6200
	6456
	6712
	6712
	6968

	11
	10
	5544
	5736
	5736
	5992
	6200
	6200
	6456
	6712
	6712
	6968

	12
	11
	6200
	6456
	6712
	6968
	6968
	7224
	7480
	7736
	7736
	7992

	13
	12
	6968
	7224
	7480
	7736
	7992
	8248
	8504
	8760
	8760
	9144

	14
	13
	7992
	8248
	8504
	8760
	9144
	9144
	9528
	9912
	9912
	10296

	15
	14
	8760
	9144
	9528
	9912
	9912
	10296
	10680
	11064
	11064
	11448

	16
	15
	9528
	9912
	10296
	10296
	10680
	11064
	11448
	11832
	11832
	12216

	17
	16
	9912
	10296
	10680
	11064
	11448
	11832
	12216
	12216
	12576
	12960

	18
	17
	11064
	11448
	11832
	12216
	12576
	12960
	13536
	13536
	14112
	14688

	19
	18
	12216
	12576
	12960
	13536
	14112
	14112
	14688
	15264
	15264
	15840

	20
	19
	13536
	13536
	14112
	14688
	15264
	15264
	15840
	16416
	16992
	16992

	Imcs
	Itbs
	Nprb

	
	　
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50

	0
	0
	1128
	1160
	1192
	1224
	1256
	1256
	1288
	1320
	1352
	1384

	1
	1
	1480
	1544
	1544
	1608
	1608
	1672
	1736
	1736
	1800
	1800

	2
	2
	1800
	1864
	1928
	1992
	2024
	2088
	2088
	2152
	2216
	2216

	3
	3
	2408
	2472
	2536
	2536
	2600
	2664
	2728
	2792
	2856
	2856

	4
	4
	2984
	2984
	3112
	3112
	3240
	3240
	3368
	3496
	3496
	3624

	5
	5
	3624
	3752
	3752
	3880
	4008
	4008
	4136
	4264
	4392
	4392

	6
	6
	4264
	4392
	4584
	4584
	4776
	4776
	4968
	4968
	5160
	5160

	7
	7
	4968
	5160
	5352
	5352
	5544
	5736
	5736
	5992
	5992
	6200

	8
	8
	5736
	5992
	5992
	6200
	6200
	6456
	6456
	6712
	6968
	6968

	9
	9
	6456
	6712
	6712
	6968
	6968
	7224
	7480
	7480
	7736
	7992

	10
	10
	7224
	7480
	7480
	7736
	7992
	7992
	8248
	8504
	8504
	8760

	11
	10
	7224
	7480
	7480
	7736
	7992
	7992
	8248
	8504
	8504
	8760

	12
	11
	8248
	8504
	8760
	8760
	9144
	9144
	9528
	9528
	9912
	9912

	13
	12
	9528
	9528
	9912
	9912
	10296
	10680
	10680
	11064
	11064
	11448

	14
	13
	10680
	10680
	11064
	11448
	11448
	11832
	12216
	12216
	12576
	12960

	15
	14
	11832
	12216
	12216
	12576
	12960
	12960
	13536
	13536
	14112
	14112

	16
	15
	12576
	12960
	12960
	13536
	13536
	14112
	14688
	14688
	15264
	15264

	17
	16
	13536
	13536
	14112
	14112
	14688
	14688
	15264
	15840
	15840
	16416

	18
	17
	14688
	15264
	15264
	15840
	16416
	16416
	16992
	17568
	17568
	18336

	19
	18
	16416
	16416
	16992
	17568
	17568
	18336
	18336
	19080
	19080
	19848

	20
	19
	17568
	18336
	18336
	19080
	19080
	19848
	20616
	20616
	21384
	21384

	Imcs
	Itbs
	Nprb

	
	　
	51
	52
	53
	54
	55
	56
	57
	58
	59
	60

	0
	0
	1416
	1416
	1480
	1480
	1544
	1544
	1608
	1608
	1608
	1672

	1
	1
	1864
	1864
	1928
	1992
	1992
	2024
	2088
	2088
	2152
	2152

	2
	2
	2280
	2344
	2344
	2408
	2472
	2536
	2536
	2600
	2664
	2664

	3
	3
	2984
	2984
	3112
	3112
	3240
	3240
	3368
	3368
	3496
	3496

	4
	4
	3624
	3752
	3752
	3880
	4008
	4008
	4136
	4136
	4264
	4264

	5
	5
	4584
	4584
	4776
	4776
	4776
	4968
	4968
	5160
	5160
	5352

	6
	6
	5352
	5352
	5544
	5736
	5736
	5992
	5992
	5992
	6200
	6200

	7
	7
	6200
	6456
	6456
	6712
	6712
	6712
	6968
	6968
	7224
	7224

	8
	8
	7224
	7224
	7480
	7480
	7736
	7736
	7992
	7992
	8248
	8504

	9
	9
	7992
	8248
	8248
	8504
	8760
	8760
	9144
	9144
	9144
	9528

	10
	10
	9144
	9144
	9144
	9528
	9528
	9912
	9912
	10296
	10296
	10680

	11
	10
	9144
	9144
	9144
	9528
	9528
	9912
	9912
	10296
	10296
	10680

	12
	11
	10296
	10680
	10680
	11064
	11064
	11448
	11448
	11832
	11832
	12216

	13
	12
	11832
	11832
	12216
	12216
	12576
	12576
	12960
	12960
	13536
	13536

	14
	13
	12960
	13536
	13536
	14112
	14112
	14688
	14688
	14688
	15264
	15264

	15
	14
	14688
	14688
	15264
	15264
	15840
	15840
	16416
	16416
	16992
	16992

	16
	15
	15840
	15840
	16416
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