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Introduction
In RAN1#92bis meeting [1], the following agreements on target BLER and CQI/MCS for URLLC have been made:
Agreements:
· The two BLER targets that are configurable for URLLC for CSI reporting are:
· Option B. (10-1, 10-5)
· Note: The definition of the test case for the BLER target of 10-5 should take into account channel and interference variations and estimation errors.
Agreements:
· Highest spectral efficiency for CQI based on 10-5 BLER target for URLLC is no more than 772/1024*6
· Highest spectral efficiency for CQI based on 10-1 BLER target for URLLC is no more than 873/1024*6
· It doesn’t necessarily mean that the CQI table introduced for eMBB can not be directly reused for URLLC – it’s still a separate discussion
· Note that 
· Whether or not to have two tables or a single table covering both BLER targets is a separate issue
Agreements:
· In total, there are two CQI tables for URLLC CQI reporting
· The first table for URLLC CQI reporting is the same as the existing 64QAM CQI table without any change, which is for BLER target 10-1 for URLLC
· Note: this means the agreement on “Highest spectral efficiency for CQI based on 10-1 BLER target for URLLC is no more than 873/1024*6” is overturned
· The new table will have entries corresponding to BLER target 10-5
· For CSI reporting, the CQI field is 4-bit.
Agreements:
· For BLER 10-5, 
· Companies are encouraged to perform simulations for the new CQI table for URLLC, including
· The lowest SE entry 
· E.g., 30~50/1024*2
· Note that the highest SE entry of no more than 772/1024*6 is already agreed
· Consider using approximately equally spaced SNR values
· Other options are not precluded
· Whether or not some existing CQI entries for BLER 10-1 can be reused
· Consider existing CQI entries when applicable
· In total 15 CQI entries (+1 OOR entry)
· In performing the simulations, consider
· Fading channel (TDL-A, 30ns) & (TDL-C, 300ns)
· Other options are not precluded
· Payload of 32 bytes
· Other payload sizes can also be considered, up to each company
· SNR at 5% geometry for the lowest SE entry
· Other options are not precluded
· For other simulation assumptions, refer to agreements from RAN1#92
· Similar considerations are also applicable to the MCS table evaluations 
In this contribution, we will further analyze the design of the CQI and MCS tables for URLLC.
CQI table
CQI table for BLER target 10-5
Based on the agreements, there are in total 15 CQI entries plus 1 out of range (OOR) entry in the new CQI table for 10-5 BLER target where the highest spectral efficiency is no more than 772/1024*6 and the lowest spectral efficiency is e.g., 30~50/1024*2. 
It is proposed to define the new CQI table for URLLC based on NR eMBB 64QAM CQI table [2] by removing the last two entries and add two entries with QPSK and code rate between 30/1024~50/1024.
Our simulation results in [3] (also shown in the Annex) show that the SNR gap between the code rate of 32/1024 and the code rate of 50/1024 and the SNR gap between the code rate of 50/1024 and the code rate of 78/1024 are similar to the other SNR gaps between any two adjacent CQI indexes at 10-5 BLER. It is proposed to add two new entries with spectral efficiencies of 32/1024*2 and 50/1024*2 as shown in Table 1.
Proposal 1: The CQI table for 10-5 BLER is shown in Table 1.

Table 1: Proposed CQI Table for URLLC
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	32
	0.06250

	2
	QPSK
	50
	0.09766

	3
	QPSK
	78
	0.1523

	4
	QPSK
	120
	0.2344

	5
	QPSK
	193
	0.3770

	6
	QPSK
	308
	0.6016

	7
	QPSK
	449
	0.8770

	8
	QPSK
	602
	1.1758

	9
	16QAM
	378
	1.4766

	10
	16QAM
	490
	1.9141

	11
	16QAM
	616
	2.4063

	12
	64QAM
	466
	2.7305

	13
	64QAM
	567
	3.3223

	14
	64QAM
	666
	3.9023

	15
	64QAM
	772
	4.5234



CQI table and target BLER determination
CQI table and target BLER need to be determined for CQI reporting. There are two higher layer parameters cqi-Table and bler-Target in CSI-ReportConfig which are optional as shown below.
-- Which CQI table to use for CQI calculation. Corresponds to L1 parameter 'CQI-table' (see 38.214, section 5.2.2.1)
	cqi-Table								ENUMERATED {table1, table2, spare2, spare1}		OPTIONAL,
	-- Indicates one out of two possible BWP-dependent values for the subband size as indicated in 38.214 table 5.2.1.4-2
	-- Corresponds to L1 parameter 'SubbandSize' (see 38.214, section 5.2.1.4)
	subbandSize								ENUMERATED {value1, value2},
	-- BLER target that the UE shall be assume in its CQI calculation.
	-- Corresponds to L1 parameter 'BLER-Target' (see 38.214, section 5.2.2.1)
	-- FFS_Values (now filled with spares)
	bler-Target								ENUMERATED {zerodot1, spare3, space2, spare1}	OPTIONAL,
According to the agreement, the two BLER targets for URLLC are 10-1(same as eMBB) and 10-5. The CQI table for URLLC BLER target 10-1 is the same as the existing 64QAM CQI table while a new CQI table is defined for BLER target 10-5. There are at least three alternatives to indicate CQI table and BLER target.
· Alt 1: remove bler-Target altogether and use cqi-Table to indicate the CQI table including the new CQI table defined for URLLC BLER target 10-5 
cqi-Table                                                                         ENUMERATED {table1, table2, table3spare2, spare1}
bler-Target                                                                       ENUMERATED {zerodot1, spare3, space2, spare1}
· Alt 2: bler-Target and cqi-Table are mutual exclusive, i.e. only one of the IEs is present
cqi-Table                                                                           ENUMERATED {table1, table2, spare2, spare1}
bler-Target                                                                       ENUMERATED {zerodot1, 1E-5spare3, space2, spare1}
· Alt 3: both bler-Target and cqi-Table are configurable
cqi-Table                                                                           ENUMERATED {table1, table2, table3spare2, spare1}
bler-Target                                                                       ENUMERATED {zerodot1, 1E-5spare3, space2, spare1}
Considering that each CQI table corresponds to one BLER target, Alt 1 configures CQI table only and the BLER target is implicitly determined based on the CQI table. Alt 1 has the lowest higher layer signaling overhead but it may be not backward compatible if the existing IE is deleted.
For Alt 2, eMBB and URLLC have different configuration schemes. For eMBB, the CQI table is configured while for URLLC the target BLER is configured. The other parameter is implicitly determined according to the configured parameter, i.e. the target BLER is fixed to be 0.1 if cqi-Table is configured while the CQI table is the existing 64QAM CQI table or existing 256QAM CQI table for target BLER 0.1 or 0.00001 respectively.
For Alt 3, both bler-Target and cqi-Table are configurable. UE should not be configured with table 3 with target BLER 0.1, or either table 1 or table 2 with target BLER 0.00001.
The latest 38.214 [2] implies Alt 2 since the CQI table is the existing 64QAM CQI table if the higher layer configures target BLER 0.1 which may not be applicable to eMBB. It is proposed to send an LS to RAN2 to inform the modifications to RRC parameters.
Proposal 2: Inform RAN2 the following modification to bler-Target and that cqi-Table and bler-Target are mutual exclusive.
cqi-Table                                                                           ENUMERATED {table1, table2, spare2, spare1}
bler-Target                                                                       ENUMERATED {zerodot1, 1E-5spare3, space2, spare1}

MCS tables
MCS tables for BLER target 10-5
For URLLC BLER target = 10-5, new MCS tables are needed in accordance to the new CQI table which contains two CQI entries with lower code rate. The 64-QAM eMBB MCS table [2] can be the starting point for the design of the MCS tables for URLLC. The MCS tables for URLLC should contain new MCSs with lower code rates than eMBB MCS table. Different from eMBB MCS table design, the MCS table for URLLC includes the lowest spectral efficiency in the CQI table as well to guarantee the ultra-reliability.
The proposed MCS table is given in Table 2 for PDSCH and PUSCH with CP-OFDM waveform and given in Table 3 for PUSCH with DFT-s-OFDM waveform.
Proposal 3: The URLLC MCS tables for URLLC BLER target = 10-5 are proposed in Table 2 and Table 3.



Table 2: Proposed MCS table for URLLC PDSCH and PUSCH without transform precoding
(BLER target = 10-5)
	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate x [1024]
R
	Spectral
efficiency

	0
	2
	32
	0.0625

	1
	2
	41
	0.0801

	2
	2
	50
	0.0977

	3
	2
	64
	0.1250

	4
	2
	78
	0.1523

	5
	2
	99
	0.1934

	6
	2
	120
	0.2344

	7
	2
	157
	0.3066

	8
	2
	193
	0.3770

	9
	2
	251
	0.4902

	10
	2
	308
	0.6016

	11
	2
	379
	0.7402

	12
	2
	449
	0.8770

	13
	2
	526
	1.0273

	14
	2
	602
	1.1758

	15
	2
	679
	1.3262

	16
	4
	378
	1.4766

	17
	4
	434
	1.6953

	18
	4
	490
	1.9141

	19
	4
	553
	2.1602

	20
	4
	616
	2.4063

	21
	4
	658
	2.5703

	22
	6
	466
	2.7305

	23
	6
	517
	3.0293

	24
	6
	567
	3.3223

	25
	6
	616
	3.6094

	26
	6
	666
	3.9023

	27
	6
	719
	4.2129

	28
	6
	772
	4.5234

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved



Table 3: Proposed MCS table for URLLC PUSCH with transform precoding (BLER target = 10-5)
	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate x 1024
R
	Spectral
efficiency

	0
	q
	64/q
	0.0625

	1
	q
	82/q
	0.0801

	2
	2
	50
	0.0977

	3
	2
	64
	0.1250

	4
	2
	78
	0.1523

	5
	2
	99
	0.1934

	6
	2
	120
	0.2344

	7
	2
	157
	0.3066

	8
	2
	193
	0.3770

	9
	2
	251
	0.4902

	10
	2
	308
	0.6016

	11
	2
	379
	0.7402

	12
	2
	449
	0.8770

	13
	2
	526
	1.0273

	14
	2
	602
	1.1758

	15
	2
	679
	1.3262

	16
	4
	378
	1.4766

	17
	4
	434
	1.6953

	18
	4
	490
	1.9141

	19
	4
	553
	2.1602

	20
	4
	616
	2.4063

	21
	4
	658
	2.5703

	22
	6
	466
	2.7305

	23
	6 
	517
	3.0293

	24
	6
	567
	3.3223

	25
	6
	616
	3.6094

	26
	6
	666
	3.9023

	27
	6
	719
	4.2129

	28
	1
	reserved

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved



MCS tables for BLER target 10-1
Similar as MCS table for URLLC BLER target 10-5, for URLLC BLER target = 10-1, it is desirable to include the lowest spectral efficiency in the CQI table. It is proposed to design new MCS tables which contains two MCS entries with lower code rate based on the 64-QAM eMBB MCS table [2] can for URLLC BLER target = 10-1. The proposed MCS table is given in Table 4 for PDSCH and PUSCH with CP-OFDM waveform and in Table 5 for PUSCH with DFT-s-OFDM waveform,.
Proposal 4: The new MCS tables for URLLC BLER target = 10-1 are proposed in Table 4 and Table 5.

Table 4: Proposed MCS table for URLLC PDSCH and PUSCH without transform precoding
(BLER target = 10-1)
	[bookmark: _Hlk498334581]MCS Index
[image: ]
	Modulation Order [image: ]
	Code rate 
× 1024
	Spectral
efficiency

	0
	2
	78
	0.1523

	1
	2
	99
	0.1934

	2
	2
	120
	  0.2344

	[bookmark: _Hlk498334616]3
	2
	157
	  0.3066

	4
	2
	193
	  0.3770

	5
	2
	251
	  0.4902

	6
	2
	308
	  0.6016

	7
	2
	379
	  0.7402

	8
	2
	449
	  0.8770

	9
	2
	526
	  1.0273

	10
	2
	602
	  1.1758

	11
	2
	679
	  1.3262

	12
	4
	378
	  1.4766

	13
	4
	434
	  1.6953

	14
	4
	490
	  1.9141

	15
	4
	553
	  2.1602

	16
	4
	616
	  2.4063

	17
	4
	658
	  2.5703

	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
	



Table 5: Proposed MCS table for URLLC PUSCH with transform precoding (BLER target = 10-1)
	MCS Index
[image: ]
	Modulation Order [image: ]
	Code rate 
× 1024
	Spectral
efficiency

	0
	q
	156/q
	0.1523

	1
	q
	198/q
	0.1934

	2
	2
	120
	  0.2344

	3
	2
	157
	  0.3066

	4
	2
	193
	  0.3770

	5
	2
	251
	  0.4902

	6
	2
	308
	  0.6016

	7
	2
	379
	  0.7402

	8
	2
	449
	  0.8770

	9
	2
	526
	  1.0273

	10
	2
	602
	  1.1758

	11
	2
	679
	  1.3262

	12
	4
	378
	  1.4766

	13
	4
	434
	  1.6953

	14
	4
	490
	  1.9141

	15
	4
	553
	  2.1602

	16
	4
	616
	  2.4063

	17
	4
	658
	  2.5703

	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
	1
	reserved

	29
	2
	

	30
	4
	

	31
	6
	




MCS table indication
For eMBB, the MCS table applied to the UE is semi-statically configured by higher layer signaling for UL and DL separately. New MCS table is introduced for URLLC. It is proposed that the MCS table is still configured by higher layer signaling. 
Proposal 5: MCS table for URLLC is configured by higher layer signalling for UL and DL respectively.
For eMBB, there are two MCS tables, i.e. 64QAM MCS table and 256QAM MCS table. For URLLC, according to the proposals above, there are also two MCS tables corresponding to BLER target 10-5 and BLER target 10-1 respectively and the MCS table corresponding to BLER target 10-1 is different from eMBB 64QAM MCS table. It is proposed that only one of the above four MCS tables could be configured to a UE for UL and DL respectively. 
Proposal 6: Only one MCS table could be configured to a UE for UL and DL respectively.
For DL and configured grant UL without transform precoding, we have the following analysis and proposal. Similar consideration could be applied to scheduled grant UL and both configured grant and scheduled grant UL with transform precoding.
Firstly, it is needed to differentiate two types of MCS tables. Type 1 is eMBB MCS tables and type 2 is URLLC MCS tables. It is proposed to use mcs-type-Table which is one new optional higher layer parameter with at least 1 bit.
Secondly, it is needed to differentiate two URLLC MCS tables. It is proposed to reuse the existing higher layer parameter mcs-Table with modification. For type 1 MCS tables, mcs-Table could represent either 64QAM MCS table or 256QAM MCS table. For type 2 MCS tables, mcs-Table could represent either MCS table 1 or MCS table 2.
When mcs-type-Table is not present, the MCS tye is the default type 1.
Proposal 7: Inform RAN2 the following modification to mcs-Table and mcs-TableTransformPrecoder and that new higher layer parameter mcs-type-Table is defined.
mcs-type-Table                                                              ENUMERATED {type1, type2 }		OPTIONAL,
-- for DL and configured grant UL without transform precoding --
mcs-Table                                                                      ENUMERATED {table1 qam64, table2 qam256 }
-- for scheduled grant UL and UL with transform precoding --
mcs-Table                                                                      ENUMERATED {table2 qam256 } 	OPTIONAL,
mcs-TableTransformPrecoder			ENUMERATED { table2 qam256}		OPTIONAL,

Conclusion
In this contribution, we discussed the design of CQI and MCS tables for URLLC. We have the following proposals:
Proposal 1: The new URLLC CQI table is shown in Table 1.
Proposal 2: Inform RAN2 the following modification to bler-Target and that cqi-Table and bler-Target are mutual exclusive.
cqi-Table                                                                           ENUMERATED {table1, table2, spare2, spare1}
bler-Target                                                                        ENUMERATED {zerodot1, 1E-5spare3, space2, spare1}
Proposal 3: The URLLC MCS tables for URLLC BLER target = 10-5 are proposed in Table 2 and Table 3.
Proposal 4: The URLLC MCS tables for URLLC BLER target = 10-1 are proposed in Table 4 and Table 5.
Proposal 5: MCS tables for URLLC will be configured by higher layer signaling.
Proposal 6: Only one MCS table could be configured to a UE for UL and DL respectively.
Proposal 7: Inform RAN2 the following modification to mcs-Table and mcs-TableTransformPrecoder and that new higher layer parameter mcs-type-Table is defined.
mcs-type-Table                                                              ENUMERATED {type1, type2 }		OPTIONAL,
-- for DL and configured grant UL without transform precoding --
mcs-Table                                                                      ENUMERATED {table1 qam64, table2 qam256 }
-- for scheduled grant UL and UL with transform precoding --
mcs-Table                                                                      ENUMERATED {table2 qam256 } 	OPTIONAL,
mcs-TableTransformPrecoder			ENUMERATED { table2 qam256}		OPTIONAL,
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Annex
The simulation results are given in the following figure.
[image: ]
The simulation assumptions are given in the following table.
	Parameters
	Values

	Payload size
	fixed payload size 32*8 = 256 information bits

	Coding scheme
	LDPC 

	Antenna configuration 
	1T1R

	Channel model
	AWGN

	RV
	0

	CRC
	16bits
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