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In RAN1#90bis, the following agreements were reached on CQI tables and MCS tables for NR:
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:
For CQI table of maximum modulation order of 64QAM, the CQI table from LTE Rel-8 is reused
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 investigate the uplink (UL) and downlink (DL) MCS table and CQI table for NR eMBB. We also discuss the definition of CSI reference resources.
CQI table for maximum modulation order of 256QAM
The CQI table of maximum modulation order of 256QAM in NR will use 4 bits, similar to the corresponding LTE CQI table. The LTE CQI table for up to 256QAM was designed by reusing some entries from the 64QAM CQI table for modulation orders up to and including 64QAM, while downsampling some QPSK entries to make room for 256QAM entries. New 256QAM entries were added at equal SNR spacing up to a code rate of 950/1024. The same methodology can be used for NR with the same maximum code rate.
Reuse the LTE CQI table for maximum modulation order of 256 QAM.
PDSCH MCS tables
In LTE, the MCS table was designed using target code rates which were taken into account when designing the TBS table. Since NR reuses the LTE CQI table for maximum modulation order of 64QAM, the target code rates for the LTE MCS table can be used for the corresponding NR TBS table. The LTE MCS TBS table with target rates are given in Table 5 in the appendix.
Use Table 5 as the MCS table for PDSCH when max modulation order is 64QAM.

Based on our proposal above to reuse the LTE CQI table also for modulation order up to 256QAM we propose to reuse the corresponding table with target code rates from LTE. This table is given as Table 6 in the appendix.
Use Table 6 as the MCS table for PDSCH when max modulation order is 256QAM.
PUSCH MCS tables
In this section we discuss the MCS tables for PUSCH. 
CP-OFDM
For CP-OFDM we propose to use the same MCS tables as for PDSCH, since both are based on CP-OFDM.
For PUSCH with CP-OFDM, reuse the PDSCH MCS tables (both 64-QAM and 256-QAM).
DFT-s-OFDM
The MCS table for modulation orders up to 256QAM targets UEs with better channel conditions than the 64QAM table. It is still important that it contains entries with low spectral efficiencies for temporary channel variations, but if a UE consistently experiences bad channel conditions it can be reconfigured to use the 64QAM table. Therefore we propose to restrict the usage of pi/2-BPSK to the 64QAM table:
For PUSCH with DFT-s-OFDM, the MCS table for max modulation order of 256QAM does not contains any pi/2-BPSK entries.
Considering the argumentation above, we can reuse the LTE MCS tables for DFT-s-OFDM for modulation order up to 256QAM. The LTE table with target code rates rounded to the nearest integer multiple of 1/1024 are given in Table 8.
Use Table 8 as the 256-QAM MCS table for PUSCH when DFT-s-OFDM is used.

For the MCS table for modulation orders up to 64QAM we will have pi/2-BPSK entries. To maximize reuse of entries from the LTE table we prefer to keep the number of pi/2-BPSK entries low, preferably one or two entries. The following two options are possible:
Option 1:	Keep the same spectral efficiencies as in the LTE table, but change the modulation order of the two lowest entries into two pi/2-BPSK entries by doubling the target code rate. That is, the two lowest MCS entries are: MCS0 (pi/2-BPSK, cod rate = 0.1953), MCS1 ((pi/2-BPSK, cod rate = 0.2559)
Option 2:	Keep the entries for MCS indices 2 to 28 from the LTE table. Extend the lower end of the spectral efficiency by setting the spectral efficiency of MCS1 equal to 0.1953 (the previous lowest spectral efficiency possible) and the spectral efficiency of MCS0 equal to 0.1270 (corresponding to the lowest entry in the CQI table). That is, the two lowest MCS entries are: MCS0 (pi/2-BPSK, cod rate = 0.1270), MCS1 ((pi/2-BPSK, cod rate = 0.1953)
Considering that pi/-2 BPSK is introduced to improve peak-to-average ratio, not to decrease spectral efficiency, Option 1 is slightly preferred. 
For reference we give the LTE UL MCS table with rounded target code rates in Table 7.
For PUSCH with DFT-s-OFDM, use Table 7 as the 64-QAM MCS table, with the two lowest MCS levels changed to BPSK when required.

[bookmark: _Ref178064866]Discussion on CSI reference resource definition
In LTE, the definition of the CSI reference resource specifies what assumptions a UE shall make when calculating the CQI, such as which time-frequency resource shall be assumed, RS reference signal overhead, transmission scheme, and so forth. It is essential that the UE and gNB has the same understanding of what assumptions the CQI was calculated condition on, otherwise, the CQI cannot reliability be used directly for DL link adaptation. While no agreements have been made as of how the CSI reference resource shall be defined for NR, it is clear that a definition is needed. In draft TS 38.214, the CSI reference resource was defined as in Figure 1, although it was removed in final version of draft since no explicit agreements had yet been made.
The CSI reference resource for a serving cell is defined as follows:
-	In the frequency domain, the CSI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CQI value relates.
[bookmark: _Hlk497896664]-	In the time domain, for a UE configured with a single CSI resource set for the serving cell, the CSI reference resource is defined by a single downlink slot n-nCQI_ref,
-	where for periodic CSI reporting nCQI_ref is the smallest value greater than or equal to [TBD], such that it corresponds to a valid downlink slot. 
[bookmark: _Hlk497823914]-	where for aperiodic CSI reporting, if the UE is indicated by the DCI to report CSI in the same slot as the CSI request, nCQI_ref is such that the reference resource is in the same valid downlink slot as the corresponding CSI request, otherwise nCQI_ref is the smallest value greater than or equal to [TBD], such that slot n-nCQI_ref corresponds to a valid downlink slot. 
[bookmark: _Hlk497830446]A slot in a serving cell shall be considered to be a valid downlink slot if:
-	it is configured as a downlink slot for that UE, and
-	it does not fall within a configured measurement gap for that UE.
If there is no valid downlink slot for the CSI reference resource in a serving cell, CSI reporting is omitted for the serving cell in uplink slot n.
In the CSI reference resource, the UE shall assume the following for the purpose of deriving the CQI index, and if also configured, PMI and RI:
-	The first [3] OFDM symbols are occupied by control signalling
-	The reference resource uses the CP length and subcarrier spacing configured for PDSCH reception 
No resource elements used by primary or secondary synchronization signals or PBCH.
-	Redundancy Version 0
-	The ratio of PDSCH EPRE to CSI-RS EPRE is as given in Subclause 4.1.
-	Assume no REs allocated for CSI-RS and zero-power CSI-RS
-	The PDSCH transmission scheme where the UE may assume that the gNB transmission on the PDSCH would be performed with up to 8 transmission layers on antenna ports [1000-1011] as defined in Subclause 7.3.1.4 of [4, TS 38.211].  


[bookmark: _Ref498713946]Figure 1: CSI reference resource definition in draft TS 38.214
In our view, CSI reference resource definition can follow LTE principles. However, there are some differences in NR which needs to be addressed:
1. DMRS overhead can vary depending on configuration and can even vary dynamically for a certain rank based on dynamic indication in DCI
2. PTRS overhead, if present, depends on both MCS and scheduled bandwidth
3. Non-slot based scheduling allows for dynamically selecting PDSCH symbol duration
Each of these phenomena needs to be accounted for in the definition of CSI reference resource.
Varying and configuration-dependent DMRS overhead
In LTE, the UE assumes the DMRS overhead corresponding to the previously reported rank for a given CSI process. That is, if the UE reported rank 4 for report n-1, it assumes rank 4 overhead in report n when calculating CQI, even if the UE selects rank 2 for report n. For NR, the assumption on DMRS overhead should be conditioned on the selected rank in the current CSI report.
UE-specific DMRS overhead assumption in CSI reference resource for a CSI report depends on the selected RI in that CSI report.
As for which DMRS configuration (e.g. number of additional DMRS symbols) shall be assumed for CQI calculation, this could either depend on the DMRS configuration for PDSCH, or, the DMRS configuration assumption could be separately configured. The latter gives some more flexibility and decouples PDSCH transmission and CSI reporting, which is a key principle for NR, and so is preferred. The DMRS configuration assumption would include all necessary information for the UE to calculate the DMRS overhead in the CSI reference resource.
The DMRS configuration assumption in the CSI reference resource is configured as part of a CSI report setting.

PTRS overhead
According to TS 38.214, if a UE is configured with the higher parameter DL-PTRS-present and if the additional higher layer parameters DL-PTRS-time-density and DL-PTRS-frequency-density are configured, the UE may assume the PT-RS antenna ports’ presence and pattern are a function of the corresponding scheduled MCS and scheduled bandwidth as shown in Table 1 and Table 2, otherwise the UE may assume that PT-RS is present in every OFDM symbol and in every second PRB. 
[bookmark: _Ref498086453]Table 1: Time density of PT-RS as a function of scheduled MCS
	Scheduled MCS
	
Time density()

	IMCS < ptrs-MCS1 
	PT-RS is not present

	
ptrs-MCS1  IMCS < ptrs-MCS2
	4

	
ptrs-MCS2  IMCS < ptrs-MCS3
	2

	
ptrs-MCS3  IMCS
	1



[bookmark: _Ref498086467]Table 2: Frequency density of PT-RS as a function of scheduled bandwidth
	Scheduled bandwidth
	
Frequency density ()

	NRB < NRB0
	PT-RS is not present

	
NRB0  NRB <  NRB1
	2

	
 NRB1   NRB 
	4




Thus, an assumption on what PTRS overhead the UE shall assume for CQI calculation must be defined in the CSI reference resource. As the CSI report is independent of the actual scheduled BW, it is appropriate to use the default assumption for PTRS frequency density =2, that is used when DL-PTRS-frequency-density is not configured to the UE. As for the PTRS time density assumption, this depends on scheduled MCS (according to configured thresholds ptrs-MCSX) and can thus naturally follow UE-selected CQI, according to some mapping between CQI value and MCS value. Since MCS and CQI tables are related, this mapping from MCS to CQI index can be determined once the CQI and MCS tables have been finalized.

For PTRS overhead assumption in the CSI reference resource, if higher-layer parameter DL-PTRS-present is configured the UE assumes a PTRS frequency-density of K_PTRS=2 and a PTRS time density as follows:
· If higher-layer parameter DL-PTRS-time-density is not configured, a time density of L_PTRS=1
· Otherwise, PTRS time density is CQI-value dependent according to the MCS thresholds in DL-PTRS-time-density, where ptrs-MCS1, ptrs-MCS2, ptrs-MCS3 are mapped to CQI1, CQI2, CQ3, according to a fixed mapping in specification


PDSCH symbol duration assumption
As NR can use non-slot based scheduling with varying PDSCH symbol duration, it would be beneficial if the PDSCH symbol duration the gNB intends to schedule the UE with can be taken into account in the CQI report. This can be achieved by configuring, in the CSI report setting, the assumption the UE makes on PDSCH symbol duration within the slot of the CSI reference resource.
Support configuration in the CSI report setting of the PDSCH symbol duration assumption for the CSI reference resource of the CSI report.

Conclusion

Based on the discussion in this contribution we propose the following:
1. Reuse the LTE CQI table for maximum modulation order of 256 QAM.
Use Table 5 as the MCS table for PDSCH when max modulation order is 64QAM.
Use Table 6 as the MCS table for PDSCH when max modulation order is 256QAM.
For PUSCH with CP-OFDM, reuse the PDSCH MCS tables (both 64-QAM and 256-QAM).
For PUSCH with DFT-s-OFDM, the MCS table for max modulation order of 256QAM does not contains any pi/2-BPSK entries.
Use Table 8 as the 256-QAM MCS table for PUSCH when DFT-s-OFDM is used.
For PUSCH with DFT-s-OFDM, use Table 7 as the 64-QAM MCS table, with the two lowest MCS levels changed to BPSK when required.
UE-specific DMRS overhead assumption in CSI reference resource for a CSI report depends on the selected RI in that CSI report.
The DMRS configuration assumption in the CSI reference resource is configured as part of a CSI report setting.
For PTRS overhead assumption in the CSI reference resource, if higher-layer parameter DL-PTRS-present is configured the UE assumes a PTRS frequency-density of K_PTRS=2 and a PTRS time density as follows:
· If higher-layer parameter DL-PTRS-time-density is not configured, a time density of L_PTRS=1
· Otherwise, PTRS time density is CQI-value dependent according to the MCS thresholds in DL-PTRS-time-density, where ptrs-MCS1, ptrs-MCS2, ptrs-MCS3 are mapped to CQI1, CQI2, CQ3, according to a fixed mapping in specification
Support configuration in the CSI report setting of the PDSCH symbol duration assumption for the CSI reference resource of the CSI report.

Appendix
The following MCS and CQI tables are taken from the LTE technical specification [1].
CQI tables

Table 3 - 4-bit CQI Table (Table 7.2.3-1: in [1])
	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 4 - 4-bit CQI Table 2 (Table 7.2.3-2 in [1])
	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 




Downlink MCS tables


[bookmark: _Ref498720735]Table 5 - Modulation and code rate table for PDSCH with max modulation order 64QAM (corresponding to Table 7.1.7.1-1 in [1])
	[bookmark: _Hlk498334581]MCS Index
[image: ]
	Modulation Order
[image: ]
	Code rate 
× 1024
	Spectral
efficiency

	0
	2
	120
	  0.2344

	1
	2
	157
	  0.3066

	2
	2
	193
	  0.3770

	[bookmark: _Hlk498334616]3
	2
	251
	  0.4902

	4
	2
	308
	  0.6016

	5
	2
	379
	  0.7402

	6
	2
	449
	  0.8770

	7
	2
	526
	  1.0273

	8
	2
	602
	  1.1758

	9
	2
	679
	  1.3262

	10
	4
	340
	  1.3281

	11
	4
	378
	  1.4766

	12
	4
	434
	  1.6953

	13
	4
	490
	  1.9141

	14
	4
	553
	  2.1602

	15
	4
	616
	  2.4063

	16
	4
	658
	  2.5703

	17
	6
	438
	  2.5664

	18
	6
	466
	  2.7305

	19
	6
	517
	  3.0293

	20
	6
	567
	  3.3223

	21
	6
	616
	  3.6094

	22
	6
	666
	  3.9023

	23
	6
	719
	  4.2129

	24
	6
	772
	  4.5234

	25
	6
	822
	  4.8164

	26
	6
	873
	  5.1152

	27
	6
	910
	  5.3320

	28
	6
	948
	  5.5547

	29
	2
	reserved

	30
	4
	

	31
	6
	




[bookmark: _Ref498720925]Table 6 - Modulation and code rate table for PDSCH with max modulation order 256QAM  (corresponding to Table 7.1.7.1-1A in [1])
	MCS
	Mod
	Code rate
× 1024
	Spectral
efficiency

	0
	2
	120
	0.2344

	1
	2
	193
	0.3770

	2
	2
	308
	0.6016

	3
	2
	449
	0.8770

	4
	2
	602
	1.1758

	5
	4
	378
	1.4766

	6
	4
	434
	1.6953

	7
	4
	490
	1.9141

	8
	4
	553
	2.1602

	9
	4
	616
	2.4063

	10
	4
	658
	2.5703

	11
	6
	466
	2.7305

	12
	6
	517
	3.0293

	13
	6
	567
	3.3223

	14
	6
	616
	3.6094

	15
	6
	666
	3.9023

	16
	6
	719
	4.2129

	17
	6
	772
	4.5234

	18
	6
	822
	4.8164

	19
	6
	873
	5.1152

	20
	8
	682.5
	5.3320

	21
	8
	711
	5.5547

	22
	8
	754
	5.8906

	23
	8
	797
	6.2266

	24
	8
	841
	6.5703

	25
	8
	885
	6.9141

	26
	8
	916.5
	7.1602

	27
	8
	948
	7.4063

	28
	2
	reserved

	29
	4
	

	30
	6
	

	31
	8
	



Uplink MCS tables
[bookmark: _Ref498731733]Table 7 - Modulation and code rate table for PUSCH with modulation order up to 64QAM
	MCS Index
[image: ]
	Modulation Order
[image: ]
	Code rate
× 1024
	Spectral Efficiency

	0
	2
	100
	0.1953

	1
	2
	131
	0.2559

	2
	2
	161
	0.3145

	3
	2
	209
	0.4082

	4
	2
	257
	0.5020

	5
	2
	316
	0.6172

	6
	2
	374
	0.7305

	7
	2
	438
	0.8555

	8
	2
	502
	0.9805

	9
	2
	566
	1.1055

	10
	2
	630
	1.2305

	11
	4
	315
	1.2305

	12
	4
	362
	1.4141

	13
	4
	408
	1.5938

	14
	4
	461
	1.8008

	15
	4
	513
	2.0039

	16
	4
	548
	2.1406

	17
	4
	699
	2.7305

	18
	4
	776
	3.0313

	19
	4
	851
	3.3242

	20
	4
	924
	3.6094

	21
	6
	513
	3.0059

	22
	6
	555
	3.2520

	23
	6
	599
	3.5098

	24
	6
	643
	3.7676

	25
	6
	685
	4.0137

	26
	6
	728
	4.2656

	27
	6
	758
	4.4414

	28
	6
	790
	4.6289

	29
	2
	Reserved

	30
	4
	

	31
	6
	



[bookmark: _Ref498731005]Table 8 – MCS table for PUSCH with modulation order up to 256QAM
	MCS Index
[image: ]
	Modulation Order
[image: ]
	Code rate
× 1024
	Spectral Efficiency

	0
	2
	100
	0.1953

	1
	2
	161
	0.3145

	2
	2
	257
	0.5020

	3
	2
	374
	0.7305

	4
	2
	502
	0.9805

	5
	2
	630
	1.2305

	6
	4
	362
	1.4141

	7
	4
	408
	1.5938

	8
	4
	461
	1.8008

	9
	4
	513
	2.0039

	10
	4
	699
	2.7305

	11
	4
	776
	3.0313

	12
	4
	851
	3.3242

	13
	4
	924
	3.6094

	14
	6
	555
	3.2520

	15
	6
	599
	3.5098

	16
	6
	643
	3.7676

	17
	6
	685
	4.0137

	18
	6
	728
	4.2656

	19
	6
	758
	4.4414

	20
	6
	790
	4.6289

	21
	6
	838
	4.9102

	22
	6
	886
	5.1914

	23
	8
	701
	5.4766

	24
	8
	738
	5.7656

	25
	8
	764
	5.9688

	26
	8
	830
	6.4844

	27
	8
	895
	6.9922

	28
	2
	reserved

	29
	4
	

	30
	6
	

	31
	[bookmark: _GoBack]8
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