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1. Introduction
In RAN1#90bis, the following agreements on NR  CQI  and  MCS were achieved.
Agreement:
Two separate CQI tables are supported for eMBB 
One for maximum modulation order is 256-QAM
One for maximum modulation order is 64-QAM
The target BLER for CQI tables is 10%
Note: RRC signalling is used by gNB to select one of the above two tables 
Agreement:
N separate CQI table(s) are supported for URLLC
Downselect the value of N between 1 or 2
Two target BLER are supported for URLLC
Note: RRC signalling is used by gNB to select one of the two target BLER
Note: The configuration of target BLER or CQI table is part of CSI report setting 
Agreement:
[bookmark: OLE_LINK8]For CQI table of maximum modulation order of 64QAM, the CQI table from LTE Rel-8 is reused
[bookmark: OLE_LINK1]For CQI table of maximum modulation order of 256QAM, a CQI field size of 4 bits is supported
FFS on the details of the CQI table
Agreement:
Two independent CQI fields are supported for WB CQI when two CWs is applied
Note: Differential WB CQI is not used for the two CWs
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]
In this contribution, we discuss the above detailed design aspects on NR CQI and MCS table. And we give these  designed  NR CQI and MCS tables in detail for eMBB. We also copy the CQI/MCS tables from LTE Spec. 36213-e40 into Appendix 2 for reference.
2. Discussion on NR URLLC CQI/MCS table
For URLLC, according to Figure 1 and Figure 2 based on the simulation assumption in Table 1, Polar codes outperform LDPC codes with around 1dB SNR at BLER=10^-5 when information block size equals to 40, but LDPC codes outperform Polar codes with around 1dB SNR at BLER=10^-5 when information block size equals to 1600, therefore both Polar codes and LDPC codes have their own obvious performance advantage in different information block size range. More importantly, channel coding scheme for URLLC has not be discussed and decided. Meanwhile the performance of error floor is still not clear for both codes. Thus the TBS selection should be done after the channel coding scheme is completed. Furthermore, the target BLER for URLLC is different with  that for eMBB. Based on the above analysis, it is difficult that the CQI/MCS table for URLLC is difficult to be decided, and it is unreasonable that CQI/MCS table for URLLC is reused. We suggest that the discussion on CQI/MCS table for URLLC is delayed to next year.
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Figure 1 Performance comparison of Polar codes and LDPC codes for URLLC
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Figure 2 Performance comparison of Polar codes and LDPC codes for URLLC
[bookmark: _GoBack]Table 1 Simulation assumption of Polar codes and LDPC codes for URLLC
	Attributes
	Values or assumptions

	Channel model
	AWGN

	Code rate
	1/12,1/6,1/3,1/2,2/3

	Information size(wo CRC)
	40,1600

	Coded block size
	Information block size(wo CRC)/code rate 

	Coding scheme
	NR CA-Polar code
	NR LDPC

	CRC length
	24 bits
	16 bits

	Decoding algorthm
	SCL, List =32 
Nmax =4096
	Flooding BP, 50 iterations


Proposal 1: Dedicated CQI/MCS table for URLLC TBS table for URLLC should be decided after channel coding schemes for URLLC is decided.
3. Discussion on NR eMBB CQI table
On NR CQI table for eMBB
For CQI table of maximum modulation order of 64QAM, it has been agreed to reuse LTE Rel-8 table is reused. For CQI table up to 256QAM, the details need to be studied. 
In LTE 256QAM CQI table, the highest code rate is 0.9258 which is the upper limit for LTE. The efficiency of the CQI index 15 is closer to CQI index 14 than the last gap between CQI 14 and CQI 13. According to the agreement of RAN1#90bis, UE can skip decoding with BG1 when the effective code rate is > 0.95. The highest code rate should be 0.95 for NR CQI table up to 256QAM. So the code rate x 1024 of CQI index 15 should be modified from 948 to 972.
We simulate the spectral efficiency of LTE 64QAM and 256QAM tables (with highest code rate modified) based on both Turbo and LDPC in Fig. 3. The simulation assumptions are provided in appendix. Figure 3(b) gives the simulation results of the SNR/efficiency respectively using Turbo and LDPC code. Figure 3(a) gives the simulation results of the SNR/efficiency respectively using Turbo and LDPC code according to 64QAM CQI table. We can find that in figure 3(b) the SNR/efficiency points of LDPC are similar to that of Turbo and only the similar offsets are between them.  Moreover, the gap of the SNR/efficiency points between LDPC and Turbo is similar for the figure 3(a) and (b). Since 64QAM CQI table of LTE is reused for NR, we suggest table 2 should be used for the CQI table of maximum modulation order of 256QAM for NR.
Proposal 2: NR reuses CQI index 0-14 of LTE 256QAM CQI table. 
· CQI index 15 is obtained by extending the highest code rate to 0.95.
Table 2: 4-bit CQI Table up to 256QAM for NR
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK 
	78 
	0.1523 

	2
	QPSK 
	193 
	0.3770 

	3
	QPSK 
	449 
	0.8770 

	4
	16QAM 
	378 
	1.4766 

	5
	16QAM 
	490 
	1.9141 

	6
	16QAM 
	616 
	2.4063 

	7
	64QAM 
	466 
	2.7305 

	8
	64QAM 
	567 
	3.3223 

	9
	64QAM 
	666 
	3.9023 

	10
	64QAM 
	772 
	4.5234 

	11
	64QAM 
	873 
	5.1152 

	12
	256QAM 
	711 
	5.5547 

	13
	256QAM 
	797 
	6.2266

	14
	256QAM 
	885 
	6.9141

	15
	256QAM 
	 972
	 7.5938
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(b)
Figure 3. Simulation results on SNR/efficiency for turbo and LDPC

4. Discussion on NR MCS table
Two separate 5 bit tables for 64QAM and 256QAM are supported for NR PDSCH MCS table, two separate 5 bit tables for 64QAM and 256QAM for NR PUSCH MCS table in case of CP-OFDM and two separate 5 bit tables for 64QAM and 256QAM for NR PUSCH MCS table in case of DFT-s-OFDM. The transmitting power and receiver process ability of UE are different from that of gNB, so the two MCS table for NR PDSCH should be different from the two MCS table for NR PUSCH. Due to including the pi/2 BPSK modulation order, the two MCS table for NR PUSCH in case of DFT-s-OFDM should be different from the two in case of CP-OFDM. So there are six separate 5 bit tables altogether to be discussed for eMBB. 
TBS index in MCS table can be better to use for some service scenarios for example VOIP where some special long TBSs are needed and the TBS formula can not satisfy the requirement. Detailed analysis of TBS indication for VOIP is given in our companion contribution [8][9]. We suggest TBS index  field be used again in MCS table in addition to MCS index, a corresponding modulation order and target code rate x [1024].
Proposal 3:TBS index field is added as a forth column in MCS table in addition to the following fields: MCS index, a corresponding modulation order and target code rate x [1024].
3.1 Discussion on MCS table for NR PDSCH
Table 3 is the MCS table up to 64QAM of LTE adding the code rate and SE columns. These values of SE column are from the CQI table up to 64QAM of LTE Rel-8 and the average operation between the last and the next existing SE values. These values of code rate column are calculated out by the SE and modulation order. According to the table 3, figure 4 gives the simulation results of the SNR/efficiency respectively using Turbo and LDPC code. We can find that the SNR/efficiency points of LDPC are similar to that of Turbo and only the similar offsets are between the both. Further, as CQI table for 64QAM is reused from LTE. We don’t see the necessity of designing a new DL MCS table for up to 64QAM. So we suggest the all entries of table 3 to be used for the MCS table up to 64QAM for NR PDSCH. Similar as LTE, the last three indices are reserved for modulation order indication. Note that in the following MCS tables, the value of TBS indices, marked in gray, are just for information. The exact associated TBS index for each MCS index depends on the discussion and outcome of TBS design for VOIP.
Proposal 4: MCS table up to 64QAM for LTE PDSCH is reused for NR PDSCH.
·  The code rate x 1024 column is added with values implying the same efficiency as LTE.
Table 3 MCS Table for up to 64QAM for NR PDSCH

	
MCS Index

	
Modulation Order

	code rate x 1024
	
TBS Index

	efficiency
	Comments for SE

	0
	2
	120
	0
	0.2344
	CQI2 of 64QAM table

	1
	2
	157
	1
	Average
	

	2
	2
	193
	2
	0.3770
	CQI3 of 64QAM table

	3
	2
	251
	3
	Average
	

	4
	2
	308
	4
	0.6016
	CQI4 of 64QAM table

	5
	2
	379
	5
	Average
	

	6
	2
	449
	6
	0.8770
	CQI5 of 64QAM table

	7
	2
	526
	7
	Average
	

	8
	2
	602
	8
	1.1758
	CQI6 of 64QAM table

	9
	2
	679
	9
	Average
	

	10
	4
	340
	9
	Average
	

	11
	4
	378
	10
	1.4766
	CQI7 of 64QAM table

	12
	4
	434
	11
	Average
	

	13
	4
	490
	12
	1.9141
	CQI8 of 64QAM table

	14
	4
	553
	13
	Average
	

	15
	4
	616
	14
	2.4063
	CQI9 of 64QAM table

	16
	4
	658
	15
	Average
	

	17
	6
	438
	15
	Average
	

	18
	6
	466
	16
	2.7305
	CQI10 of 64QAM table

	19
	6
	517
	17
	Average
	

	20
	6
	567
	18
	3.3223
	CQI11 of 64QAM table

	21
	6
	617
	19
	Average
	

	22
	6
	666
	20
	3.9023
	CQI12 of 64QAM table

	23
	6
	719
	21
	Average
	

	24
	6
	772
	22
	4.5234
	CQI13 of 64QAM table

	25
	6
	823
	23
	Average
	

	26
	6
	873
	24
	5.1152
	CQI14 of 64QAM table

	27
	6
	911
	25
	Average
	

	28
	6
	948
	26/26A
	5.5547
	CQI15 of 64QAM table

	29
	2
	reserved

	30
	4
	

	31
	6
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Figure 4. Simulation results on SNR/efficiency for turbo and LDPC
Table 4 is the MCS table up to 256QAM extending from LTE adding the code rate and SE columns. These values of SE column are from the corresponding CQI table and the average operation between the last and the next existing SE values. These values of code rate column are calculated by the SE and modulation order. For achieving the highest code rate 0.95,  the code rate x 1024 of MCS index 27 is modified from 948 to 972. Accordingly the the code rate x 1024 of MCS index 26 is modified from 917 to 929 due to the updated average SE. According to the table 4, figure 5 gives the simulation results of the SNR/efficiency respectively using Turbo and LDPC code, where 948 and 917 for Turbo and 972 and 929 for LDPC. We can find that the SNR/efficiency points of LDPC are similar to that of Turbo and only the similar offsets are between the both. So we suggest the all entries of table 4 to be used for the MCS table up to 256QAM for NR PDSCH. Similar as LTE, the last three indices are reserved for modulation order indication.
Proposal 5: MCS table up to 256QAM for LTE PDSCH is reused for NR PDSCH except MCS indices 26 and 27.
· The code rate x 1024 column is added with values implying the same efficiency as LTE
· MCS indices 26 and 27 are obtained by extending the highest code rate to 0.95. 
Table 4 MCS Table for up to 256QAM for NR PDSCH
	
MCS Index

	
Modulation Order

	code rate x 1024
	
TBS Index

	efficiency
	Comments for SE

	0
	2 
	120
	0 
	0.2344
	CQI2 of 64QAM table

	1
	2 
	193
	2 
	0.3770
	CQI2 of 256QAM table

	2
	2 
	321
	4 
	Average
	

	3
	2 
	449
	6 
	0.8770
	CQI3 of 256QAM table

	4
	2 
	603
	8 
	Average
	

	5
	4 
	378
	10 
	1.4766
	CQI4 of 256QAM table

	6
	4 
	434
	11 
	Average
	

	7
	4 
	490
	12 
	1.9141
	CQI5 of 256QAM table

	8
	4 
	553
	13 
	Average
	

	9
	4 
	616
	14 
	2.4063
	CQI6 of 256QAM table

	10
	4 
	658
	15 
	Average
	

	11
	6 
	466
	16 
	2.7305
	CQI7 of 256QAM table

	12
	6 
	517
	17 
	Average
	

	13
	6 
	567
	18 
	3.3223
	CQI8 of 256QAM table

	14
	6 
	617
	19 
	Average
	

	15
	6 
	666
	20 
	3.9023
	CQI9 of 256QAM table

	16
	6 
	719
	21 
	Average
	

	17
	6 
	772
	22 
	4.5234
	CQI10 of 256QAM table

	18
	6 
	823
	23 
	Average
	

	19
	6 
	873
	24 
	5.1152
	CQI11 of 256QAM table

	20
	8 
	683
	25 
	Average
	

	21
	8 
	711
	27 
	5.5547
	CQI12 of 256QAM table

	22
	8 
	754
	28 
	Average
	

	23
	8 
	797
	29 
	6.2266
	CQI13 of 256QAM table

	24
	8 
	841
	30 
	Average
	

	25
	8 
	885
	31 
	6.9141
	CQI14 of 256QAM table

	26
	8 
	929
	
	Average
	

	27
	8 
	972
	
	7.60
	SE of the code rate 0.95

	28
	2 
	
reserved

	29
	4 
	

	30
	6 
	

	31
	8 
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Figure 5. Simulation results on SNR/efficiency for turbo and LDPC

3.2 Discussion on MCS table for NR PUSCH
Because HARQ for NR PUSCH is adaptive while LTE is non-adaptive, in order to derive none limited uplink scheduling for retransmission, it is better to use modulation order indication in NR MCS indication to replace RV indication in LTE MCS indication for UL retransmission. Similar with LTE downlink MCS indication, modulation order indication can be used to select any code rate for retransmission scheduling. In detail, for retransmission packet, based on the known TBS from the initial transmission and selected resource size, the fact that gNode can schedule any size of resource can leads to the fact that any size of code rate can be decided. That is to say,    gNodeB can choose any MCS for retransmission. So we suggest to reserve several MCS indices to indicate all supported modulation order indication in MCS table for NR PUSCH.
Proposal 6: The last several MCS indices in MCS table of NR PUSCH are reserved for modulation order indication as MCS table of LTE PDSCH .
3.2.1 In case of CP-OFDM
Table 5 is the MCS table up to 64QAM for PUSCH based on LTE’s corresponding table adding the code rate and SE columns. These values of SE column are from the SE column of table 2 by dividing 1.2 assuming that the RE number per PRB for PDSCH and PUSCH respectively are 120 and 144. We modify the 3 entries of 29, 30 and 31 for retransmission indication as downlink. According to the table 5, figure 6 gives the simulation results of the SNR/efficiency respectively using Turbo and LDPC code. In figure 6, the Turbo simulation is in the case of DFT-s-OFDM of LTE where the performance is the same as the case of  CP-OFDM in AWGN situation and the LDPC simulation is for NR PUSCH in the case of CP-OFDM. According to figure 6, we can find that the SNR/efficiency points of LDPC are similar to that of Turbo and only the similar offsets are between the both. We suggest the all entries of table 5 to be used for the MCS table up to 64QAM for NR PUSCH in case of CP-OFDM.
Proposal 7: MCS table up to 64QAM for LTE PUSCH is reused for NR PUSCH with CP-OFDM except MCS indices 29-31.
· The code rate x 1024 column is added with values implying the same efficiency as LTE
· MCS index 29-31 are reserved for modulation order indication
Table 5 MCS Table for up to 64QAM for NR PUSCH in case of CP-OFDM
	
MCS Index

	
Modulation Order

	code rate x 1024
	
TBS Index

	efficiency

	0
	2
	100
	0
	0.20

	1
	2
	130
	1
	0.25

	2
	2
	161
	2
	0.31

	3
	2
	209
	3
	0.41

	4
	2
	257
	4
	0.50

	5
	2
	315
	5
	0.62

	6
	2
	374
	6
	0.73

	7
	2
	438
	7
	0.86

	8
	2
	502
	8
	0.98

	9
	2
	566
	9
	1.11

	10
	2
	630
	10
	1.23

	11
	4
	315
	10
	1.23

	12
	4
	362
	11
	1.41

	13
	4
	408
	12
	1.60

	14
	4
	461
	13
	1.80

	15
	4
	513
	14
	2.01

	16
	4
	548
	15
	2.14

	17
	4
	583
	16
	2.28

	18
	4
	646
	17
	2.52

	19
	4
	709
	18
	2.77

	20
	4
	771
	19
	3.01

	21
	6
	514
	19
	3.01

	22
	6
	555
	20
	3.25

	23
	6
	599
	21
	3.51

	24
	6
	643
	22
	3.77

	25
	6
	685
	23
	4.02

	26
	6
	727
	24
	4.26

	27
	6
	759
	25
	4.45

	28
	6
	790
	26
	4.63

	29
	2
	reserved

	30
	4
	

	31
	6
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Figure 6. Simulation results on SNR/efficiency for turbo and LDPC
Table 6 is the MCS table up to 256QAM based on from PUSCH of LTE adding the code rate column. We modify the 4 entries of 28, 29, 30 and 31 for retransmission indication of modulation order. Then we have to remove one codepoint from the original indices 0-28. For remaining high code rate part, the original code rate point of MCS index 19 is deleted and the larger indices are moved up accordingly. The original code rate point of  MCS index 28 is modified from 919 to 949 for uniform distribution of SE. According to the table 6, figure 7 gives the simulation results of the SNR/efficiency respectively using Turbo and LDPC code. According to figure 7, we can find that the SNR/efficiency points of LDPC are similar to that of Turbo and only the similar offsets are between the both.  So we suggest the all entries of table 6 to be used for the MCS table up to 256QAM for NR PUSCH in case of CP-OFDM.
Proposal 8: MCS indices 0-18 for of LTE PUSCH up to 256QAM are reused for NR PUSCH up to 256QAM with CP-OFDM.
· The code rate x 1024 column is added with values implying the same efficiency as LTE
· MCS index 28-31 are reserved for modulation order indication. 
Table 6 MCS Table for up to 256QAM for NR PUSCH in case of CP-OFDM
	
MCS Index

	
Modulation Order

	code rate x 1024
	
TBS Index


	
	
	
	

	0
	2 
	100
	0 

	1
	2 
	161
	2 

	2
	2 
	268
	4 

	3
	2 
	374
	6 

	4
	2 
	502
	8 

	5
	2
	630
	10 

	6
	4 
	362
	11 

	7
	4 
	408
	12 

	8
	4 
	461
	13 

	9
	4 
	513
	14 

	10
	4 
	583
	16 

	11
	4
	646
	17 

	12
	4
	709
	18 

	13
	4
	771
	19

	14
	6 
	555
	20 

	15
	6 
	599
	21 

	16
	6 
	643
	22 

	17
	6 
	685
	23 

	18
	6 
	727
	24 

	19
	6 
	790
	27 

	20
	6
	838
	28 

	21
	6
	886
	29 

	22
	8
	701
	30 

	23
	8 
	738
	31 

	24
	8 
	764
	32 

	25
	8 
	821
	32A

	26
	8 
	895
	33

	27
	8 
	949
	34

	28
	2
	reserved

	29
	4
	

	30
	6
	

	31
	8
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Figure 7. Simulation results on SNR/efficiency for turbo and LDPC
3.2.2 In case of DFT-s-OFDM
Pi/2 BPSK is used in this case targeting for lower PAPR. For the MCS table up to 64QAM, we add 2 entries of  Pi/2 BPSK to the above table 7 instead of 2 entries of QPSK with the same two lowest SE. We modify the 4 entries of 28, 29, 30 and 31 for retransmission indication as downlink. And the original code rate point of MCS index 21 is deleted and the positions of other code points are adjusted accordingly. The modified MCS table up to 64QAM is the table 6 below. According to the table 7, figure 8 gives the simulation results of the SNR/efficiency using LDPC code. We can find that the SNR/efficiency points are almost uniformly distributed. We suggest the all entries of table 6 to be used for the MCS table up to 64QAM for NR PUSCH in case of DFT-s-OFDM.
Proposal 9: MCS table up to 64QAM for NR PUSCH with DFT-s-OFDM is obtained from the NR PUSCH MCS table up to 64QAM with CP-OFDM as follows 
· Use 2 entries of  Pi/2 BPSK  to replace the 2 entries of QPSK in CP-OFDM table with the same two lowest SEs
· MCS indices 28 - 31 are reserved for indication of modulation order 1, 2, 4 and 6.
· The other code rate points are reused for MCS table up to 64QAM for NR PUSCH with DFT-s-OFDM.

Table 7 MCS Table for up to 64QAM for NR PUSCH in case of  DFT-s-OFDM
	
MCS Index

	
Modulation Order

	code rate x 1024
	
TBS Index

	efficiency

	0
	1
	200
	0
	0.20

	1
	1
	260
	1
	0.25

	2
	2
	161
	2
	0.31

	3
	2
	209
	3
	0.41

	4
	2
	257
	4
	0.50

	5
	2
	315
	5
	0.62

	6
	2
	374
	6
	0.73

	7
	2
	438
	7
	0.86

	8
	2
	502
	8
	0.98

	9
	2
	566
	9
	1.11

	10
	2
	630
	10
	1.23

	11
	4
	315
	10
	1.23

	12
	4
	362
	11
	1.41

	13
	4
	408
	12
	1.60

	14
	4
	461
	13
	1.80

	15
	4
	513
	14
	2.01

	16
	4
	548
	15
	2.14

	17
	4
	583
	16
	2.28

	18
	4
	646
	17
	2.52

	19
	4
	709
	18
	2.77

	20
	4
	771
	19
	3.01

	21
	6
	555
	20
	3.25

	22
	6
	599
	21
	3.51

	23
	6
	643
	22
	3.77

	24
	6
	685
	23
	4.02

	25
	6
	727
	24
	4.26

	26
	6
	759
	25
	4.45

	27
	6
	790
	26
	4.63

	28
	1
	reserved

	29
	2
	

	30
	4
	

	31
	6
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Figure 8. Simulation results on SNR/efficiency for turbo and LDPC

For the MCS table up to 256QAM, we add 1 entry of  Pi/2 BPSK to the above table 5 instead of 1 entry of QPSK with the same lowest SE. We modify the 5 entries of 27, 28, 29, 30 and 31 for retransmission indication as downlink. And the original code rate points of MCS index 7 and 19 are deleted and the positions of other code points are adjusted accordingly. The modified MCS table up to 256QAM is the table 8 below. According to the table 8, figure 9 gives the simulation results of the SNR/efficiency using LDPC code. We can find that the SNR/efficiency points are almost uniformly distributed. We suggest the all entries of table 7 to be used for the MCS table up to 256QAM for NR PUSCH in case of DFT-s-OFDM.
Proposal 10: MCS table up to 256QAM for NR PUSCH with DFT-s-OFDM is obtained from the NR PUSCH MCS table up to 256QAM with CP-OFDM as follows 
· Use 1 entry of  Pi/2 BPSK  to replace the entry of QPSK in CP-OFDM table with the same lowest SE
· MCS indices 27 - 31 are reserved for indication of modulation order 1, 2, 4, 6 and 8. 
· The other code rate points are reused for MCS table up to 256QAM for NR PUSCH with DFT-s-OFDM.
Table 8 MCS Table for up to 256QAM for NR PUSCH in case of  DFT-s-OFDM
	
MCS Index

	
Modulation Order

	code rate x 1024
	
TBS Index


	
	
	
	

	0
	1
	200
	0 

	1
	2
	161
	2 

	2
	2
	268
	4 

	3
	2
	374
	6 

	4
	2
	502
	8 

	5
	2
	630
	10 

	6
	4
	362
	11 

	7
	4
	461
	13 

	8
	4
	513
	14 

	9
	4
	583
	16 

	10
	4
	646
	17 

	11
	4
	709
	18 

	12
	4
	771
	19

	13
	6
	555
	20 

	14
	6
	599
	21 

	15
	6
	643
	22 

	16
	6
	685
	23 

	17
	6
	727
	24 

	18
	6
	790
	25 

	19
	6
	838
	28 

	20
	6
	886
	29 

	21
	8
	701
	30 

	22
	8
	738
	31 

	23
	8
	764
	32 

	24
	8
	821
	32A

	25
	8
	895
	33

	26
	8
	949
	34

	27
	1
	reserved

	28
	2
	

	29
	4
	

	30
	6
	

	31
	8
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Figure 9. Simulation results on SNR/efficiency for turbo and LDPC
5. CSI reference resource
In LTE, CQI is derived based on CSI reference resource and some assumptions on data transmission by UE. UE identifies CSI reference resource based on the timing condition of the associated CSI reporting. Then some parameters used for CSI reporting, e.g., number of symbols in a subframe depending on the reference resource is a special subframe or a normal subframe. On the other hand, UE assumes some other parameters for data transmission, e.g., resources used for PDCCH, number of REs occupied by RS and so on. Moreover, the target BLER of LTE CQI selection is 0.1 for one TB size.
In NR, some new design aspects appear. One critical issue is NR needs to support various types of frame structure. NR would support both slot-based and mini-slot based transmission. For slot-based transmission, number of OFDM symbols per slot is 14, whereas number of symbols per mini-slot can be  2, 4 or 7 symbols. Moreover, even for slot-based transmission, number of available DL symbols can be very variable to support flexible TDD slot structure. If the number of symbols in the reference resource is too few, CQI derived from reference resource cannot reflect preferred MCS and TB size for normal number of symbols per slot, and vice versa. That’s why in LTE, the length of DwPTS should be larger than 7680Ts if the CSI reference resource is a special subframe. One approach to solve this issue in NR is that gNB configures the number of PDSCH symbols per slot to UE for CQI derivation. Then gNB can configure CQI reporting based on its potential requirements for data scheduling.  This makes it decoupled with the number of symbols in CSI reference resource. Moreover, a set of numbers of symbols can be configured to UE in one or more report settings, and DCI is used to trigger one in each aperiodic CQI reporting.
Overhead of RS in CSI reference resource also needs to be taken into account for CQI derivation. In LTE, overhead of CRS, CSI-RS and UE-specific RS depends on transmission mode based on some complex rules lacking flexibility. If we adopt similar approach in NR, more complicated results would be drawn as we have UE-specific configuration on CSI-RS, DMRS and PTRS, and transmission scheme can be transparently and dynamically changed. Further, for DMRS, the frequency and time densities are fixed in LTE, but for NR, they are variable in NR. In particular, time density of DMRS can be variable from 1 to 4 considering different UE speed, whereas frequency density can be 3 or 2 depending on the configuration type of DMRS. These densities impact not only the RE overhead, but also the channel estimation performance which affects BLER and CQI derivation. For example, in high-speed scenarios, assuming 1-symbol DMRS or 4-symbol DMRS would lead to very different BLERs, which leads to  different CQI levels. One simple and flexible approach is that gNB configures overall rate matching patterns to UE for CQI derivation. Multiple configurations are possible in one or more report settings, and gNB can trigger one configuration for aperiodic CSI reporting.
Based on the above analysis, gNB needs to configure rate matching pattern for RS and number of DL symbols per slot to UE as the assumption for CQI derivation. If these parameters are configured independently, the possible number of combinations would be quite large. It would introduce large UE complexity as UE needs to implement all possible combinations. Then joint configuration is a more reasonable approach considering UE complexity, and only a few limited number of parameter combinations are supported for joint configuration. The follow table can be an example for this joint configuration.
Table 9 Joint configuration of parameters for CQI derivation
	Configuration Index
	DMRS pattern
	Number of DL data symbols

	0
	Configuration Type: 1 
Time domain density: 1
	2

	1
	Configuration Type: 1
Time domain density: 1
	5

	2
	Configuration Type: 1
Time domain density: 1
	8

	3
	Configuration Type: 1
Time domain density: 2
	8

	4
	Configuration Type: 1
Time domain density: 1
	12

	5
	Configuration Type: 2
Time domain density: 1
	12

	6
	Configuration Type: 1
Time domain density: 2
	12

	7
	Configuration Type: 1
Time domain density: 4
	12


Proposal 11: Support gNB configuration of at least the following parameters to UE for NR CQI derivation
· RS pattern
· Number of DL symbols per slot
· Limited number of combinations of the above parameters are supported for joint configuration



6. Conclusions
In this contribution, we discuss, simulate and give these  designed  NR CQI and MCS tables in detail for eMBB. Based on the discussion and simulation results, we have the following proposals.
Proposal 1: Dedicated CQI/MCS table for URLLC TBS table for URLLC should be decided after channel coding schemes for URLLC is decided.
Proposal 2: NR reuses CQI index 0-14 of LTE 256QAM CQI table. 
· CQI index 15 is obtained by extending the highest code rate to 0.95
Proposal 3:TBS index field is added as a forth column in MCS table in addition to the following fields: MCS index, a corresponding modulation order and target code rate x [1024].
Proposal 4: MCS table up to 64QAM for LTE PDSCH is reused for NR PDSCH.
·  The code rate x 1024 column is added with values implying the same efficiency as LTE.
Proposal 5: MCS table up to 256QAM for LTE PDSCH is reused for NR PDSCH except MCS indices 26 and 27.
· The code rate x 1024 column is added with values implying the same efficiency as LTE
· MCS indices 26 and 27 are obtained by extending the highest code rate to 0.95. 
Proposal 6: The last several MCS indices in MCS table of NR PUSCH are reserved for modulation order indication as MCS table of LTE PDSCH .
Proposal 7: MCS table up to 64QAM for LTE PUSCH is reused for NR PUSCH with CP-OFDM except MCS indices 29-31.
· The code rate x 1024 column is added with values implying the same efficiency as LTE
· MCS index 29-31 are reserved for modulation order indication
Proposal 8: MCS indices 0-18 for of LTE PUSCH up to 256QAM are reused for NR PUSCH up to 256QAM with CP-OFDM.
· The code rate x 1024 column is added with values implying the same efficiency as LTE
· MCS index 28-31 are reserved for modulation order indication
Proposal 9: MCS table up to 64QAM for NR PUSCH with DFT-s-OFDM is obtained from the NR PUSCH MCS table up to 64QAM with CP-OFDM as follows 
· Use 2 entries of  Pi/2 BPSK  to replace the 2 entries of QPSK in CP-OFDM table with the same two lowest SEs
· MCS indices 28 - 31 are reserved for indication of modulation order 1, 2, 4 and 6.
· The other code rate points are reused for MCS table up to 64QAM for NR PUSCH with DFT-s-OFDM.
Proposal 10: MCS table up to 256QAM for NR PUSCH with DFT-s-OFDM is obtained from the NR PUSCH MCS table up to 256QAM with CP-OFDM as follows 
· Use 1 entry of  Pi/2 BPSK  to replace the entry of QPSK in CP-OFDM table with the same lowest SE
· MCS indices 27 - 31 are reserved for indication of modulation order 1, 2, 4, 6 and 8.
· The other code rate points are reused for MCS table up to 256QAM for NR PUSCH with DFT-s-OFDM.
Proposal 11: Support gNB configuration of at least the following parameters to UE for NR CQI derivation
· RS pattern
· Number of DL symbols per slot
· Limited number of combinations of the above parameters are supported for joint configuration
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8. Appendix 1 for simulation assumptions

	Number of antenna ports
	1 x 1

	Wireless Channel
	AWGN

	Bandwidth
	6PRB

	RE Number per PRB
	136 for CQI 15 and MCS 27, and 120 for others for NR and LTE PDSCH; 144 for NR and LTE PUSCH.

	TBS
	Modulation order x Code rate x PRB number x RE Number per PRB



9. Appendix 2 CQI/MCS tables of LTE for reference
We copy the CQI tables below from LTE for reference:

Table 7.2.3-1: 4-bit CQI Table
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	120
	0.2344

	3
	QPSK
	193
	0.3770

	4
	QPSK
	308
	0.6016

	5
	QPSK
	449
	0.8770

	6
	QPSK
	602
	1.1758

	7
	16QAM
	378
	1.4766

	8
	16QAM
	490
	1.9141

	9
	16QAM
	616
	2.4063

	10
	64QAM
	466
	2.7305

	11
	64QAM
	567
	3.3223

	12
	64QAM
	666
	3.9023

	13
	64QAM
	772
	4.5234

	14
	64QAM
	873
	5.1152

	15
	64QAM
	948
	5.5547



Table 7.2.3-2: 4-bit CQI Table 2
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK 
	78 
	0.1523 

	2
	QPSK 
	193 
	0.3770 

	3
	QPSK 
	449 
	0.8770 

	4
	16QAM 
	378 
	1.4766 

	5
	16QAM 
	490 
	1.9141 

	6
	16QAM 
	616 
	2.4063 

	7
	64QAM 
	466 
	2.7305 

	8
	64QAM 
	567 
	3.3223 

	9
	64QAM 
	666 
	3.9023 

	10
	64QAM 
	772 
	4.5234 

	11
	64QAM 
	873 
	5.1152 

	12
	256QAM 
	711 
	5.5547 

	13
	256QAM 
	797 
	6.2266

	14
	256QAM 
	885 
	6.9141

	15
	256QAM 
	948 
	7.4063 




We copy the MCS tables for PDSCH below from LTE for reference:

Table 7.1.7.1-1: Modulation and TBS index table for PDSCH
	
MCS Index

	
Modulation Order

	
Modulation Order

	
TBS Index


	0
	2
	2
	0

	1
	2
	2
	1

	2
	2
	2
	2

	3
	2
	2
	3

	4
	2
	2
	4

	5
	2
	4
	5

	6
	2
	4
	6

	7
	2
	4
	7

	8
	2
	4
	8

	9
	2
	4
	9

	10
	4
	6
	9

	11
	4
	6
	10

	12
	4
	6
	11

	13
	4
	6
	12

	14
	4
	6
	13

	15
	4
	6
	14

	16
	4
	6
	15

	17
	6
	6
	15

	18
	6
	6
	16

	19
	6
	6
	17

	20
	6
	6
	18

	21
	6
	6
	19

	22
	6
	6
	20

	23
	6
	6
	21

	24
	6
	6
	22

	25
	6
	6
	23

	26
	6
	6
	24

	27
	6
	6
	25

	28
	6
	6
	26/26A

	29
	2
	2
	reserved

	30
	4
	4
	

	31
	6
	6
	



Table 7.1.7.1-1A. Modulation and TBS index table 2 for PDSCH
	
MCS Index

	
Modulation Order

	
Modulation Order

	
TBS Index


	0
	2 
	2
	0 

	1
	2 
	2
	2 

	2
	2 
	2
	4 

	3
	2 
	4
	6 

	4
	2 
	4
	8 

	5
	4 
	6
	10 

	6
	4 
	6
	11 

	7
	4 
	6
	12 

	8
	4 
	6
	13 

	9
	4 
	6
	14 

	10
	4 
	8
	15 

	11
	6 
	8
	16 

	12
	6 
	8
	17 

	13
	6 
	8
	18 

	14
	6 
	8
	19 

	15
	6 
	8
	20 

	16
	6 
	8
	21 

	17
	6 
	8
	22 

	18
	6 
	8
	23 

	19
	6 
	8
	24 

	20
	8 
	8
	25 

	21
	8 
	8
	27 

	22
	8 
	8
	28 

	23
	8 
	8
	29 

	24
	8 
	8
	30 

	25
	8 
	8
	31 

	26
	8 
	8
	32 

	27
	8 
	8
	33/33A/33B 

	28
	2 
	2 
	
reserved

	29
	4 
	4 
	

	30
	6 
	6 
	

	31
	8 
	8 
	



We copy the MCS tables for PUSCH below from LTE for reference:
Table 8.6.1-1: Modulation, TBS index and redundancy version table for PUSCH
	MCS Index
[image: ]
	Modulation Order
[image: ]
	TBS Index
[image: ]
	Redundancy Version
rvidx

	0
	2
	0
	0

	1
	2
	1
	0

	2
	2
	2
	0

	3
	2
	3
	0

	4
	2
	4
	0

	5
	2
	5
	0

	6
	2
	6
	0

	7
	2
	7
	0

	8
	2
	8
	0

	9
	2
	9
	0

	10
	2
	10
	0

	11
	4
	10
	0

	12
	4
	11
	0

	13
	4
	12
	0

	14
	4
	13
	0

	15
	4
	14
	0

	16
	4
	15
	0

	17
	4
	16
	0

	18
	4
	17
	0

	19
	4
	18
	0

	20
	4
	19
	0

	21
	6
	19
	0

	22
	6
	20
	0

	23
	6
	21
	0

	24
	6
	22
	0

	25
	6
	23
	0

	26
	6
	24
	0

	27
	6
	25
	0

	28
	6
	26
	0

	29
	reserved
	1

	30
	
	2

	31
	
	3


Table 8.6.1-3: Modulation, TBS index and redundancy version table for PUSCH
	MCS Index
[image: ]
	Modulation Order
[image: ]
	TBS Index
[image: ]
	Redundancy Version
rvidx

	0
	2
	0
	0

	1
	2
	2
	0

	2
	2
	4
	0

	3
	2
	6
	0

	4
	2
	8
	0

	5
	2
	10
	0

	6
	4
	11
	0

	7
	4
	12
	0

	8
	4
	13
	0

	9
	4
	14
	0

	10
	4
	16
	0

	11
	4
	17
	0

	12
	4
	18
	0

	13
	4
	19
	0

	14
	6
	20
	0

	15
	6
	21
	0

	16
	6
	22
	0

	17
	6
	23
	0

	18
	6
	24
	0

	19
	6
	25
	0

	20
	6
	27
	0

	21
	6
	28
	0

	22
	6
	29
	0

	23
	8
	30
	0

	24
	8
	31
	0

	25
	8
	32
	0

	26
	8
	32A
	0

	27
	8
	33
	0

	28
	8
	34
	0

	29
	reserved
	1

	30
	
	2

	31
	
	3
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