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In RAN1#90bis, the following was agreed:
	[bookmark: _Hlk506293649]Agreement: 
· 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
Note: for communication of Rel-15 UEs with Rel-14 UEs, the Rel-14 MCS table is used



In RAN1#91, no significant progress could be possible due to different understanding of companies about the FFS above i.e. scaling factor value, and if coding rates >0.932 are allowed. In this respect, we made the at least the following agreements:

	Agreement
· 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)
· 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 R1-1721250.
· 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.
Agreement
· RAN1 agrees to finalize principle defining MCS/TBS tables at the RAN1 #92 meeting



In this contribution, we present our views on the specification of 64QAM modulation for sidelink communication, including outstanding issues related to the existing agreements and working assumptions. 
Modified MCS/TBS table
RAN1 has agreed the modification of the MCS table to change the switching point between modulations and further for study is to whether it is necessary to ensure that the coding rate values are below 0.932 even for the highest MCS values for each modulation. This is to fix the legacy MCS/TBS configurations with problems [2] as listed below:
· For IMCS = 10 (QPSK configuration with highest coding rate) and some bandwidth allocations, decoding leads to errors with single transmission. 
· For IMCS = 18-20 (16QAM configurations with highest coding rates) most bandwidth allocations lead to decoding errors with single transmission.
· In addition, IMCS ≥ 21 originally used 64QAM in UL but this was changed to 16QAM in SL. These values can only be used with multiple transmissions.
Changing the modulation switch points to MCS=10 (QPSK to 16-QAM) and MCS=18 (16-QAM to 64-QAM), together with rate matching the GP (instead of puncturing) solves the problem for QPSK and 16-QAM.
Changing the modulation switching point (QPSK – 16QAM) from IMCS = 11 (corresponding to ITBS = 10) to IMCS = 10 (corresponding to ITBS = 9) solves the decoding error problems for low-range MCS values.
Changing the modulation switching point (16QAM – 64QAM) from IMCS = 21 (corresponding to ITBS = 19) to IMCS = 18 (corresponding to ITBS = 16) solves the decoding error problems for mid-range MCS values.
We note that if the switching points of the modulations are shifted, it is necessary to redefine the mapping between IMCS and ITBS. The reason is that the (current) mapping is defined to allow both choices of modulation for TBS at transition points. 
If the modulation switching points are modified, it is necessary to redefine the IMCS-ITBS mapping for IMCS corresponding to changed modulation scheme.
In Table 1, we present a new mapping between MCS index, TBS index, and modulation order that takes into account the preceding observations. For reference, we have also included the existing (legacy) mapping.
Use the new mapping in Table 1 for Rel-15 except when transmitting to Rel-14 UEs.
[bookmark: _Ref498542058]Table 1. Legacy and new mappings between MCS index, TBS index, and modulation order.
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	4
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	12
	4
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	4
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	4
	14
	4
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	16
	4
	15
	4
	15
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	4
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	4
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	6
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	4
	18
	6
	17

	20
	4
	19
	6
	18
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	6
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	21
	6
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	6
	22
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	6
	23
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	23

	26
	6
	24
	6
	24

	27
	6
	25
	6
	25

	28
	6
	26
	6
	26
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	Reserved
	Reserved

	30
	
	

	31
	
	



Modifying the MCS table to change the switching points between modulations solves the decoding problems for QPSK and 16-QAM. However, the problems persist for 64-QAM. That is, transmissions with high MCS values are not decodable without retransmissions. The reason is that the additional overhead introduced for V2X compared to UL (GP, 4xDMRS, AGC) increase the coding rate beyond 0.932 (or even 1). 
High MCS values corresponding to 64-QAM are not decodable based on single transmission.
Note that it is not common for the LTE specification to provide TBS values that cannot be decoded based on a single transmission. Also note that for safety related V2X applications, it is necessary that the packets are transmitted reliably and within the latency budget. That is, relying on multiple transmissions for decoding a single TB is not reasonable for sidelink-V2X, which is inherently less reliable than UL/DL transmission. Therefore, it is important that to design a system that allows for decoding based on a single decodable transmission. Furthermore, we should avoid problematic MCSs as in Rel. 14 [3]. 
TB must be decodable based on a single transmission.
For this purpose, we propose to introduce a TBS scaling factor on top of the modifications described in Section 2. We note that introducing a scaling factor is not necessary for MCS values corresponding to QPSK and 16-QAM. On the other hand, introducing a single scaling factor for all MCS using 64-QAM introduces monotonicity problems for the spectral efficiency as illustrated with some examples in the appendix. 
Scaling of TBS for MCS values corresponding to 64-QAM is necessary to ensure correct decoding based on a single transmission. Scaling of TBS for MCS values corresponding to QPSK and 16-QAM is not necessary.
Using a single TBS scaling factor only for 64-QAM may introduce a non-monotonic behaviour of the spectral efficiency.
Consequently, we propose to apply a different TBS scaling value for each MCS value. 
Introduce a TBS scaling value (≤ 1) for each MCS value corresponding to 64-QAM.
In the appendix, we present scaling values corresponding to all MCS using 64-QAM which solve the decoding problems without introducing a non-monotonic behaviour. Note that although the appendix refers only to an allocation of 3 RBs, the same scaling factors work well for all valid RB allocations in LTE-V2X.
In RAN1#91, no agreement on the principle of MCS/TBS design could be achieved due to difference in opinions of companies when it comes to optimization for peak spectral efficiency. To avoid a similar situation and fulfil the agreement of defining the design principle, we present two compromise solutions that were discussed:
· Alt. 1) Define two TBS tables with and without TBS scaling. The table to use in each situation may be chosen depending on the number of transmissions or the use case (e.g., high throughput use cases). 
· Alt. 2) Use reserved MCS values (i.e. IMCS > 28) to increase peak spectral efficiency and corresponding TB may not be decodable for single transmission. 
In our view, the 2) contains all the necessary elements and has smaller specification effort than 1). In particular, the discussion on criteria for selecting between the tables in 1) may be controversial although the gains compared to 2) may be small or inexistent.
Proposal 4	A compromising solution is to make use of some of the reserved MCS values (i.e. IMCS>28) to increase peak spectral efficiency. 
Receiver requirements
The current Rel. 14 specification captures the minimum decoding requirements for a UE under the assumption that only QPSK and 16QAM are supported.
RAN1 to revise the minimum decoding requirements, including soft buffer size, etc.
LS to RAN2
Once modifications to MCS/TBS table is agreed, we propose informing RAN2 of the changes and requesting them to introduce the necessary changes to the existing framework for restricting the transport format based on factors such as speed, synchronization, and/or service class etc.
Send an LS to RAN2 requesting them to introduce the necessary changes to the existing framework for restricting the transport format based on factors such as speed, synchronization, and/or service class.
Conclusion 
In this paper, we have discussed the introduction of support for 64QAM for V2X and observed the following:
1. Changing the modulation switching point (QPSK – 16QAM) from IMCS = 11 (corresponding to ITBS = 10) to IMCS = 10 (corresponding to ITBS = 9) solves the decoding error problems for low-range MCS values.
Changing the modulation switching point (16QAM – 64QAM) from IMCS = 21 (corresponding to ITBS = 19) to IMCS = 18 (corresponding to ITBS = 16) solves the decoding error problems for mid-range MCS values.
If the modulation switching points are modified, it is necessary to redefine the IMCS-ITBS mapping for IMCS corresponding to changed modulation scheme.
High MCS values corresponding to 64-QAM are not decodable based on single transmission.
Scaling of TBS for MCS values corresponding to 64-QAM is necessary to ensure correct decoding based on a single transmission. Scaling of TBS for MCS values corresponding to QPSK and 16-QAM is not necessary.
Using a single TBS scaling factor only for 64-QAM may introduce a non-monotonic behaviour of the spectral efficiency.
Proposal 4	A compromising solution is to make use of some of the reserved MCS values (i.e. IMCS>28) to increase peak spectral efficiency.
Based on the discussion, we have proposed the following:
1. Use the new mapping in Table 1 for Rel-15 except when transmitting to Rel-14 UEs.
TB must be decodable based on a single transmission.
Introduce a TBS scaling value (≤ 1) for each MCS value corresponding to 64-QAM.
RAN1 to revise the minimum decoding requirements, including soft buffer size, etc.
Send an LS to RAN2 requesting them to introduce the necessary changes to the existing framework for restricting the transport format based on factors such as speed, synchronization, and/or service class.
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Appendix
a) Case 1: Choosing scaling factor to keep the monotonic behavior
               i.e. Scaling factor = 1
	#RBs
	I_TBS
	TBS (original)
	Factor
	TBS (modified)
	Modulation (modified)
	Coding rate (modified)
	Efficiency (bits/RE)

	3
	0
	56
	1
	56
	2
	0.138888889
	0.111111111

	3
	1
	88
	1
	88
	2
	0.194444444
	0.174603175

	3
	2
	144
	1
	144
	2
	0.291666667
	0.285714286

	3
	3
	176
	1
	176
	2
	0.347222222
	0.349206349

	3
	4
	208
	1
	208
	2
	0.402777778
	0.412698413

	3
	5
	224
	1
	224
	2
	0.430555556
	0.444444444

	3
	6
	256
	1
	256
	2
	0.486111111
	0.507936508

	3
	7
	328
	1
	328
	2
	0.611111111
	0.650793651

	3
	8
	392
	1
	392
	2
	0.722222222
	0.777777778

	3
	9
	456
	1
	456
	2
	0.833333333
	0.904761905

	3
	10
	504
	1
	504
	4
	0.458333333
	1

	3
	11
	584
	1
	584
	4
	0.527777778
	1.158730159

	3
	12
	680
	1
	680
	4
	0.611111111
	1.349206349

	3
	13
	744
	1
	744
	4
	0.666666667
	1.476190476

	3
	14
	840
	1
	840
	4
	0.75
	1.666666667

	3
	15
	904
	1
	904
	4
	0.805555556
	1.793650794

	3
	16
	968
	1
	968
	4
	0.861111111
	1.920634921

	3
	17
	1064
	1
	1064
	6
	0.62962963
	2.111111111

	3
	18
	1160
	1
	1160
	6
	0.685185185
	2.301587302

	3
	19
	1288
	1
	1288
	6
	0.759259259
	2.555555556

	3
	20
	1384
	1
	1384
	6
	0.814814815
	2.746031746

	3
	21
	1480
	1
	1480
	6
	0.87037037
	2.936507937

	3
	22
	1608
	1
	1608
	6
	0.944444444
	3.19047619

	3
	23
	1736
	1
	1736
	6
	1.018518519
	3.444444444

	3
	24
	1800
	1
	1800
	6
	1.055555556
	3.571428571

	3
	25
	1864
	1
	1864
	6
	1.092592593
	3.698412698

	3
	26
	2216
	1
	2216
	6
	1.296296296
	4.396825397



b) Case 2: Choosing scaling factor to keep the code rate ≤ 1 for all MCS, i.e., Scaling factor = 0.768

	#RBs
	I_TBS
	TBS (original)
	Factor
	TBS (modified)
	Modulation (modified)
	Coding rate (modified)
	Efficiency (bits/RE)

	3
	0
	56
	1
	56
	2
	0.138888889
	0.111111111

	3
	1
	88
	1
	88
	2
	0.194444444
	0.174603175

	3
	2
	144
	1
	144
	2
	0.291666667
	0.285714286

	3
	3
	176
	1
	176
	2
	0.347222222
	0.349206349

	3
	4
	208
	1
	208
	2
	0.402777778
	0.412698413

	3
	5
	224
	1
	224
	2
	0.430555556
	0.444444444

	3
	6
	256
	1
	256
	2
	0.486111111
	0.507936508

	3
	7
	328
	1
	328
	2
	0.611111111
	0.650793651

	3
	8
	392
	1
	392
	2
	0.722222222
	0.777777778

	3
	9
	456
	1
	456
	2
	0.833333333
	0.904761905

	3
	10
	504
	1
	504
	4
	0.458333333
	1

	3
	11
	584
	1
	584
	4
	0.527777778
	1.158730159

	3
	12
	680
	1
	680
	4
	0.611111111
	1.349206349

	3
	13
	744
	1
	744
	4
	0.666666667
	1.476190476

	3
	14
	840
	1
	840
	4
	0.75
	1.666666667

	3
	15
	904
	1
	904
	4
	0.805555556
	1.793650794

	3
	16
	968
	1
	968
	4
	0.861111111
	1.920634921

	3
	17
	1064
	0.768
	824
	6
	0.490740741
	1.634920635

	3
	18
	1160
	0.768
	896
	6
	0.532407407
	1.777777778

	3
	19
	1288
	0.768
	992
	6
	0.587962963
	1.968253968

	3
	20
	1384
	0.768
	1064
	6
	0.62962963
	2.111111111

	3
	21
	1480
	0.768
	1144
	6
	0.675925926
	2.26984127

	3
	22
	1608
	0.768
	1240
	6
	0.731481481
	2.46031746

	3
	23
	1736
	0.768
	1336
	6
	0.787037037
	2.650793651

	3
	24
	1800
	0.768
	1384
	6
	0.814814815
	2.746031746

	3
	25
	1864
	0.768
	1432
	6
	0.842592593
	2.841269841

	3
	26
	2216
	0.768
	1704
	6
	1
	3.380952381


Note that the monotonicity problem is even worse if we choose the scaling factor so that the code rate ≤ 0.932 for all MCS.
c) Case 3: choosing different scaling factors to keep the code rate ≤ 0.932 for all MCS and get the monotonic spectral efficiency
	#RBs
	I_TBS
	TBS (original)
	Factor
	TBS (modified)
	Modulation (modified)
	Coding rate (modified)
	Efficiency (bits/RE)

	3
	0
	56
	1
	56
	2
	0.138888889
	0.111111111

	3
	1
	88
	1
	88
	2
	0.194444444
	0.174603175

	3
	2
	144
	1
	144
	2
	0.291666667
	0.285714286

	3
	3
	176
	1
	176
	2
	0.347222222
	0.349206349

	3
	4
	208
	1
	208
	2
	0.402777778
	0.412698413

	3
	5
	224
	1
	224
	2
	0.430555556
	0.444444444

	3
	6
	256
	1
	256
	2
	0.486111111
	0.507936508

	3
	7
	328
	1
	328
	2
	0.611111111
	0.650793651

	3
	8
	392
	1
	392
	2
	0.722222222
	0.777777778

	3
	9
	456
	1
	456
	2
	0.833333333
	0.904761905

	3
	10
	504
	1
	504
	4
	0.458333333
	1

	3
	11
	584
	1
	584
	4
	0.527777778
	1.158730159

	3
	12
	680
	1
	680
	4
	0.611111111
	1.349206349

	3
	13
	744
	1
	744
	4
	0.666666667
	1.476190476

	3
	14
	840
	1
	840
	4
	0.75
	1.666666667

	3
	15
	904
	1
	904
	4
	0.805555556
	1.793650794

	3
	16
	968
	1
	968
	4
	0.861111111
	1.920634921

	3
	17
	1064
	1
	1064
	6
	0.62962963
	2.111111111

	3
	18
	1160
	0.95
	1104
	6
	0.652777778
	2.19047619

	3
	19
	1288
	0.9
	1160
	6
	0.685185185
	2.301587302

	3
	20
	1384
	0.85
	1184
	6
	0.699074074
	2.349206349

	3
	21
	1480
	0.825
	1224
	6
	0.722222222
	2.428571429

	3
	22
	1608
	0.8
	1288
	6
	0.759259259
	2.555555556

	3
	23
	1736
	0.8
	1392
	6
	0.819444444
	2.761904762

	3
	24
	1800
	0.8
	1440
	6
	0.847222222
	2.857142857

	3
	25
	1864
	0.8
	1496
	6
	0.87962963
	2.968253968

	3
	26
	2216
	0.7
	1552
	6
	0.912037037
	3.079365079


Although we do not include it here, it can be easily shown that the factors selected above ensure that for all the valid RB allocations, the code rate ≤ 0.932 and the spectral efficiency increases monotonically.
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