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1 Introduction
In RAN1 #90bis, the following conclusions were agreed [1].
Agreement:
· For PSSCH, specifications support rate-matching applied over the last symbol for all modulation orders.
· Rate-matching is applied for all MCSs
· [bookmark: OLE_LINK1][bookmark: OLE_LINK11]Use of Rel-15 format is signaled in the SCI (FFS signaling details)
Agreement: For the last symbol of PSSCH, rate-matching is always applied when the Rel-15 MCS table is used. Puncturing is always applied when the Rel-14 MCS table is used.
Agreement: confirm the WA of last meeting: No change to the 5-bit MCS field in existing SCI-1 is needed to support 64QAM
Agreement: 
· [bookmark: OLE_LINK29]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
· [bookmark: OLE_LINK8]WA: One scaling factor is applied to all MCS values
In RAN1 #92 meeting, the following working assumption was reached [2].
Working assumption
· TBS scaling (<1) is applied with additional MCS indices in ‘Modulation and TBS index table’ 
· Number of additional MCS indices is three
· Additional TBS values which will be down-selected from Table 7.1.7.2.1-1 in 36.213
· FFS downselected TBS values
· Select the scaling factor <1 so as to avoid reducing the peak SE (after adding additional MCS values above 28) compared to MCS 28 with scaling factor 1
· FFS the exact scaling factor. 

In this contribution, we further discuss the remaining issues about 64-QAM for Rel-15 UEs.
2 Discussion
2.1 Signaling for Rel-15 format
[bookmark: OLE_LINK30][bookmark: OLE_LINK3]According to the agreement of RAN1 #90bis in [1], rate-matching is supported over the last single carrier frequency division multiple access (SC-FDMA) symbol for all modulation orders in Rel-15. When a Rel-15 UE transmits a message (e.g. safety related service) that needs to be received by Rel-14 UEs, it shall still use the Rel-14 format, i.e., puncturing in the last SC-FDMA symbol. From the perspective of the receiver, the Rel-15 UEs may receive messages with Rel-14 format or Rel-15 format. Also, it was agreed to support the use of Rel-15 format indication in SCI to identify the Rel-15 format in order to differentiate the transmission with Rel-14 format from the transmission with Rel-15 format in the receiver side. But the details of the indication are FFS. 
[bookmark: OLE_LINK4]Since it was agreed that the use of Rel-15 format is signaled in the SCI, a practical scheme may be to use the reserved information bits in SCI format 1, which is used for the scheduling of PSSCH. Using one bit of the reserved information bits, Rel-15 format can be identified. For example, ‘0’ is regarded as Rel-14 format and ‘1’ is regarded as Rel-15 format. Alternatively, a new SCI format can be defined for Rel-15 format. Based on the new SCI format which is only used for the transmission with Rel-15 format, Rel-15 transmission can be identified. But the specification effort will be large.  
The information that is transmitted by means of the SCI format 1 in [3] is provided below:
· Priority - 3 bits 
-	Resource reservation – 4 bits 

-	Frequency resource location of initial transmission and retransmission –  bits
-	Time gap between initial transmission and retransmission - 4 bits
-	Modulation and coding scheme – 5 bits
-	Retransmission index – 1 bit
-	Reserved information bits are added until the size of SCI format 1 is equal to 32 bits. The reserved bits are set to zero.
[bookmark: OLE_LINK7]So, based on the current SCI format 1 shown above, we can modify the reserved information bits so that one of the reserved information bits is used to indicate Rel-15 format.
Proposal 1: One of the reserved information bits in SCI format 1 can be used to indicate Rel-15 format.
2.2 TBS scaling
[bookmark: OLE_LINK13][bookmark: OLE_LINK9][bookmark: OLE_LINK6][bookmark: OLE_LINK15][bookmark: OLE_LINK2][bookmark: OLE_LINK24]According to the 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 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 the Gap in the last symbol, this leaves only 8 valid symbols remaining for decoding in the receiver. The decrease of the valid resources will make the effective channel code rate increase. As shown in [4], 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. According to the agreement of RAN1 #90bis, a modified MCS table and TBS scaling is applied for supporting 64-QAM in Rel-15. 
[bookmark: OLE_LINK22]According to the working assumption of RAN1#92, TBS scaling (<1) is applied with additional MCS indices in ‘Modulation and TBS index table’. Considering this working assumption, we should determine the exact scaling factor(s) based on selecting the scaling factor <1 so as to avoid reducing the peak SE (after adding additional MCS values above 28) compared to MCS 28 with scaling factor 1.When examining multiplying by a scaling factor which is less than 1, it was determined that the scaled TBS will become smaller and the effective channel code rate in receiver may be less than 0.931. 
A single factor can be considered for all MCS values. This is a simple scheme to meet the requirement of the effective channel code rate. On the other hand, different scaling factors can also be considered for some MCS values which would need TBS scaling. For example, only several MCS values (i.e., MCS 18~20) corresponding to 16-QAM and several MCS values (i.e., 24~28) corresponding to 64-QAM have the related effective channel code rate values which are larger than 0.931. By using different scaling factors for these MCS values, the monotonic spectral efficiency and high spectral efficiency can be met.
Observation 1: Both one scaling factor and multiple scaling factors are feasible for TBS scaling.
According to the working assumption of RAN1#92, the number of additional MCS indices is three, taking into consideration that when selecting the scaling factor <1 so as to avoid reducing the peak spectral efficiency.  
By using scaling factor or the combination of scaling factor and changed MCS values, the effective channel code rates of most MCS values for single transmission are less than 0.931. At the same time, the effective channel code rates for several high MCS values (e.g., MCS 26~28) can be larger than 0.931 to support high spectral efficiency. Three examples for enhancements can be seen in the appendix, including the cases of one scaling factor and multiple scaling factors and the combination of scaling factor and changed MCS values. By comparing the three enhancements, the monotonic spectral efficiency and high spectral efficiency can be met better by using the multiple scaling factors enhancement. 
Observation 2: The monotonic spectral efficiency and high spectral efficiency can be met better by using multiple scaling factors for MCS values.
In consideration of the discussion above, additional MCS values are not needed for current MCS table (Table 8.6.1-1 in 3GPP TS 36.213 [5]). Moreover, using a larger scaling factor (note: a value of 1 scaling factor is not precluded) for the highest MCS values (i.e., MCS 28, as shown in case 2 in the appendix), peak spectral efficiency could not be reduced (or would only be reduced slightly). Although the related effective channel code rate is larger than 0.931, it would not be a problem anymore because two transmissions are considered. 
On the other hand, if additional MCS values are introduced, TBS should be selected for different number of PRB. In our point of view, the specification work would be time-consuming for this enhancement. 
Observation 3: By using 1 as the scaling factor for MCS 28, the peak spectral efficiency reduction can be avoided.
Proposal 2: Additional MCS values are not deemed necessary for the current MCS table to support 64 QAM. 
[bookmark: OLE_LINK10]Observation 4: The WA in RAN1 #92 should be revisited. 
3 Conclusion
This contribution focused on support for 64-QAM for 3GPP V2X Phase 2. It also includes the following observations and proposals:
Proposal 1: One of the reserved information bits in SCI format 1 can be used to indicate Rel-15 format.
Observation 1: Both one scaling factor and multiple scaling factors are feasible for TBS scaling.
Observation 2: The monotonic spectral efficiency and high spectral efficiency can be met better by using multiple scaling factors for MCS values.
Observation 3: By using 1 as the scaling factor for MCS 28, the peak spectral efficiency reduction can be avoided.
Proposal 2: Additional MCS values are not deemed necessary for the current MCS table to support 64 QAM.
Observation 4: The WA in RAN1 #92 should be revisited.
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Appendix
As examples, only three PRBs is illustrated.
Case 1: One scaling factor
	NPRB
	IMCS
	ITBS
	Qm’
	TBS
	Scaling factor
	Scaled TBS
	code rate
	Efficiency (bits/RE)

	3
	0
	0
	2
	56
	0.88
	56
	0.138888889
	0.111111111

	3
	1
	1
	2
	88
	0.88
	88
	0.194444444
	0.174603175

	3
	2
	2
	2
	144
	0.88
	136
	0.277777778
	0.26984127

	3
	3
	3
	2
	176
	0.88
	176
	0.347222222
	0.349206349

	3
	4
	4
	2
	208
	0.88
	208
	0.402777778
	0.412698413

	3
	5
	5
	2
	224
	0.88
	208
	0.402777778
	0.412698413

	3
	6
	6
	2
	256
	0.88
	256
	0.486111111
	0.507936508

	3
	7
	7
	2
	328
	0.88
	296
	0.555555556
	0.587301587

	3
	8
	8
	2
	392
	0.88
	376
	0.694444444
	0.746031746

	3
	9
	9
	2
	456
	0.88
	408
	0.75
	0.80952381

	3
	10
	10
	2
	504
	0.88
	456
	0.833333333
	0.904761905

	3
	11
	10
	4
	504
	0.88
	456
	0.416666667
	0.904761905

	3
	12
	11
	4
	584
	0.88
	520
	0.472222222
	1.031746032

	3
	13
	12
	4
	680
	0.88
	600
	0.541666667
	1.19047619

	3
	14
	13
	4
	744
	0.88
	680
	0.611111111
	1.349206349

	3
	15
	14
	4
	840
	0.88
	744
	0.666666667
	1.476190476

	3
	16
	15
	4
	904
	0.88
	808
	0.722222222
	1.603174603

	3
	17
	16
	4
	968
	0.88
	872
	0.777777778
	1.73015873

	3
	18
	17
	4
	1064
	0.88
	968
	0.861111111
	1.920634921

	3
	19
	18
	4
	1160
	0.88
	1032
	0.916666667
	2.047619048

	3
	20
	19
	4
	1288
	0.88
	1160
	1.027777778
	2.301587302

	3
	21
	19
	6
	1288
	0.88
	1160
	0.685185185
	2.301587302

	3
	22
	20
	6
	1382
	0.88
	1224
	0.722222222
	2.428571429

	3
	23
	21
	6
	1480
	0.88
	1352
	0.796296296
	2.682539683

	3
	24
	22
	6
	1608
	0.88
	1416
	0.833333333
	2.80952381

	3
	25
	23
	6
	1736
	0.88
	1544
	0.907407407
	3.063492063

	3
	26
	24
	6
	1800
	0.88
	1608
	0.944444444
	3.19047619

	3
	27
	25
	6
	1864
	0.88
	1736
	1.018518519
	3.444444444

	3
	28
	26
	6
	2216
	0.88
	1992
	1.166666667
	3.952380952



Case 2: Multiple scaling factors
	NPRB
	IMCS
	ITBS
	Qm’
	TBS
	Scaling factor
	Scaled TBS
	code rate
	Efficiency (bits/RE)

	3
	0
	0
	2
	56
	1
	56
	0.138888889
	0.111111111

	3
	1
	1
	2
	88
	1
	88
	0.194444444
	0.174603175

	3
	2
	2
	2
	144
	1
	144
	0.291666667
	0.285714286

	3
	3
	3
	2
	176
	1
	176
	0.347222222
	0.349206349

	3
	4
	4
	2
	208
	1
	208
	0.402777778
	0.412698413

	3
	5
	5
	2
	224
	1
	224
	0.430555556
	0.444444444

	3
	6
	6
	2
	256
	1
	256
	0.486111111
	0.507936508

	3
	7
	7
	2
	328
	1
	328
	0.611111111
	0.650793651

	3
	8
	8
	2
	392
	1
	392
	0.722222222
	0.777777778

	3
	9
	9
	2
	456
	1
	456
	0.833333333
	0.904761905

	3
	10
	10
	2
	504
	1
	504
	0.916666667
	1

	3
	11
	10
	4
	504
	1
	504
	0.458333333
	1

	3
	12
	11
	4
	584
	1
	584
	0.527777778
	1.158730159

	3
	13
	12
	4
	680
	1
	680
	0.611111111
	1.349206349

	3
	14
	13
	4
	744
	1
	744
	0.666666667
	1.476190476

	3
	15
	14
	4
	840
	1
	840
	0.750000000
	1.666666667

	3
	16
	15
	4
	904
	1
	904
	0.805555556
	1.793650794

	3
	17
	16
	4
	968
	0.96
	936
	0.833333333
	1.857142857

	3
	18
	17
	4
	1064
	0.90
	968
	0.861111111
	1.920634921

	3
	19
	18
	4
	1160
	0.86
	1000
	0.888888889
	1.984126984

	3
	20
	19
	4
	1288
	0.80
	1032
	0.916666667
	2.047619048

	3
	21
	19
	6
	1288
	0.90
	1160
	0.685185185
	2.301587302

	3
	22
	20
	6
	1382
	0.88
	1224
	0.722222222
	2.428571429

	3
	23
	21
	6
	1480
	0.91
	1352
	0.796296296
	2.682539683

	3
	24
	22
	6
	1608
	0.88
	1416
	0.833333333
	2.809523810

	3
	25
	23
	6
	1736
	0.88
	1544
	0.906828704
	3.063492063

	3
	26
	24
	6
	1800
	0.89
	1608
	0.944444444
	3.190476190

	3
	27
	25
	6
	1864
	0.96
	1800
	1.055555556
	3.571428571

	3
	28
	26
	6
	2216
	1
	2216
	1.296296296
	4.396825397



Case 3: Combination of scaling factor and changed MCS values 
	NPRB
	IMCS
	ITBS
	Qm’
	TBS
	Scaling factor
	Scaled TBS
	code rate
	Efficiency (bits/RE)

	3
	0
	0
	2
	56
	0.88
	56
	0.138888889
	0.111111111

	3
	1
	1
	2
	88
	0.88
	88
	0.194444444
	0.174603175

	3
	2
	2
	2
	144
	0.88
	136
	0.277777778
	0.26984127

	3
	3
	3
	2
	176
	0.88
	176
	0.347222222
	0.349206349

	3
	4
	4
	2
	208
	0.88
	208
	0.402777778
	0.412698413

	3
	5
	5
	2
	224
	0.88
	208
	0.402777778
	0.412698413

	3
	6
	6
	2
	256
	0.88
	256
	0.486111111
	0.507936508

	3
	7
	7
	2
	328
	0.88
	296
	0.555555556
	0.587301587

	3
	8
	8
	2
	392
	0.88
	376
	0.694444444
	0.746031746

	3
	9
	9
	2
	456
	0.88
	408
	0.75
	0.80952381

	3
	10
	9
	4
	456
	0.88
	408
	0.375
	0.80952381

	3
	11
	10
	4
	504
	0.88
	456
	0.416666667
	0.904761905

	3
	12
	11
	4
	584
	0.88
	520
	0.472222222
	1.031746032

	3
	13
	12
	4
	680
	0.88
	600
	0.541666667
	1.19047619

	3
	14
	13
	4
	744
	0.88
	680
	0.611111111
	1.349206349

	3
	15
	14
	4
	840
	0.88
	744
	0.666666667
	1.476190476

	3
	16
	15
	4
	904
	0.88
	808
	0.722222222
	1.603174603

	3
	17
	16
	4
	968
	0.88
	872
	0.777777778
	1.73015873

	3
	18
	17
	4
	1064
	0.88
	968
	0.861111111
	1.920634921

	3
	19
	17
	6
	1064
	0.88
	968
	0.574074074
	1.920634921

	3
	20
	18
	6
	1160
	0.88
	1032
	0.611111111
	2.047619048

	3
	21
	19
	6
	1288
	0.88
	1160
	0.685185185
	2.301587302

	3
	22
	20
	6
	1382
	0.88
	1224
	0.722222222
	2.428571429

	3
	23
	21
	6
	1480
	0.88
	1352
	0.796296296
	2.682539683

	3
	24
	22
	6
	1608
	0.88
	1416
	0.833333333
	2.80952381

	3
	25
	23
	6
	1736
	0.88
	1544
	0.907407407
	3.063492063

	3
	26
	24
	6
	1800
	0.88
	1608
	0.944444444
	3.19047619

	3
	27
	25
	6
	1864
	0.88
	1736
	1.018518519
	3.444444444

	3
	28
	26
	6
	2216
	0.88
	1992
	1.166666667
	3.952380952
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