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Introduction
In last RAN1 meeting, the following agreements on CQI and MCS were agreed: 
	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:
· Highest spectral efficiency for CQI based on 10-5 BLER target for URLLC is no more than 772/1024*6
· Highest spectral efficiency for CQI based on 10-1 BLER target for URLLC is no more than 873/1024*6
· It doesn’t necessarily mean that the CQI table introduced for eMBB cannot be directly reused for URLLC – it’s still a separate discussion
· Note that 
· Whether or not to have two tables or a single table covering both BLER targets is a separate issue
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, CQI and MCS tables for target BLER of 10-5 and MCS table related signalling are discussed in following sections. 

CQI table for URLLC
It was agreed that there are two CQI tables for URLLC CQI reporting and 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 (see Table 1). With regard to second table for lower BLER target such as 10-5, it would be reasonable to reuse the existing CQI entries since it provides approximately equally spaced SNR values for the BLER target 10-5 as well (see Fig. 3). Then, we could reuse thirteen lowest entries from first table and two additional entries can be considered because highest SE entry for second table is no more than 772/1024*6.
Table 1 4-bit CQI Table for URLLC target BLER=10-1
	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



Concerning lowest SE entry for second CQI table, the required SNR to achieve BLER target 10-5 and SNR at 5% geometry should be taken into account. Although the BLER requirement could be different according to UE even in same cell, the coverage should be identical regardless of target BLERs. In that sense, the lowest SNR should be kept irrespective of BLER requirements. On the second lowest SE entry, it can be designed to have equal spaced SNR values between first and third SE entries. Fig. 1 shows the BLER performance for proposed code rates with QPSK as a function of required SNR over AWGN channels. First, it can be seen that the required SNR to achieve BLER 10-5 for 40/1024 with QPSK is similar with that for 78/1024 with QPSK which is lowest SE entry of first CQI table. Second, we can observe that 48/1024 is reasonable to use as a second lowest code rate since the required SNR makes equally spaced SNR values.
[image: ]
Fig. 1 BLER Performance over AWGN channel (960 REs)
In Fig. 2, the BLER performances for code rate {30:5:50} over TDL-A 30ns and TDL-C 300ns are depicted. To check which code rates can satisfy 5% geometry requirements (-2.5dB to -3.0dB), it is necessary to observe the BLER performance over TDL-A 30ns, 700MHz since it is worst channel. Based on our studies, maximum code rate to meet the 5% geometry requirements is 40/1024. That means it can be confirmed that 40/1024 is reasonable code rate for lowest SE entry in the second CQI table. The details for evaluation environments and parameters are summarized in the Appendix.
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Fig. 2 BLER Performance over TDL-A (above) and TDL-C (below) (32 bytes)
Given above evaluation studies, the code rate 40/1024 and 48/1024 with QPSK are reasonable for two lowest SE entries according to our simulation studies.
Observation 1: The code rate 40/1024 and 48/1024 with QPSK are reasonable for two lowest SE entries according to our simulation studies.
Based on the above observations, following CQI Table 2 is proposed for URLLC transmission for target BLER=10-5 and corresponding evaluation results are provided in Fig. 3. It shows the achievable spectral efficiency for CQI indices in the proposed table as a function of required SNR over AWGN channels. The LDPC decoder is set to sum-product algorithm using 50 iterations. Note that the spectral efficiency for target BLER = 10-1 is evaluated by using Table 1. The required SNRs for adjacent CQI indexes in the table are evenly distributed and provide good spacing in all SNR regions for both 10-1 and 10-5 target BLER.
Table 2 Proposed 4-bit CQI Table for URLLC target BLER=10-5
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	40
	0.0781

	2
	QPSK
	48
	0.0938

	3
	QPSK
	78
	0.1523

	4
	QPSK
	120
	0.2344

	5
	QPSK
	193
	0.377

	6
	QPSK
	308
	0.6016

	7
	QPSK
	449
	0.877

	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



[image: ]
Fig. 3 Spectral efficiency curves with proposed CQI tables (960 REs)

Proposal 1: Support the CQI table 2 for BLER target 10-5

MCS table for URLLC
As we decided for CQI table for BLER target 10-1 to use same as the existing 64QAM CQI table without any change, it is reasonable to use the same existing 64QAM MCS table for URLLC MCS table to target BLER of 10-1. For the second MCS table for BLER target 10-5, we can define based on the entries in the relevant CQI table. For UL, -BPSK entries should be taken into account in the MCS table for UL DFT-s-OFDM. Similar to eMBB, most of entries in CQI table for UL can be the same as that for DL, and two lowest entries can be changed to -BPSK by doubling the code rate. In table 3, q=1 if UE has reported to support -BPSK modulation; and q=2 in other cases.
Table 3 Proposed MCS Table for URLLC DL
	MCS Index
IMCS
for BLER 10^-1
	MCS Index
IMCS
for BLER 10^-5
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	N/A
	0
	2
	48
	0.0938 

	N/A
	1
	2
	63
	0.1230 

	N/A
	2
	2
	78
	0.1523 

	N/A
	3
	2
	100
	0.1953

	0
	4
	2
	120
	0.2344 

	1
	5
	2
	157
	0.3066 

	2
	6
	2
	193
	0.3770 

	3
	7
	2
	251
	0.4902 

	4
	8
	2
	308
	0.6016 

	5
	9
	2
	379
	0.7402 

	6
	10
	2
	449
	0.8770 

	7
	11
	2
	526
	1.0273 

	8
	12
	2
	602
	1.1758 

	9
	13
	2
	679
	1.3262 

	10
	14
	4
	340
	1.3281 

	11
	15
	4
	378
	1.4766 

	12
	16
	4
	434
	1.6953 

	13
	17
	4
	490
	1.9141 

	14
	18
	4
	553
	2.1602 

	15
	19
	4
	616
	2.4063 

	16
	20
	4
	658
	2.5703 

	17
	21
	6
	438
	2.5664 

	18
	22
	6
	466
	2.7305 

	19
	23
	6
	517
	3.0293 

	20
	24
	6
	567
	3.3223 

	21
	25
	6
	616
	3.6094 

	22
	26
	6
	666
	3.9023 

	23
	27
	6
	719
	4.2129 

	24
	28
	6
	772
	4.5234 

	25
	N/A
	6
	822
	4.8164

	26
	N/A
	6
	873
	5.1152

	27
	N/A
	6
	910
	5.332

	28
	N/A
	6
	948
	5.5547

	29
	29
	2
	reserved

	30
	30
	4
	reserved

	31
	31
	6
	reserved





Table 4 Proposed MCS Table for URLLC UL
	MCS Index
IMCS
for BLER 10^-1
	MCS Index
IMCS
for BLER 10^-5
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	N/A
	0
	q
	96/ q
	0.0938 

	N/A
	1
	q
	126/ q
	0.1230 

	N/A
	2
	q
	156/ q
	0.1523 

	N/A
	3
	q
	200/ q
	0.1953

	0
	4
	q
	240/ q
	0.2344 

	1
	5
	q
	314/ q
	0.3066 

	2
	6
	2
	193
	0.3770

	3
	7
	2
	251
	0.4902

	4
	8
	2
	308
	0.6016

	5
	9
	2
	379
	0.7402

	6
	10
	2
	449
	0.8770

	7
	11
	2
	526
	1.0273

	8
	12
	2
	602
	1.1758

	9
	13
	2
	679
	1.3262

	10
	14
	4 
	340
	1.3281

	11
	15
	4
	378
	1.4766

	12
	16
	4
	434
	1.6953

	13
	17
	4
	490
	1.9141

	14
	18
	4
	553
	2.1602

	15
	19
	4
	616
	2.4063

	16
	20
	4
	658
	2.5703

	17
	21
	6
	466
	2.7305

	18
	22
	6 
	517
	3.0293

	19
	23
	6
	567
	3.3223

	20
	24
	6
	616
	3.6094

	21
	25
	6
	666
	3.9023

	22
	26
	6
	719
	4.2129

	23
	27
	6
	772
	4.5234

	24
	28
	6
	822
	4.8164

	25
	N/A
	6
	873
	5.1152

	26
	N/A
	6
	910
	5.3320

	27
	N/A
	6
	948
	5.5547

	28
	28
	1
	reserved

	29
	29
	2
	reserved

	30
	30
	4
	reserved

	31
	31
	6
	reserved



Proposal 2: Support the MCS table3 and table4 for BLER target 10-5

MCS table related signaling
If a new MCS table for target BLER of 10-5 is additionally designed for URLLC, there are two MCS tables for URLLC UE. One is for target BLER of 10-1 and the other is for target BLER of 10-5. One issue to consider is how UE uses one of two MCS tables. Following two options can be considered to enable. 
· Option 1: RRC configuration 
· Option 2: L1 indication
Regarding option 1, it seems to be simple rule because [1] also identified MCS configuration by RRC signalling in case of MCS tables for 64QAM and 256QAM. Accordingly, URLLC UE can be configured by RRC signalling to select one MCS tables between two MCS tables having different target BLERs without requiring much specification effort. For example, following sentence would be captured in [1] in case of PDSCH. It can be also applied into PUSCH with similar description.
	[bookmark: _Hlk497815485]if the higher layer parameter [mcs-Table-BLER] given by PDSCH-Config is set to '[1e-5]', and the PDSCH is scheduled with C-RNTI or CS-RNTI, and the PDSCH is assigned by a PDCCH with DCI format 1_1
-	the UE shall use IMCS and [new MCS table] to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel.
else
-	the UE shall use IMCS and Table 5.1.3.1-1 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel.
end



Regarding option 2, it can support dynamic MCS table indication at the cost of 1 bit addition in DCI field. However, it should be carefully to consider including 1 bit in DCI format. For example, if 1 bit is included in fall-back DCI formats such as DCI format 0_0 and 1, it would not be useful DCI field for eMBB UE assuming that the fall-back DCI format should be used for all UEs regardless service types like eMBB and URLLC. Also, since normal DCI formats such as DCI format 0_1 and 1_1 have a larger DCI size rather than fall-back DCI formats, it is more difficult to satisfy URLLC requirement of 10-5 target BLER with normal DCI in comparison with fall-back DCI. So, it seems to be more reasonable to assume that non fall-back DCI always use MCS table for targeting of 10-1 BLER. 
Proposal 3: Support to configure one of two MCS tables having different reliabilities via RRC signalling

Text Proposal for 38.214
Since each CQI table is implicitly designed with a certain target BLER such as 0.1 or 0.00001, current specification [1] should be revised by deleting unnecessary bler-Target parameter as follows. 
	5.2.2.1	Channel quality indicator (CQI) 
….
-	A single PDSCH transport block with a combination of modulation scheme, target code rate and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding: 
-	0.1, if the higher layer parameter cqi-Table in CSI-ReportConfig configures Table 5.2.2.1-2, or Table 5.2.2.1-3, or
-	a higher layer configured bler-Target (0.1 or 0.00001), if the higher layer parameter bler-Target is set to ‘0.1’ the Table 5.2.2.1-2 is used, otherwise Table 5.2.2.1-4 is used.
-  0.00001, if the higher layer parameter cqi-Table in CSI-ReportConfig configures Table 5.2.2.1-4


Proposal 4: Should adopt above text proposal.

Conclusions
In this contribution, followings are summarized in this contribution.  
Proposal 1: Support the CQI table for BLER target 10-5
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	2
	40
	0.0781

	2
	2
	48
	0.0938

	3
	2
	78
	0.1523

	4
	2
	120
	0.2344

	5
	2
	193
	0.3770

	6
	2
	308
	0.6016

	7
	2
	449
	0.8770

	8
	2
	602
	1.1758

	9
	4
	378
	1.4766

	10
	4
	490
	1.9141

	11
	4
	616
	2.4063

	12
	6
	466
	2.7305

	13
	6
	567
	3.3223

	14
	6
	666
	3.9023

	15
	6
	772
	4.5234



Proposal 2: Support the MCS tables for BLER target 10-5
MCS Table for URLLC DL
	MCS Index
IMCS
for BLER 10^-1
	MCS Index
IMCS
for BLER 10^-5
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	N/A
	0
	2
	48
	0.0938 

	N/A
	1
	2
	63
	0.1230 

	N/A
	2
	2
	78
	0.1523 

	N/A
	3
	2
	100
	0.1953

	0
	4
	2
	120
	0.2344 

	1
	5
	2
	157
	0.3066 

	2
	6
	2
	193
	0.3770 

	3
	7
	2
	251
	0.4902 

	4
	8
	2
	308
	0.6016 

	5
	9
	2
	379
	0.7402 

	6
	10
	2
	449
	0.8770 

	7
	11
	2
	526
	1.0273 

	8
	12
	2
	602
	1.1758 

	9
	13
	2
	679
	1.3262 

	10
	14
	4
	340
	1.3281 

	11
	15
	4
	378
	1.4766 

	12
	16
	4
	434
	1.6953 

	13
	17
	4
	490
	1.9141 

	14
	18
	4
	553
	2.1602 

	15
	19
	4
	616
	2.4063 

	16
	20
	4
	658
	2.5703 

	17
	21
	6
	438
	2.5664 

	18
	22
	6
	466
	2.7305 

	19
	23
	6
	517
	3.0293 

	20
	24
	6
	567
	3.3223 

	21
	25
	6
	616
	3.6094 

	22
	26
	6
	666
	3.9023 

	23
	27
	6
	719
	4.2129 

	24
	28
	6
	772
	4.5234 

	25
	N/A
	6
	822
	4.8164

	26
	N/A
	6
	873
	5.1152

	27
	N/A
	6
	910
	5.332

	28
	N/A
	6
	948
	5.5547

	29
	29
	2
	reserved

	30
	30
	4
	reserved

	31
	31
	6
	reserved




MCS Table for URLLC UL
	MCS Index
IMCS
for BLER 10^-1
	MCS Index
IMCS
for BLER 10^-5
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	N/A
	0
	q
	96/ q
	0.0938 

	N/A
	1
	q
	126/ q
	0.1230 

	N/A
	2
	q
	156/ q
	0.1523 

	N/A
	3
	q
	200/ q
	0.1953

	0
	4
	q
	240/ q
	0.2344 

	1
	5
	q
	314/ q
	0.3066 

	2
	6
	2
	193
	0.3770

	3
	7
	2
	251
	0.4902

	4
	8
	2
	308
	0.6016

	5
	9
	2
	379
	0.7402

	6
	10
	2
	449
	0.8770

	7
	11
	2
	526
	1.0273

	8
	12
	2
	602
	1.1758

	9
	13
	2
	679
	1.3262

	10
	14
	4 
	340
	1.3281

	11
	15
	4
	378
	1.4766

	12
	16
	4
	434
	1.6953

	13
	17
	4
	490
	1.9141

	14
	18
	4
	553
	2.1602

	15
	19
	4
	616
	2.4063

	16
	20
	4
	658
	2.5703

	17
	21
	6
	466
	2.7305

	18
	22
	6 
	517
	3.0293

	19
	23
	6
	567
	3.3223

	20
	24
	6
	616
	3.6094

	21
	25
	6
	666
	3.9023

	22
	26
	6
	719
	4.2129

	23
	27
	6
	772
	4.5234

	24
	28
	6
	822
	4.8164

	25
	N/A
	6
	873
	5.1152

	26
	N/A
	6
	910
	5.3320

	27
	N/A
	6
	948
	5.5547

	28
	28
	1
	reserved

	29
	29
	2
	reserved

	30
	30
	4
	reserved

	31
	31
	6
	reserved



Proposal 3: Support to configure one of two MCS tables having different reliabilities via RRC signalling
	5.2.2.1	Channel quality indicator (CQI) 
….
-	A single PDSCH transport block with a combination of modulation scheme, target code rate and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding: 
-	0.1, if the higher layer parameter cqi-Table in CSI-ReportConfig configures Table 5.2.2.1-2, or Table 5.2.2.1-3, or
-	a higher layer configured bler-Target (0.1 or 0.00001), if the higher layer parameter bler-Target is set to ‘0.1’ the Table 5.2.2.1-2 is used, otherwise Table 5.2.2.1-4 is used.
-  0.00001, if the higher layer parameter cqi-Table in CSI-ReportConfig configures Table 5.2.2.1-4


Proposal 4: Should adopt text proposal.

Reference
[1] R1-1805796, “TS 38.214: Physical layer procedures for data”, v15.1.0

Appendix
Simulation parameters for TDL channels in Fig. 2
	Mod Order
	CR x 1024
	CR
	SE
	E
	K+CRC
	K

	2
	50
	0.0491
	0.0981
	5544
	272
	256

	2
	45
	0.0438
	0.0875
	6216
	272
	256

	2
	40
	0.0395
	0.0790
	6888
	272
	256

	2
	35
	0.0344
	0.0689
	7896
	272
	256

	2
	30
	0.0300
	0.0600
	9072
	272
	256



Evaluation assumptions
	Parameters
	Value

	Payload size
	32 bytes = 256 bits

	System bandwidth
	40MHz

	Carrier Frequency
	4GHz, 700MHz

	Subcarrier spacing
	30KHz, other SCS are not precluded

	Transmission type
	Localized

	Modulation 
	QPSK

	PRB configuration (time)
	7 OS with front-loaded DMRS

	Number of PRBs allocated for PUSCH
	33, 37, 41, 47, 54 (CR×1024 = 30:5:50)

	Channel coding
	LDPC codes: sum-product 50 iterations

	Transmission scheme
	1-port precoder cycling across 6 PRBs

	Channel estimation
	MMSE across 6 PRBs

	Channel model
	TDL-A (delay spread: 30ns)
TDL-C (delay spread: 300ns) 

	UE speed
	3 km/h

	Number of BS antennas
	2Tx

	Number of UE antennas
	4Rx for 4G, 2Rx for 700MHz

	Residual target BLER
	10-5
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