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Introduction
In 3GPP RAN1#90bis [1], the following agreements on CQI and MCS were agreed: 
	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 


In this contribution, we discuss about URLLC CQI support for NR.
CQI design for URLLC
For URLLC CQI table, following design principles should be considered: 
· Lower modulation such as 16QAM and 64QAM
· Target BLERs for each CQI table should be different from each other. E.g., 10-3 for 64QAM URLLC CQI table and 10-5 for 16QAM URLLC CQI table
In this section, CQI designs based on different modulations are provided. 
1.1 CQI design for URLLC 64QAM
Since a well-designed CQI table for 64QAM already exists in LTE and NR as shown in Table 2, it would be preferred to preserve the required SNR for each CQI index. In order to maintain the required SNR for lower target BLER, code rate for each index should be decreased from the legacy code rate. According to our evaluation results in Figure 5, code rate reduction by 24/1024 for each index make overlapped required SNR curves. 
	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 2 4-bit CQI Table for 64QAM in LTE
[image: ]
Figure 5 Req. SNR curves with 64QAM CQI tables (960 REs)
Based on the evaluation results, following CQI table is proposed for URLLC transmission with 64QAM and corresponding evaluation results are provided in Figure 6.
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	54
	0.1055

	2
	QPSK
	96
	0.1875

	3
	QPSK
	169
	0.3301

	4
	QPSK
	284
	0.5547

	5
	QPSK
	425
	0.8301

	6
	QPSK
	578
	1.1289

	7
	16QAM
	354
	1.3828

	8
	16QAM
	466
	1.8203

	9
	16QAM
	592
	2.3125

	10
	64QAM
	442
	2.5898

	11
	64QAM
	543
	3.1816

	12
	64QAM
	642
	3.7617

	13
	64QAM
	748
	4.3828

	14
	64QAM
	849
	4.9746

	15
	64QAM
	924
	5.4141


Table 3 Proposed 4-bit CQI Table for URLLC 64QAM
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Figure 6 BLER results with proposed URLLC 64QAM CQI table for NR (960 REs)
As shown in Figure 6, adjacent CQI indexes in the table shows evenly distributed performance considering high reliability. 
1.2 CQI design for URLLC 16QAM
In this section, we discuss a CQI table design for URLLC transmission with 16QAM. In order to design a CQI table for URLLC transmission, lower modulation (16QAM) and finer granularities of required SNR are considered. Such design is achieved by considering following detailed design principles:
· The entries of CQI 1, 3, 5, 7, 9, 11, 13, 15 in 16QAM CQI table are taken from the entries of CQI 1-8 in 256QAM CQI table;
· The entries of CQI 2, 4, 6, 8, 10, 12, 14 in 16QAM CQI table are newly defined to have an intermediate req. SNR from the req. SNRs of adjacent CQI indexes.
· Code rates are decreased by 48/1024 to consider lower target BLER.
Considering the detailed design principles in the above, proposed CQI table and corresponding evaluation results are given in Table 4, Figure 7 and Figure 8, respectively.
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	30
	0.0586

	2
	QPSK
	54
	0.1055

	3
	QPSK
	86
	0.1680

	4
	QPSK
	125
	0.2441

	5
	QPSK
	175
	0.3418

	6
	QPSK
	236
	0.4609

	7
	QPSK
	309
	0.6035

	8
	QPSK
	390
	0.7617

	9
	QPSK
	480
	0.9375

	10
	QPSK
	576
	1.1250

	11
	16QAM
	316
	1.2344

	12
	16QAM
	385
	1.5039

	13
	16QAM
	458
	1.7891

	14
	16QAM
	535
	2.0898

	15
	16QAM
	612
	2.3906


Table 4 Proposed 4-bit CQI Table for 16QAM
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Figure 7 BLER results with proposed URLLC 16QAM CQI table for NR (960 REs)
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Figure 8 Req. SNR curves with 16QAM CQI tables (960 REs)
As shown in Figure 7, adjacent CQI indexes in the table shows evenly distributed performance considering high reliability. 
Proposals: 
· Support Table 3 and/or 4 for NR CQI table for URLLC transmission. 
Conclusions
In this contribution, CQI designs for URLLC are discussed. Based on the discussions, and the following observations and proposals are provided:
Proposals: 
· Support the following Table for NR 64QAM CQI table for URLLC transmission. 
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	54
	0.1055

	2
	QPSK
	96
	0.1875

	3
	QPSK
	169
	0.3301

	4
	QPSK
	284
	0.5547

	5
	QPSK
	425
	0.8301

	6
	QPSK
	578
	1.1289

	7
	16QAM
	354
	1.3828

	8
	16QAM
	466
	1.8203

	9
	16QAM
	592
	2.3125

	10
	64QAM
	442
	2.5898

	11
	64QAM
	543
	3.1816

	12
	64QAM
	642
	3.7617

	13
	64QAM
	748
	4.3828

	14
	64QAM
	849
	4.9746

	15
	64QAM
	924
	5.4141



· Support the following Table for NR 16QAM CQI table for URLLC transmission. 
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	30
	0.0586

	2
	QPSK
	54
	0.1055

	3
	QPSK
	86
	0.1680

	4
	QPSK
	125
	0.2441

	5
	QPSK
	175
	0.3418

	6
	QPSK
	236
	0.4609

	7
	QPSK
	309
	0.6035

	8
	QPSK
	390
	0.7617

	9
	QPSK
	480
	0.9375

	10
	QPSK
	576
	1.1250

	11
	16QAM
	316
	1.2344

	12
	16QAM
	385
	1.5039

	13
	16QAM
	458
	1.7891

	14
	16QAM
	535
	2.0898

	15
	16QAM
	612
	2.3906
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