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1 Introduction
In RAN1 92, the following agreements were made:
Agreements:
The two BLER targets for CQI reporting that are configurable for URLLC are to be down-selected from one of the following options:
· Option A. (10-1, 10-4)
· Option B. (10-1, 10-5)
· Option C. (10-3, 10-5) 
· Option D. (10-2, 10-4)

In RAN1 92BIS, the following agreements were 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:
· 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 exsiting CQI entires 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 discuss CQI table design for URLLC and present an example table following the proposed design goals. 
2 Discussion
2.1 Target BLER
URLLC requirements are such that a small packet of size 32 byte can be transmitted within 1ms latency with success probability of 1-10-5. In LTE, CQI report is derived based on 10% BLER. Several retransmissions can be performed to achieve high reliability if required. However, since much stricter requirements on both reliability and latency are set, CQI report for URLLC should be based on lower target BLER.
In last meeting, it was agreed the two BLER targets that are configurable for URLLC for CSI reporting are (10-1, 10-5). The main motivation behind this decision is to support multiple URLLC services which may require different reliability and latency requirements. According to this agreement, 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. The secondary table will have entries corresponding to BLER target 10-5, the values in this table are undetermined.
2.2 CQI Table Design for URLLC
[bookmark: _Hlk510769613]The target BLER should provide different CQI indices for a given TBS. As we know, it is meaningless to introduce both 10-1 and 10-2 as BLER targets if the SNRs are close to each other. To see that, we investigate the variation of the BLER performance assuming more realistic channel model assumptions TDL. 
For URLLC, it is important to have an accurate CQI report from the UE and accuracy can be improved by assuming good granularity of SE and a higher number of entries. Considering also on the feedback overhead, we think that 4-bit CQI feedback is reasonable for URLLC. If CQI entries are also used in the MCS table, the scheduler could use CQI report in the scheduling decisions, and this is already the case in LTE. Considering this aspect, we give an example CQI table for URLLC is shown in Table 1. Compared with the EMBB CQI table, the minimum SE is reduced from 0.1523 to 0.0586.

[bookmark: _Ref506386419][bookmark: _Ref506386413]Table 1 4-bit CQI table for URLLC
	CQI index for BLER 10^-5
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	30
	0.0586

	2
	QPSK
	50
	0.0977

	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


Link level simulation has been performed using the proposed CQI tables. The achievable spectral efficiency (bits/symbol) for different MCSs in the CQI table with 10-5 target BLER are shown as a function of SNR for TDL-A channel. Simulation assumption is summarized in the table2 in appendix. In simulation, four code rates are tested. We hope well-distributed simulation results curve, so code rates entries 30/1024 and 50/1024 are selected for Table1.
[image: ]
Figure 1   Performance of CQI table for TDL-A channel
3 Conclusion
In this contribution we discussed the open issues related to the BLER targets for CQI reporting and the design of CQI table for URLLC in NR. Based on the discussion, following proposals are made:
Proposal 1: Adopt Table 1 of current document for CQI table designed for configured BLER 10-5.
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5 Appendix
[bookmark: _Ref477421090]Table 2: Link level simulation assumption
	Parameters
	Value

	System bandwidth
	20 MHz

	Carrier Frequency
	4 GHz

	Subcarrier spacing
	30 kHz

	Modulations
	QPSK

	Channel coding
	LDPC: LNMS, SF=0.8, 20 iterations

	Allocation in time
	Slot transmission 14os 

	Allocation in frequency
	4PRB

	Channel estimation
	Ideal

	Channel model
	TDL-A (delay spread: 300ns) 

	UE speed
	3 km/h

	Number of BS antennas
	1Tx

	Number of UE antennas
	1Rx
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