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Introduction
This contribution provides a methodology for designing the 256-QAM MCS table for CP-FDM along with a proposed table resulting from this methodology. The following agreements from RAN1 #90bis were used as guidelines toward the design.

Agreement
For NR PDSCH MCS table, support two separate 5 bit tables for 64QAM and 256QAM and RAN1 will strive to reuse as many entries as possible
· The 64QAM MCS table should be default unless the UE is configured to use 256QAM MCS table
· RRC signalling is used to choose between the two MCS tables

Agreement
For NR PUSCH MCS table (in case of CP-OFDM), support two separate 5 bit tables for 64QAM and 256QAM and RAN1 will strive to reuse as many entries as possible
· The 64QAM MCS table should be default unless the UE is configured to use 256QAM MCS table
· RRC signalling is used to choose between the two MCS tables

Agreement
For NR PUSCH MCS table (in case of DFT-s-OFDM), support two separate 5 bit tables for 64QAM and 256QAM and RAN1 will strive to reuse as many entries as possible
· The MCS table will include entries for PI/2 BPSK
· The 64QAM MCS table should be default unless the UE is configured to use 256QAM MCS table
· [bookmark: _Hlk495617136]RRC signalling is used to choose between the two MCS tables
· Note: In the case a UE supports only up to 16QAM, the default table should be used

Agreement
The following fields are used in defining the MCS table: 
· MCS index and a corresponding modulation order and target code rate x [1024]

Methodology for MCS
The following requirements were considered for the design of the 256-QAM NR MCS table for CP-OFDM.
Proposal 1:
1. The NR MCS table shall have a total of 32 entries, 4 of which shall be used to signal to the UE to use TBS from a previously transmitted DCI message with the associated modulation order.
2. The code rate for any modulation shall not exceed approximately 0.93.
3. The spectral efficiency gaps between successive entries shall be uniform starting from [0.07]

The spectral efficiencies in the range of approximately 0.07 to 0.74 are as shown in Table 1 below. The gap between successive elements is 0.273.

[bookmark: _Ref498689923]Table 1: Spectral Efficiency Table with 28 MCS indices
	MCS Index
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	SE (bps/Hz)
	0.076
	0.349
	0.622
	0.895
	1.168
	1.441
	1.714
	1.987
	2.26
	2.533
	2.806
	3.079
	3.352
	3.625



	MCS Index
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28

	SE (bps/Hz)
	3.898
	4.171
	4.444
	4.717
	4.99
	5.263
	5.536
	5.809
	6.08
	6.355
	6.628
	6.901
	7.174
	7.447





Evaluation results
For each modulation, EsNo values were generated for code rates up to ~0.93. For overlapped rows, we choose the modulation that minimizes required EsNo to achieve a given CBLER, as shown in Table 2 below. 

Note that for rows with the same spectral efficiency across modulation orders (colored yellow/blue/green), we keep only the row entry that minimizes the required EsNo to achieve a given CBLER for the EPA channel. The greyed-out rows have spectral efficiencies much beyond 0.93 or below 0.33. For example, in the yellow row with a spectral efficiency of 1.441 bps/Hz (common between QPSK and 16-QAM), we pick the 16-QAM entry as it has a lower required EsNo of 10.6380 dB and 15.6270 dB (at CBLERs of 0.1 and 0.01) than the corresponding EsNos of QPSK (12.3856 and 17.7763 dB  respectively). The same logic holds for choosing 16-QAM over 64-QAM from spectral efficiencies of 1.987 to 2.533 bps/Hz, 64-QAM from 2.806 bps/Hz to 4.717 bps/Hz and 256-QAM beyond that.

[bookmark: _Ref498689948]Table 2: Sweep of Modulation and Coding rate to pick 28 entries for the MCS table.
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The final MCS table is shown below, along with the EsNo values at 10% and 1% CBLER for EPA channel. This table is proposed for NR and 256-QAM.

Proposal 2: The modulation order which requires the lowest EsNo when accounting for fading should be chosen for each spectral efficiency.

Proposal 3: We propose that the following table be adopted as the NR MCS Table for CP-OFDM and 256-QAM at least for entries > 2.
Table 3: MCS Table with 28 entries with EPA EsNo values.
[image: ]

Conclusions 
Proposal 1:
1. The NR MCS table shall have a total of 32 entries, 4 of which shall be used to signal to the UE to use TBS from a previously transmitted DCI message with the associated modulation order.
2. The code rate for any modulation shall not exceed approximately 0.93.
3. [bookmark: _GoBack]The spectral efficiency gaps between successive entries shall be uniform starting from [0.07]

Proposal 2: The modulation order which requires the lowest EsNo when accounting for fading should be chosen for each spectral efficiency.

Proposal 3: We propose that the following table be adopted as the NR MCS Table for CP-OFDM and 256-QAM at least for entries > 2.

Table 4: Proposed NR MCS Table
	MCS Index
	SE*1024
	Modulation
	CR*1024

	1
	76
	2
	38

	2
	356
	2
	178

	3
	636
	2
	318

	4
	916
	2
	458

	5
	1196
	2
	598

	6
	1472
	4
	368

	7
	1752
	4
	438

	8
	2032
	4
	508

	9
	2312
	4
	578

	10
	2592
	4
	648

	11
	2868
	6
	478

	12
	3150
	6
	525

	13
	3432
	6
	572

	14
	3708
	6
	618

	15
	3990
	6
	665

	16
	4266
	6
	711

	17
	4548
	6
	758

	18
	4830
	6
	805

	19
	5104
	8
	638

	20
	5384
	8
	673

	21
	5664
	8
	708

	22
	5944
	8
	743

	23
	6224
	8
	778

	24
	6504
	8
	813

	25
	6784
	8
	848

	26
	7064
	8
	883

	27
	7344
	8
	918

	28
	7624
	8
	953
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1 0.076 0.0380

2 0.349 0.1745 0.0873 0.0582

3 0.622 0.3110 4.5256 9.5451 0.1555 0.1037 0.0778

4 0.895 0.4475 6.3571 10.5647 0.2238 0.1492 0.1119

5 1.168 0.5840 9.1586 14.1675 0.2920 0.1947 0.1460

6 1.441 0.7205 12.3856 17.7763 0.3603 10.6380 15.6270 0.2402 0.1801

7 1.714 0.8570 16.6857 23.1469 0.4285 12.3409 17.8584 0.2857 0.2143

8 1.987 0.9935 0.4968 14.2133 19.8562 0.3312 14.6029 19.9455 0.2484

9 2.26 0.5650 15.5431 21.7638 0.3767 15.8733 21.8554 0.2825

10 2.533 0.6333 17.4377 23.4257 0.4222 17.5604 23.116 0.3166

11 2.806 0.7015 18.8600 25.4900 0.4677 18.5895 24.3579 0.3508 19.1290

12 3.079 0.7698 20.5000 27.7000 0.5132 19.6454 26.1067 0.3849 20.1864 26.5895

13 3.352 0.8380 21.9800 30.0467 0.5587 20.452 27.1431 0.4190 21.5953 27.3989

14 3.625 0.9063 24.3230 33.7190 0.6042 21.867 28.5249 0.4531 22.5380 29.0680

15 3.898 0.9745 0.6497 22.7455 29.8455 0.4873 23.2500 29.9429

16 4.171 0.6952 23.7636 31.0989 0.5214 24.2143 31.1253

17 4.444 0.7407 24.7862 32.8359 0.5555 25.0667 32.3809

18 4.717 0.7862 25.6411 33.7494 0.5896 25.7737 33.3093

19 4.99 0.8317 27.1063 36.018 0.6238 26.8739 34.2164

20 5.263 0.8772 28.0711 38.064 0.6579 27.2991 34.9033

21 5.536 0.9227 29.7547 40.4173 0.6920 28.6037 36.4992

22 5.809 0.9682 0.7261 29.2286 37.1350

23 6.082 0.7603 29.9221 38.6569

24 6.355 0.7944 30.9879 39.5016

25 6.628 0.8285 31.5706 40.9024

26 6.901 0.8626 32.8359 42.1709

27 7.174 0.8968 33.9059 44.1199

28 7.447 0.9309 35.1315 46.8285

QPSK  16-QAM 64-QAM 256-QAM
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MCS Index SE Diff SE Modulation CR EsN0 at BLER = 10% EsN0 at BLER = 1%

1 N/A 0.076 2 0.038

2 0.273 0.349 2 0.175

3 0.273 0.622 2 0.311 4.5256 9.5451

4 0.273 0.895 2 0.448 6.3571 10.5647

5 0.273 1.168 2 0.584 9.1586 14.1675

6 0.273 1.441 4 0.360 10.638 15.627

7 0.273 1.714 4 0.429 12.3409 17.8584

8 0.273 1.987 4 0.497 14.2133 19.8562

9 0.273 2.260 4 0.565 15.5431 21.7638

10 0.273 2.533 4 0.633 17.4377 23.4257

11 0.273 2.806 6 0.468 18.5895 24.3579

12 0.273 3.079 6 0.513 19.6454 26.1067

13 0.273 3.352 6 0.559 20.452 27.1431

14 0.273 3.625 6 0.604 21.867 28.5249

15 0.273 3.898 6 0.650 22.7455 29.8455

16 0.273 4.171 6 0.695 23.7636 31.0989

17 0.273 4.444 6 0.741 24.7862 32.8359

18 0.273 4.717 6 0.786 25.6411 33.7494

19 0.273 4.990 8 0.624 26.8739 34.2164

20 0.273 5.263 8 0.658 27.2991 34.9033

21 0.273 5.536 8 0.692 28.6037 36.4992

22 0.273 5.809 8 0.726 29.2286 37.135

23 0.273 6.082 8 0.760 29.9221 38.6569

24 0.273 6.355 8 0.794 30.9879 39.5016

25 0.273 6.628 8 0.829 31.5706 40.9024

26 0.273 6.901 8 0.863 32.8359 42.1709

27 0.273 7.174 8 0.897 33.9059 44.1199

28 0.273 7.447 8 0.931 35.1315 46.8285


