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Introduction
In RAN#78, NR high reliability URLLC scope was agreed in [1]. RAN1 scope includes specifying CQI table and MCS table design targeting high reliability based on RAN1 agreement in RAN1#90bis.
· Specify, CQI table and MCS table design targeting high reliability
Based on the following identified need from RAN1 (RAN1 #90bis)
· 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 NR eMBB, CQI report was derived based on 10% BLER. The CQI table cannot be used to URLLC directly since much lower target BLER is set for URLLC. This contribution discusses the determination of two target BLER and the design of CQI table for URLLC.
Discussion
URLLC requirements are such that a small packet of size 32 byte can be transmitted within 1ms latency with BLER of 10-5. Thus 10-5 should be selected as one BLER-Target considering one-shot transmission.


For URLLC, since both ultra-high reliability and low latency are required, the repetition mechanism is one of the most important enabling ways to achieve high reliability and low latency. In NR, repetition factors of 1, 2, 4 and 8 are supported. Based on the ideal model of Final-BLER = (BLER-Target)repetition-times, 10-3 should be the other BLER-Target for repetition times of 2, 10-2 should be the other BLER-Target for repetition times of 4, and 10-1 should be the other BLER-Target for repetition times of 8. Generally, because of the channel is not independent between two or more consecutive repetitions, the performance of one transmission with spectral efficiency  is better than that of two transmissions with spectral efficiency . From this point, the typical configuration for repetition times should be as small as possible. So it’s proper to use 1 or 2 repetitions. More repetitions will be used in some special configurations. 
Proposal 1: Two BLER target for URLLC are 1E-5 and 1E-3.
Taking into account both small packet property and high reliability requirement, it is sufficient to support up to 64QAM for URLLC, i.e. 256QAM is not supported. CQI table for NR URLLC can be determined based on 64QAM CQI table for NR eMBB.
Some new CQI entries targeting low code rate should be added since the BLER target is much lower for URLLC and for eMBB. The performance of different modulation orders and code rates in Table 2 is evaluated with simulation assumptions in Table 3. Compared to 64QAM CQI table for NR eMBB, three new CQI entries of code rate 20/1024, 32/1024 and 50/1024 are added and the three entries with code rate higher than 2/3 are removed. 
The simulation results are given in Figure 1.


Figure 1: Simulation results of CQI table with low code rates
From the figure, we can see that one additional entry with code rate of 50/1024 can achieve similar or lower SNR with BLER=10-3 or 10-5 compared with code rate of 78/1024 with BLER=10-1. The SNR gap between code rate of 50/1024 and code rate of 78/1024 are similar to the other SNR gaps between two adjacent CQI indexes. In addition, the SNR gap between BLER=10-3 and BLER=10-5 with code rate of 50/1024 is less than 1dB. 
Based on the observation above, it is proposed to define CQI table for URLLC based on NR eMBB 64QAM CQI table by removing the last entry and add one entry with QPSK and code rate of 50/1024 as 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
	50
	0.09766

	2
	QPSK
	78
	0.1523

	3
	QPSK
	120
	0.2344

	4
	QPSK
	193
	0.3770

	5
	QPSK
	308
	0.6016

	6
	QPSK
	449
	0.8770

	7
	QPSK
	602
	1.1758

	8
	16QAM
	378
	1.4766

	9
	16QAM
	490
	1.9141

	10
	16QAM
	616
	2.4063

	11
	64QAM
	466
	2.7305

	12
	64QAM
	567
	3.3223

	13
	64QAM
	666
	3.9023

	14
	64QAM
	772
	4.5234

	15
	64QAM
	873
	5.5547



Proposal 2: The CQI table for URLLC is proposed in Table 1.
Conclusion
In this contribution, we discussed the determination of two target BLER and the design of CQI table for URLLC. We have the following proposals:
Proposal 1: Two BLER target for URLLC are 1E-5 and 1E-3.
[bookmark: _GoBack]Proposal 2: The CQI table for URLLC is proposed in Table 1.
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Annex
Table 2: CQI Table with low code rates
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	20
	0.03906

	2
	QPSK
	32
	0.06250

	3
	QPSK
	50
	0.09766

	4
	QPSK
	78
	0.1523

	5
	QPSK
	120
	0.2344

	6
	QPSK
	193
	0.3770

	7
	QPSK
	308
	0.6016

	8
	QPSK
	449
	0.8770

	9
	QPSK
	602
	1.1758

	10
	16QAM
	378
	1.4766

	11
	16QAM
	490
	1.9141

	12
	16QAM
	616
	2.4063

	13
	64QAM
	466
	2.7305

	14
	64QAM
	567
	3.3223

	15
	64QAM
	666
	3.9023



Table 3: Simulation assumptions of URLLC CQI 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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