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1. Introduction
In RAN1 #90bis, several agreements (listed in Annex) were made with respect to CQI and MCS design for NR. 
In this contribution, we discuss further aspects related to CQI/MCS table design. 
2. Discussion on CQI Table Design
Reference Resource Configuration
For NR, the reference resource configuration which is considered to derive the CQI tables (i.e. MCS/SNR, etc.) can be precisely defined, similar to LTE. The reference configuration can include CP length, RV, PDSCH resource allocation (e.g. number of OFDM symbols), and any associated overhead, etc. which may be configured or predetermined
In other words, configurable (explicitly or implicitly) number of available REs for CQI calculation in CSI reference resource definition is considered, i.e., a fix number of symbols (e.g., 3) in the control channel overhead should not always be assumed.
Proposal 1: The reference resource for CQI definition is configured by higher layers as part of CSI feedback configuration.
CQI table for 256QAM
In last RAN1 meeting, it’s been agreed that for CQI table of maximum modulation order of 64QAM, the CQI table from LTE Rel-8 is reused. There are then multiple options to define a CQI table which supports maximum modulation order of 256QAM modulation for NR:
· Option 1: Reuse the LTE 256QAM CQI table 
· Option 2: Adjust the LTE 256QAM CQI table which reuses the below-64QAM entries while the 256-QAM entries follow LTE principle of defining CQI-SE that yield equal spacing in SNR. 
The difference between above two options may not be significant when the same reference resource definition as LTE is used to estimate SE vs SNR. Option 2 may be preferable to better capture the LDPC performance adjustments. This results in CQI table as presented in Table 1. In either case, the modulation order at the switching point should be adjusted based on the performance and possibly latency considerations.  
Table 1. Proposed 4-bit 256QAM CQI Table. Note: only one coding rate needs to be defined (i.e. based on  x1024, x32 is shown for illustration and linkage to MCS table).
	CQI Index
	Modulation
	SE
	code rate x 1024
	code rate x 32

	1
	2
	0.1523
	   78
	     2

	2
	2
	0.3770
	   193
	     6

	3
	2
	0.8770
	   449
	    14

	4
	4
	1.4766
	   378
	    12

	5
	4
	1.9141
	   490
	    15

	6
	4
	2.4063
	   616
	    19

	7
	6
	2.7305
	   466
	    15

	8
	6
	3.3223
	   567
	    18

	9
	6
	3.9023
	   666
	    21

	10
	6
	4.5234
	   772
	    24

	11
	6
	5.1152
	   873
	    27

	12
	8
	5.5547
	   711
	    22

	13
	8
	6.08
	   778
	    24

	14
	8
	6.69
	   856
	    27

	15
	8
	7.41
	   948
	    30


Proposal 2: For NR, adjust the LTE 256QAM CQI table which reuses the below-64QAM entries, while the 256-QAM entries follow LTE principle of defining CQI-SE that yield equal spacing in SNR.
Discussion on CQI Table Design for URLLC
In RAN1 #90bis, it was agreed to support N separate CQI table(s) for URLLC where the value of N should be down selected between 1 or 2.
We note that the UE receiver may have the capability to support 256QAM processing and the EMBB CQI feedback mechanism can be used to support the reliability and latency required for URLLC. However, given the URLLC targets typical block size of typically around 32 bytes, we think a single table targeting maximum modulation of 64QAM should be sufficient and we don’t see a strong need for adding additional more CQI tables based on 256-QAM configuration for URLLC. Hence, whether 256-QAM is included in the CQI tables for URLLC can be discussed further, though our preference is not to support 256QAM for URLLC CQI table. 
A single CQI table which is designed to support the required range of code-rates and spectral efficiencies (lowest corresponding to ~ 1/12, QPSK), can be sufficient for URLLC scenarios.  Since the EMBB CQI table that was agreed for supporting up to 64-QAM has the lowest supported spectral efficiency corresponding to a rate of ~1/13 with QPSK, the same CQI table can be used for URLLC. 
For URLLC MCS table, the EMBB MCS table can be used except for some entries that are replaced with new MCSes at the lower range  - two new MCS levels can be introduced corresponding to CQI index1 i.e. SE = 0.1523, (rate – 1/13, QPSK) and one new interpolated SE value, by replacing two of the MCSes from the higher range including one of the interpolated entries such as MCS27 (28/32, 64QAM). 
In RAN1 #90bis, it was agreed that two target BLER are supported for URLLC. For a single-shot transmission, where there is not enough time for retransmissions, the lowest BLER of 1e-5 needs to be supported. In the case that HARQ retransmission(s) are possible, a BLER of the order 1e-1 ~ 1e-2, is likely to be targeted for the 1st transmission with a residual BLER of 1e-5 after retransmission(s). We make the following propose
Proposal 3.1: For URLLC scenarios, a single CQI table should be adopted i.e. N=1. 
Proposal 3.2: For URLLC, the two target BLERs target two levels of initial Tx reliability: 1) one value in the 10% to 1% range and 2) second value between 0.1% and 1e-5 range. 
Proposal 3.3: For the URLLC CQI table, the reference resource can also be separately configured including non-slot duration, DMRS overhead, etc.
Proposal 3.4: For the URLLC MCS table, the lowest MCS level should be ~rate-1/13 QPSK, corresponding to the lowest CQI entry from EMBB 64-QAM CQI.
3. Discussion on MCS Table Design 
Assuming similar resource allocation as in LTE, and based on the proposed CQI tables, the MCS table can be derived.
One approach to design the MCS table is by first adopting the modulation and spectral efficiency values from the designed CQI table and using them directly in the MCS table. Then, interpolating the SE values based on even spacing in SNR or taking the average between every two consequent SEs, can result in the intermediate levels. While it can be discussed further if spacing between adjacent indices for MCS levels is SNR-based or SE-based; however we think either ways would be OK and for simplicity we propose SE-based. 
At the modulation order switching points, the modulation can be selected based on the performance, and considering decoding latency for LDPC (higher rate with lower modulation order results in lower decoding latency for LDPC code.). 
DFT-s-OFDM, and Pi/2 -BPSK considerations in uplink 
In NR, all the modulation schemes supported in LTE (QPSK,16/64/256-QAM), as well as pi/2-BPSK is supported in MCS design with DFT-precoded OFDM for the uplink transmission direction. We note that since pi/2-BPSK modulation is mainly beneficial for coverage enhancement with low coding rates and hence can be enabled by network configuration. 
In case of DFT-s-OFDM, the first few MCS indices (low SE) may be dedicated to pi/2-BPSK, with possible limitation on resource allocation (1 to 2 PRBs), and possibly with some form of slot aggregation to improve the coverage. Some restriction on PRB allocation for pi/2-BPSK, and small SE is required to allow reasonable TBS, since the minimum TBS will likely be around 40 bits (including TB CRC) (see [2]). 
MCS Table design
If certain modulation is not enabled (e.g., pi/2-BPSK or 256QAM), the spectral efficiencies from that scheme (especially the lowest or highest SE values), can be translated to adjacent modulation scheme (e.g., QPSK or 64QAM, respectively), similar to LTE UL 64QAM handling. For example, for a UE which is not configured with pi/2-BPSK for DFT-SOFDM, the same MCS table (as with pi/2-BPSK is reused) with the MCS entries corresponding to pi/2-BPSK can re reinterpreted to correspond to QPSK modulation (with same code rate or the spectral efficiency). 
Based on all the above considerations, we discuss the MCS table for NR in the following.
For MCS table design in NR, depending on the different configurations, the transmission direction, etc., the following cases should be considered. The MCS range may also be RRC configured to a UE to keep a fixed overhead for MCS indication.
· Non-256-QAM, DL: reuse 14 entries from CQI table1, 13 interpolated entries, 2 overlap (at the modulation order transition points), and 3 implicit entries for reTx with three different modulation orders are introduced at the end, resulting in a 5-bit MCS table as presented in Table 2, the left side. For the sake of clarity, the MCS tables presented in this paper also contain the columns corresponding to spectral efficiencies.
· 256-QAM, DL: Same principle as above, and four levels for implicit modulation order are considered. See Table 2, the right side.
· Non-256-QAM, UL CP-OFDM: reuse same MCS as DL
· 256-QAM, UL CP-OFDM: reuse same MCS as DL.
· Non-256-QAM, UL DFT-SOFDM + pi/2-BPSK: See Table 3, the left side.
· 256-QAM, UL DFT-SOFDM + pi/2-BPSK: We note that the support of pi/2 BPSK and 256QAM mainly depends on the UE geometry, e.g., whether UE is in a bad or good coverage. It may be possible to use RRC to configure UE to support one of these modulations. Hence, it may not be necessary to use DCI to dynamically switch one to another. We believe for the case of 256-QAM, UL DFT-SOFDM, pi/2-BPSK modulation does not need to be supported; See Table 3, the right side.
· Our view is to support 64QAM also as a configurable modulation (at least for mmWave case). 
Proposal 4: Some entries are supported in the MCS table, for implicit rate/TBS determination. 
Proposal 5: For NR, adopt the MCS tables based the following principles:
· Adopt modulation and SE values from CQI table, and interpolate SE values to obtain the intermediate levels.
· Modulation order at the switching points should be determined based on LDPC performance and latency; some overlaps are also considered at the transition points. 
· In the case of DFT-s-OFDM, the first MCS index(s) (i.e., lowest SE(s)) can be used for pi/2-BPSK, in combination with some limitation on resource allocation.
· In the case of DFT-s-OFDM, the MCS table supporting up to 256-QAM, does not need to support pi/2-BPSK modulation.
Proposal 6: Adopt same MCS table for DL and UL CP-OFDM.
Proposal 7: For both UL and DL, support configurable 64QAM independently, where LTE-like handling of 64-QAM can be applied for MCS/TBS determination. 
Proposal 8: If pi/2-BPSK is not configured, the corresponding entries in the MCS table are interpreted as QPSK. 
Table 2. Proposed 5-bit MCS Tables for NR PDSCH and PUSCH (in case of CP-OFDM): without 256QAM configured (left), and with 256QAM configured (right). Note: only one coding rate needs to be defined (i.e. based on x32 or  x1024).
	MCS Index
	Modulation
	coding rate x 32
	coding rate x 1024
	SE
	Comment
	Modulation
	coding rate x 32
	coding rate x 1024
	SE
	Comment

	     0
	2
	    4
	120
	0.2344
	from CQI table
	2
	     4
	  120
	0.2344
	from CQI table

	     1
	2
	     5
	157
	0.3057
	Average Efficiency
	2
	     6
	   193
	0.377
	from CQI table

	     2
	2
	     6
	193
	0.377
	from CQI table
	2
	    10
	   308
	0.6016
	from CQI table

	     3
	2
	     8
	251
	0.4893
	Average Efficiency
	2
	    14
	   449
	0.877
	from CQI table

	     4
	2
	    10
	308
	0.6016
	from CQI table
	2
	    19
	   602
	1.1758
	from CQI table

	     5
	2
	    12
	379
	0.7393
	Average Efficiency
	4
	    12
	   378
	1.4766
	from CQI table

	     6
	2
	    14
	449
	0.877
	from CQI table
	4
	    14
	   434
	1.69535
	Average Efficiency

	     7
	2
	    16
	526
	1.0264
	Average Efficiency
	4
	    15
	   490
	1.9141
	from CQI table

	     8
	2
	    19
	602
	1.1758
	from CQI table
	4
	    17
	   553
	2.1602
	Average Efficiency

	     9
	2
	    21
	679
	1.3262
	Average Efficiency
	4
	    19
	   616
	2.4063
	from CQI table

	    10
	4
	    11
	340
	1.3262
	overlap
	4
	    21
	   658
	2.5684
	Average Efficiency

	    11
	4
	    12
	378
	1.4766
	from CQI table
	6
	    15
	   466
	2.7305
	from CQI table

	    12
	4
	    14
	434
	1.69535
	Average Efficiency
	6
	    16
	   517
	3.0264
	Average Efficiency

	    13
	4
	    15
	490
	1.9141
	from CQI table
	6
	    18
	   567
	3.3223
	from CQI table

	    14
	4
	    17
	553
	2.1602
	Average Efficiency
	6
	    19
	   616
	3.6123
	Average Efficiency

	    15
	4
	    19
	616
	2.4063
	from CQI table
	6
	    21
	   666
	3.9023
	from CQI table

	    16
	4
	    21
	658
	2.5684
	Average Efficiency
	6
	    22
	   719
	4.21285
	Average Efficiency

	    17
	6
	    14
	438
	2.5684
	overlap
	6
	    24
	   772
	4.5234
	from CQI table

	    18
	6
	    15
	466
	2.7305
	from CQI table
	6
	    26
	   822
	4.8193
	Average Efficiency

	    19
	6
	    16
	517
	3.0264
	Average Efficiency
	6
	    27
	   873
	5.1152
	from CQI table

	    20
	6
	    18
	567
	3.3223
	from CQI table
	6
	28
	910
	5.33495
	Average Efficiency

	    21
	6
	    19
	616
	3.6123
	Average Efficiency
	8
	    22
	   711
	5.5547
	from CQI table

	    22
	6
	    21
	666
	3.9023
	from CQI table
	8
	    23
	   745
	5.82
	Average Efficiency

	    23
	6
	    22
	719
	4.21285
	Average Efficiency
	8
	    24
	   778
	6.08
	from CQI table

	    24
	6
	    24
	772
	4.5234
	from CQI table
	8
	    26
	   817
	6.385
	Average Efficiency

	    25
	6
	    26
	822
	4.8193
	Average Efficiency
	8
	    27
	   856
	6.69
	from CQI table

	    26
	6
	    27
	873
	5.1152
	from CQI table
	8
	    28
	   902
	7.05
	Average Efficiency

	    27
	6
	    28
	910
	5.33495
	Average Efficiency
	8
	    30
	   948
	7.41
	from CQI table

	    28
	6
	    30
	948
	5.5547
	from CQI table
	2
	
	
	 
	Retx with TBS determined from initial Tx

	29
	2
	
	
	 
	Retx with TBS determined from initial Tx
	4
	
	
	 
	Retx with TBS determined from initial Tx

	    30
	4
	
	
	 
	Retx with TBS determined from initial Tx
	6
	
	
	 
	Retx with TBS determined from initial Tx

	     31
	6
	
	
	 
	Retx with TBS determined from initial Tx
	8
	
	
	 
	Retx with TBS determined from initial Tx


Table 3. Proposed 5-bit MCS Tables for NR PUSCH (in case of DFT-s-OFDM): without 256QAM configured (left), and with 256QAM configured (right). Note : only one coding rate needsto be defined (i.e. based on x32 or  x1024).
	MCS Index
	Modulation
	coding rate x 32
	coding rate x 1024
	SE
	 
	Modulation
	coding rate x 32
	coding rate x 1024
	SE
	 

	0
	1
	8
	240
	0.2344
	 
	2
	4
	120
	0.2344
	 

	1
	1
	10
	313
	0.3057
	 
	2
	6
	193
	0.377
	 

	2
	2
	6
	193
	0.377
	 
	2
	10
	308
	0.6016
	 

	3
	2
	8
	251
	0.4893
	 
	2
	14
	449
	0.877
	 

	4
	2
	10
	308
	0.6016
	 
	2
	19
	602
	1.1758
	 

	5
	2
	12
	379
	0.7393
	 
	2
	24
	756
	1.4766
	 

	6
	2
	14
	449
	0.877
	 
	4
	14
	434
	1.69535
	 

	7
	2
	16
	526
	1.0264
	 
	4
	15
	490
	1.9141
	 

	8
	2
	19
	602
	1.1758
	 
	4
	17
	553
	2.1602
	 

	9
	2
	21
	679
	1.3262
	 
	4
	19
	616
	2.4063
	 

	10
	2
	24
	756
	1.4766
	 
	4
	22
	699
	2.7305
	 

	11
	4
	12
	378
	1.4766
	 
	4
	24
	775
	3.0264
	 

	12
	4
	14
	434
	1.69535
	 
	4
	27
	851
	3.3223
	 

	13
	4
	15
	490
	1.9141
	 
	4
	29
	925
	3.6123
	 

	14
	4
	17
	553
	2.1602
	 
	6
	19
	616
	3.6123
	 

	15
	4
	19
	616
	2.4063
	 
	6
	21
	666
	3.9023
	 

	16
	4
	21
	658
	2.5684
	 
	6
	22
	719
	4.21285
	 

	17
	4
	22
	699
	2.7305
	 
	6
	24
	772
	4.5234
	 

	18
	4
	24
	775
	3.0264
	 
	6
	26
	822
	4.8193
	 

	19
	4
	27
	851
	3.3223
	 
	6
	27
	873
	5.1152
	 

	20
	4
	29
	925
	3.6123
	 
	6
	28
	910
	5.33495
	 

	21
	6
	19
	616
	3.6123
	 
	8
	22
	711
	5.5547
	 

	22
	6
	21
	666
	3.9023
	 
	8
	23
	745
	5.82
	 

	23
	6
	22
	719
	4.21285
	 
	8
	24
	778
	6.08
	 

	24
	6
	24
	772
	4.5234
	 
	8
	26
	817
	6.385
	 

	25
	6
	26
	822
	4.8193
	 
	8
	27
	856
	6.69
	 

	26
	6
	27
	873
	5.1152
	 
	8
	28
	902
	7.05
	 

	27
	6
	28
	910
	5.33495
	 
	8
	30
	948
	7.41
	 

	28
	6
	30
	948
	5.5547
	 
	2
	 
	 
	 
	Retx with TBS determined from initial Tx

	29
	2
	 
	 
	 
	Retx with TBS determined from initial Tx
	4
	 
	 
	 
	Retx with TBS determined from initial Tx

	30
	4
	 
	 
	 
	Retx with TBS determined from initial Tx
	6
	 
	 
	 
	Retx with TBS determined from initial Tx

	31
	6
	 
	 
	 
	Retx with TBS determined from initial Tx
	8
	 
	 
	 
	Retx with TBS determined from initial Tx


4. Summary
This document presented our views on aspects related to CQI/MCS table design.
Proposal 1: The reference resource for CQI definition is configured by higher layers as part of CSI feedback configuration.
Proposal 2: For NR, adjust the LTE 256QAM CQI table which reuses the below-64QAM entries, while the 256-QAM entries follow LTE principle of defining CQI-SE that yield equal spacing in SNR.
Proposal 3.1: For URLLC scenarios, a single CQI table should be adopted i.e. N=1. 
Proposal 3.2: For URLLC, the two target BLERs target two levels of initial Tx reliability: 1) one value in the 10% to 1% range and 2) second value between 0.1% and 1e-5 range. 
Proposal 3.3: For the URLLC CQI table, the reference resource can also be separately configured including non-slot duration, DMRS overhead, etc.
Proposal 3.4: For the URLLC MCS table, the lowest MCS level should be ~rate-1/13 QPSK, corresponding to the lowest CQI entry from EMBB 64-QAM CQI.
 Proposal 4: Some entries are supported in the MCS table, for implicit rate/TBS determination. 
Proposal 5: For NR, adopt the MCS tables based the following principles:
· Adopt modulation and SE values from CQI table, and interpolate SE values to obtain the intermediate levels.
· Modulation order at the switching points should be determined based on LDPC performance and latency; some overlaps are also considered at the transition points. 
· In the case of DFT-s-OFDM, the first MCS index(s) (i.e., lowest SE(s)) can be used for pi/2-BPSK, in combination with some limitation on resource allocation.
· In the case of DFT-s-OFDM, the MCS table supporting up to 256-QAM, does not need to support pi/2-BPSK modulation.
Proposal 6: Adopt same MCS table for DL and UL CP-OFDM.
Proposal 7: For both UL and DL, support configurable 64QAM independently, where LTE-like handling of 64-QAM can be applied for MCS/TBS determination. 
Proposal 8: If pi/2-BPSK is not configured, the corresponding entries in the MCS table are interpreted as QPSK. 
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6. Annex 1: List of CQi/MCS-related agreements from RAN1#90bis
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:
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]
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