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Introduction
In RAN1#90b, the following agreements on the CQI reporting for URLLC were reached: 
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 share our views regarding the design of the MCS and CQI tables for URLLC.
LDPC Codes for URLLC
LDPC Base graph #2 has the benefit of lower decoding latency and processing time. Therefore, LDPC Base graph #2 can be the appropriate candidate coding scheme for URLLC. Also, sharing one agreed coding scheme for eMBB and URLLC can ease the implementation complexity and effort for UE and gNB and also shorten the standardization process.
Base graph #2 may be used for block lengths of 32B and code rates R>2/3, but it is not optimized for this particular range of code rates. On the other hand due to the high reliability and low latency –limited # of HARQ re-TX-  requirement of URLLC R >2/3 is not required as shown in Figure 3 and Figure 4. Therefore, it is preferable to limit the code rate to R ≤ 2/3 for the design of the MCS and the CQI tables for URLLC.
Proposal 1: LDPC Base graph #2 with a maximum CR of 2/3 should be the candidate for URLLC channel coding scheme. 

[bookmark: _Ref506367905]CQI Table
The 64-QAM eMBB CQI table (Table 5.2.2.1-2 of 38.214 ‎[1]) is sufficient as a starting point for the design of the CQI table for URLLC. The eMBB table is assuming a 10% BLER target for the HARQ operation. A 2dB SNR step was used between adjacent CQI index entries. The same concept could be similarly applied to URLLC using instead 10-3 and 10-5 as BLER targets.
Proposal 2: Support 10-3 and 10-5 as the two BLER targets for URLLC.
 Based on the eMBB CQI BLER curves ‎[2], SNR thresholds are derived assuming 10-3 and 10-5 BLER targets. Then, efficiency curves vs. new SNR thresholds are derived as in Figure 1 and Figure 2.
[bookmark: _Ref506218526]Table 1: eMBB 4-bit CQI Table
	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

	
	
	
	


CQI table is expanded with new CQI entries which are added based on the new BLER targets and using a 2dB step SNR extrapolation of the spectral efficiency as shown in Figure 1 and Figure 2. At low SNR corresponding to CQI index 1 and 2, it is necessary to operate at a lower effective code rate with a reduced efficiency. 
The table as shown in Table 2 is expanded with two new CQIs: one with code rate x 1024 of 29 and one with code rate x 1024 of 48 highlighted in yellow. Also, based on the conclusion of Proposal 1, the NR eMBB CQI table is truncated such that the CQIs with coding rate R higher then 2/3 are removed from the table.
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[bookmark: _Ref506303584]Figure 1 : Spectral Efficiency Extrapolation for 10-5 BLER target
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[bookmark: _Ref506303594]Figure 2: Spectral Efficiency Extrapolation for 10-3  BLER target



Also, System Level Simulations using the parameters given in Table 4 and based on the eMBB CQI Table (Table 1) show that high CQIs are not used and CQIs above CQI 7 (SE = 1.4766 bits/symbol ) are almost not reported for various fading channels with different delay spreads. This is mainly due to the small TBS used for URLLC and the low BLER targets, hence the low required efficiency. CQI index values of 7 or greater have a probability to be reported by the UE lower than 5% and CDF curves saturate at CQI Index 9 (see Figure 3 and Figure 4.). This is quite aligned with the results obtained in ‎[4].
Based on the 95th percentile of the CQI index CDF curves, the CQI table for 10-5 BLER target can be truncated to only include the lowest CQI index 1 to 7. As a result, a 3-bit CQI table for URLLC is sufficient to report likely CQI index values. This will help reducing the PUCCH payload and will lead to a more reliable uplink. 
Observation 1: From the URLLC SLS simulations, high CQIs are not used and CQIs above CQI 7 are almost not reported.
Proposal 3:  Limit the size of the CQI tables for URLLC to 3 bits.
	[image: ]
[bookmark: _Ref506455595]Figure 3: CQI Distribution for BLER target 10-3
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[bookmark: _Ref506455597]Figure 4 : CQI Distribution for BLER target 10-5


The new CQI Tables are given below 

Table 2: proposed 3-bit CQI Table2 new CQIs
Truncated CQIs based on the CQI CDF curve
Truncated CQIs with R > 2/3

	CQI index
BLER = 10^(-3)
	CQI index
BLER = 10^(-5)
	modulation
	code rate x 1024
	efficiency

	0
	0
	out of range

	N/A
	1
	QPSK
	29
	0.05623

	1
	2
	QPSK
	48
	0.09292

	2
	3
	QPSK
	78
	0.1523

	3
	4
	QPSK
	120
	0.2344

	4
	5
	QPSK
	193
	0.3770

	5
	6
	QPSK
	308
	0.6016

	6
	7
	QPSK
	449
	0.8770

	7
	N/A
	QPSK
	602
	1.1758

	7
	7
	16QAM
	378
	1.4766

	8
	8
	16QAM
	490
	1.9141

	9
	9
	16QAM
	616
	2.4063

	10
	10
	64QAM
	466
	2.7305

	11
	11
	64QAM
	567
	3.3223

	12
	12
	64QAM
	666
	3.9023

	13
	13
	64QAM
	772
	4.5234

	14
	14
	64QAM
	873
	5.1152

	15
	15
	64QAM
	948
	5.5547

	
	
	
	
	



Proposal 4: Use two CQI tables (Table 2) for URLLC for BLER targets 10-3 and  10-5
MCS Table
The 64-QAM eMBB MCS table (Table 5.1.3.1-1 of 38.214 ‎[1]) is sufficient as a starting point for the design of the MCS table for URLLC. 
In the following, the MCS table is constructed based on the CQI table defined in section ‎3 and adopting the similar approach as in ‎[3] . The CQI table is an indication of the preferred MCS range to be used in DL and it is natural to use the entries of the CQI table as part of the MCS table and build on that to design more MCS entries targeting low code rates because of the very low targeted BLER. 
Observation 2: Low code rates are needed in the MCS table to meet the reliability requirement.
Proposal 5: MCS tables for URLLC include lower code rates than the eMBB MCS tables to meet the stringent reliability requirement.
As per the RAN1#90b agreement, it is possible to define two separate CQI tables associated with two different BLER targets. Also, it is essential to construct the MCS table in reference to the entries in the CQI tables. 
In case different CQI tables are configured as proposed in section ‎3, different MCS tables may be needed for each BLER target. The idea is to define multiple MCS tables for URLLC that correspond to the CQI tables associated with different URLLC BLER targets. As UE requires the selected MCS value during demodulation, the idea involves configuring or signalling the selected MCS table index in addition to the MCS entry index within the selected MCS table.
One approach is to configure one MCS table by RRC. One table from the two pre-specified MCS tables can be indicated.
Another approach is to pre-configure one or two MCS tables by RRC and to indicate the index values corresponding to the pre-configured MCS tables by DCI scheduling PDSCH/PUSCH. 
A third approach is to indicate a table index by DCI scheduling PDSCH/PUSCH. The index can be selected from a set of pre-specified MCS tables. No RRC configuration is required in this case. 
DCI-only configuration option provides better MCS granularity than RRC or RRC+DCI options as UE can be configured with any of the available MCS tables dynamically per each TTI. Note that this is beneficial for the case where UE uses multiple URLLC services with different reliability requirements at the same time. As URLLC traffic arrives sporadically in short packets, MCS table configuration with no RRC involvement can be preferable.
Proposal 6: Use 2 separate MCS tables for URLLC. 
Proposal 7:.L1 signalling of the selected MCS table index in addition to the MCS entry index within the selected MCS table.
Also, compact DCI is needed to improve the robustness and the reliability of the DL control channel. Reducing the DCI payload leads to lower code rate for the DL control channel and allows for performance gain. Limiting the set of used MCSs is very relevant for URLLC and allows to reduce the number of bits used for the MCS signalling in the DCI.
Observation 3: Compact DCI should be considered for MCS tables sizes. 
Proposal 8:  Limit the size of the MCS tables for URLLC to 4 bits.




[bookmark: _Ref506371199][bookmark: _Ref506371151]Table 3 : Proposed MCS Table for URLLC
	MCS Index
IMCS
BLER =10^(-3)
	MCS Index
IMCS
BLER =10^(-5)
	Modulation Order
 Qm
	Target code Rate x [1024]
R
	Spectral
efficiency

	N/A
	0
	2
	29
	0.05623

	0
	1
	2
	37
	0.07264

	1
	2
	2
	48
	0.09292

	2
	3
	2
	56
	0.1093

	3
	4
	2
	65
	0.1273

	4
	5
	2
	83
	0.1630

	5
	6
	2
	102
	0.1987

	6
	7
	2
	120
	0.2344

	7
	8
	2
	157
	0.3066

	8
	9
	2
	193
	0.3770

	9
	10
	2
	251
	0.4902

	10
	11
	2
	308
	0.6016

	11
	12
	2
	379
	0.7402

	12
	13
	2
	449
	0.8770

	13
	14
	2
	526
	1.0273

	14
	15
	2
	602
	1.1758

	15
	N/A
	2
	679
	1.3262

	11
	11
	4
	340
	1.3281

	12
	12
	4
	378
	1.4766

	12
	12
	4
	434
	1.6953

	13
	13
	4
	490
	1.9141

	14
	14
	4
	553
	2.1602

	15
	15
	4
	616
	2.4063

	16
	16
	4
	658
	2.5703

	17
	17
	6
	438
	2.5664

	18
	18
	6
	466
	2.7305

	19
	19
	6
	517
	3.0293

	20
	20
	6
	567
	3.3223

	21
	21
	6
	616
	3.6094

	22
	22
	6
	666
	3.9023

	23
	23
	6
	719
	4.2129

	24
	24
	6
	772
	4.5234

	25
	25
	6
	822
	4.8164

	26
	26
	6
	873
	5.1152

	27
	27
	6
	910
	5.3320

	28
	28
	6
	948
	5.5547

	29
	29
	2
	reserved

	30
	30
	4
	reserved

	31
	31
	6
	reserved


The new MCS tables are defined in Table 3. 
Proposal 9: Use two MCS tables (Table 3) for URLLC for BLER targets 10-3 and 10-5.

TBS Determination
TBS determination could follow the same procedure as defined for eMBB. 
Proposal 10:  eMBB TBS determination procedure to be used for URLLC.

Finally, we evaluate the number of available MCS indices for each TBS value using LDPC Base graph #2, the proposed MCS tables defined in Table 3, #PRB_scheduled = 1,2,…,272 and number of layers v = 1,2,3,4. Figure 5 shows the number of available MCS indices versus different TBS values for BG2. The figure shows that 16 MCS indices could be supported in the range of TBS values expected for URLLC. This shows that using the proposed tables allows for good scheduling flexibility for the network. 
[image: ]
[bookmark: _Ref506372993][bookmark: _Ref506372988]Figure 5 : number of available MCS indices per TBS value
Evaluating the lowest possible MCS index supported per TBS value is also important. The lowest possible MCS should be as small as possible to meet the reliability requirement. This gives the gNodeB the flexibility to select the lowest MCS in severe channel conditions. Figure 6 shows that it is always possible to select MCS for the URLLC expected PDSCH payload using the proposed MCS tables.
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[bookmark: _Ref506373670]Figure 6 : lowest possible MCS to be selected per TBS value
Proposal 11: Number of available MCS indices per TBS value and lowest possible MCS per TBS value need to be evaluated for the MCS table(s) design.
Conclusion
In this contribution, we discussed the design of the CQI and MCS tables for URLLC.
We made the following observations and proposals : 
Observation 1: From the URLLC SLS simulations, high CQIs are not used and CQIs above CQI 7 are almost not reported.
Observation 2: Low code rates are needed in the MCS table to meet the reliability requirement.
Observation 3: Compact DCI should be considered for MCS table(s) sizes. 
Proposal 1: LDPC Base graph #2 with a maximum CR of 2/3 should be the candidate for URLLC channel coding scheme. 
Proposal 2: Support 10-3 and 10-5 as the two BLER targets for URLLC.
Proposal 3:  Limit the size of the CQI tables for URLLC to 3 bits.
Proposal 4: Use two CQI tables (Table 2) for URLLC for BLER targets 10-3 and  10-5
Proposal 5: MCS tables for URLLC include lower code rates than the eMBB MCS tables to meet the stringent reliability requirement.
Proposal 6: Use 2 separate MCS tables for URLLC. 
Proposal 7:.L1 signalling of the selected MCS table index in addition to the MCS entry index within the selected MCS table.
Proposal 8:  Limit the size of the MCS tables for URLLC to 4 bits.
Proposal 9: Use two MCS tables (Table 3) for URLLC for BLER targets 10-3 and 10-5.
Proposal 10:  eMBB TBS determination procedure to be used for URLLC.

Proposal 11: Number of available MCS indices per TBS value and lowest possible MCS per TBS value need to be evaluated for the MCS table(s) design.
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Appendix
[bookmark: _Ref490226478]Table 4: Simulation parameters
	Parameter
	Value

	Carrier Frequency 
	4GHz

	Sub-carrier Spacing
	60kHz

	Simulation Bandwidth 
	40MHz

	gNB/UE Antennas
	2x4

	gNB  Tx Power 
	46dBm

	SNR Cell Edge 
	-5dB

	Cell Radius
	166.7 m

	Forbidden Zone
	35m

	Number UEs
	1000

	Rx Packets per UE
	100

	Thermal Noise
	-174dBm/Hz

	Inter-site Interference modelling
	Explicitly modeled (24 neighboring cells) 
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