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Introduction
The following was agreed in the RAN1 #90bis meeting [1]:
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 CQI table design for URLLC and present an example table following the proposed design goals. 
CQI Table Design for URLLC
In the current CQI design for LTE and NR EMBB channels, the target BLER of interest is around 10%, which is the preferred operating point for 1st HARQ transmission that maximizes user throughput. For URLLC, the CQI table should be designed for lower target BLER. More specifically, for eMBB, the lowest sustainable throughput can be achieved with spectral efficiency much lower than the lowest CQI/MCS spectral efficiency by relying on HARQ retransmissions. However, for URLLC, it is desirable to use fewer HARQ retransmissions to reduce latency. Therefore, the CQI/MCS corresponding to the first transmission is expected to have lower spectral efficiency (SE) to achieve high reliability with a limited number of HARQ transmissions. To meet URLLC latency requirements the target BLER might need to be reached with two transmissions instead of four. Setting the minimum spectral efficiency in the URLLC CQI table to half of that of the EMBB 64-QAM CQI table helps in achieving this goal since this likely to be the cell edge and transmission power cannot be further boosted. 
Proposal 1: The minimum SE in the URLLC CQI table should be half of that of the EMBB table.
To achieve higher reliability in URLLC, low spectral efficiency is expected to be used frequently. The CQI table for EMBB however has coarse granularity in the low SE region, leading to potentially inefficient resource allocation since the number of RBs allocated is more sensitive to the target SE in the low SE region. Figure 1 shows the number of allocated RBs at a given SE for different payload sizes, ranging from 256 to 1600 bits, where the payload size excludes the TB CRC. We can observe that in the low SE region, the number of RBs changes significantly even with a small variation in SE. However, the value stays almost the same when SE is high. 
 [image: ]
[bookmark: _Ref506385340]Figure 1 Number of allocated RBs for different payload sizes; 16 bits TB CRC and 2 symbol mini-slot

Observation 1: The number of allocated RBs is very sensitive to variation in SE in the low SE region, but not in the high SE region.
The coarse granularity in the low SE region would lead to large variation in the number of RBs allocated, resulting in either inefficient resource allocation or higher probability of transmission failures due to insufficient resource allocation, which increases latency.
Observation 2: The CQI table for EMBB has coarse granularity in low SE, which can result in either inefficient resource allocation or more transmission failures due to insufficient resource allocation.
To maintain the same size for the CQI table in URLLC as in EMBB, coarser granularity can be used in the higher SE region, where the number of allocated RBs is not very sensitive to the target SE as shown in Figure 1.
Proposal 2: The CQI table for URLLC should take into consideration the sensitivity of RB allocation with respect to SE.
In addition, the granularity of the allocated RBs for URLLC data traffic is important from a system point of view, as low SE cell-edge UEs consume most of the system resources and have bigger impact on both URLLC capacity and overall spectral efficiency, while high SE cell-center UEs consume less resource and have less impact on system capacity and efficiency.
Proposal 3: The CQI table for URLLC should have finer SE granularity in the low SE region and coarser granularity in the high SE region.
Based on these design requirements, an example CQI table for URLLC is shown in Table 1. Compared with the EMBB CQI table (reproduced in Table 2), the minimum SE is reduced from 0.1523 to 0.0762. The table has fewer entries with high SE and more entries with low SE than the EMBB table as well. Additionally, the difference in number of allocated RBs between adjacent CQI entries does not exceed 30 RBs for smaller TBS values. New entries in the example table compared to the EMBB 64-QAM table are highlighted. 
[bookmark: _Ref506386419][bookmark: _Ref506386413]Table 1 4-bit Example CQI table for URLLC
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	39
	0.0762

	2
	QPSK
	45
	0.0879

	3
	QPSK
	52
	0.1016

	4
	QPSK
	62
	0.1211

	5
	QPSK
	78
	0.1523

	6
	QPSK
	96
	0.1875

	7
	QPSK
	120
	0.2344

	8
	QPSK
	193
	0.3770

	9
	QPSK
	308
	0.6016

	10
	     QPSK
	449
	0.8770

	11
	QPSK
	602
	1.1758

	12
	16QAM
	378
	1.4766

	13
	16QAM
	616
	2.4063

	14
	16QAM
	576
	3.3223

	15
	64QAM
	772
	4.5234



[bookmark: _Ref506473588]Table 2 4-bit CQI table for EMBB [2]
	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



Figure 2 illustrates the number of RBs corresponding to SE for the entries in the example CQI table using a 2-symbol mini-slot. The payload size is 256 bits excluding 16 bits TB CRC. For larger TB sizes, 4 symbol mini-slot is required to support very low SE. In Figure 3 we show the number of required RBs with a 1200 bits payload size and 4 symbol mini-slot at the SE values from the example table.
[image: ]
[bookmark: _Ref506398083][bookmark: _Ref506398073]Figure 2 Number of RBs corresponding to the SEs in the CQI table; the payload size is 256 bits excluding a 16 bit TB CRC; 2 symbol mini-slot
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[bookmark: _Ref506469104][bookmark: _Ref506478124]Figure 3 Number of RBs corresponding to the SEs in the CQI table; payload size is 1200 bits excluding 16 bits CRC; 4 symbol mini-slot

MCS Table Design for URLLC
The minimum SE entry from the CQI table is not included in the MCS tables of EMBB, since it is expected that system will achieve that SE with retransmission. URLLC is expected to have high reliability in the first transmission in addition to subsequent ones. Therefore, the minimum SE entry in the CQI table should be included in the URLLC MCS table.
Proposal 4: The minimum SE entry in the CQI table is included in the MCS table in URLLC.
Conclusion
Observation 1: The number of allocated RBs is very sensitive to variation in SE in the low SE region, but not in the high SE region.
Observation 2: The CQI table for EMBB has coarse granularity in low SE, which can result in either inefficient resource allocation or more transmission failures due to insufficient resource allocation.
Proposal 1: The minimum SE in the URLLC CQI table should be half of that of the EMBB table.
Proposal 2: The CQI table for URLLC should take into consideration the sensitivity of RB allocation with respect to SE.
Proposal 3: The CQI table for URLLC should have finer SE granularity in the low SE region and coarser granularity in the high SE region.
Proposal 4: The minimum SE entry in the CQI table is included in the MCS table in URLLC.
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[bookmark: _Ref506467783][bookmark: _Ref506467778]Figure 4 Comparison of Shannon limit gap corresponding to SE values in the CQI table for EMBB and URLLC 
[bookmark: _GoBack]To illustrate the potential performance step size between adjacent entries in the example CQI table, Figure 4 provides a comparison of the AWGN Shannon limit corresponding to the SE in CQI table for EMBB and URLLC. The SNR difference between two consecutive entries in the CQI table for EMBB is about 2dB almost uniformly. For the two consecutive entries in the URLLC CQI table, the SNR difference is smaller at low SE and larger at high SE.
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