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Introduction
In last RAN1 meeting, the following agreements on CQI and MCS were agreed: 
	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)

Companies are encouraged to consider the following when performing evaulations for down-selection of BLER targets for CQI reporting, e.g., 
Resource efficiency: e.g., number of RE occupied, probability of blocking
Feasibility of UE producing accurate CQI estimation for CQI reporting. Each company can provide views from their perspective. Assume existing definition of CSI reference resource.
The distance in SNR (dB) between the two target is sufficient to generate distinct CQI in typical operation.
UE complexity of being able to generate CQI report for 3 BLER targets  (e.g., Option (C) and (D) in certain cases) vs 2 BLER targets (Option (A) and (B))
achieved latency

Agreements:
· For new CQI table and MCS table constructed specifically for URLLC, 256QAM is not included.
· Lowest spectral efficiency in any/all CQI table is not lower than 30/1024 * 2 (QPSK)
· Highest spectral efficiency in any/all CQI table is not greater than a value, where the value is selected from one of the following: 
a) 666/1024 * 6
b) 772/1024 * 6
c) 873/1024 * 6
d) 948/1024 * 6 
· Lowest spectral efficiency in any/all MCS table is not lower than 30/1024 * 2.
· Highest spectral efficiency in any/all MCS table is not greater than a value, where the value is selected from the following: 
a) 666/1024 * 6
b) 772/1024 * 6
c) 873/1024 * 6
d) 948/1024 * 6 
Agreements:
· Only single transport block (i.e., a single CW) transmission is supported for URLLC in Rel-15.


In this contribution, two target BLERs for URLLC and CQI/MCS tables are discussed in following sections. 
Two target BLERs for URLLC
In order to select appropriate two target BLERs among 4 options, it was agreed that following things should be investigated with the consideration on how to affect target BLER design: Resource efficiency, feasibility of UE producing accurate CQI estimation, the distance in SNR (dB) between the two targets, UE complexity of generating CQI reporting for N target BLERs, achievable latency. 
It should support “Option A. (10-1, 10-4)” as two target BLERs such that 10-1 is used as LTE target BLER value and 10-4 is used as new target BLER for new CQI reporting with following reasons.
Regarding resource efficiency, HARQ transmission based on target BLERs (10-1, 10-4) has better resource utilization rather than one shot transmission (x, 10-5). Following Fig. 1 shows the number of used REs according to CQI index to satisfy URLLC reliability requirement of 10-5 with the assumption on payload size of 32byte plus having individual CQI table based on each target BLER. Since URLLC would require lower MCS/CQI level to improve reliability, the amount of resources used for HARQ transmission might be less compared to that for no HARQ transmission. For example, if gNB schedules MCS values based on CQI 1 reported from UE, more than a half of resources can be saved as shown in Fig. 1.
[image: ]
Fig. 1 Resource efficiency between HARQ retransmission based on (10-1, 10-4) and one-shot transmission based on (10-5)
[bookmark: _GoBack]As per UE implementation, when target BLER for CQI reporting is smaller, it is difficult for UE to estimate accurate CQI due to increasing complexity for developing CQI estimation algorithm. Therefore, considering target BLER of 10-4 seems to be more reasonable than 10-5 in order to minimize UE impact. Besides, even though URLLC reliability requirement provides target BLER of 10-5 within 1ms, there might be the relaxed version of URLLC service requiring target BLER of 10-3 or 10-4 within more than 1ms as an example. In that sense, target BLER of 10-4 might be considered as compromised solution being able to support various reliability requirements. 
Proposal 1: Support two target BLERs as (10-1, 10-4)

CQI table for URLLC
As shown in Fig. 2, SNR gap between two target BLERs (10-1, 10-4) is larger than 0.5~1dB, and therefore it is preferred to generate distinct CQI reporting by using those two CQI tables. Otherwise, the scheduling efficiency and flexibility are reduced because lower CQI index can be applied rather than proper one. 
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Fig. 2 SNR gap between two target BLERs (10-1, 10-4).
Since a well-designed CQI table already exists in LTE and NR as shown in Table 1, it would be a good option to reuse these for BLER= 10-1. With regard to CQI table for lower BLER target such as 10-4, the required SNRs 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 operating SNR range should be kept irrespective of BLER requirements. Hence, it would be beneficial if required SNR for same CQI index in two existing tables is maintained. In order to maintain the required SNR for lower target BLER, code rate for each index should be decreased from the legacy code rate in Table 1. According to our evaluation results in Fig. 3, code rate reduction by 36/1024 for each index makes equivalent required SNR curves.
Table 1 Proposed 4-bit CQI Table for URLLC target BLER = 10-1 (as for NR eMBB 64QAM)
	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
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Fig. 3 Req. SNR curves with proposed CQI tables (960 REs)
Based on the evaluation results, following CQI Table 2 is proposed for URLLC transmission for target BLER=10-4 and corresponding evaluation results are provided in Fig. 4. It shows the achievable spectral efficiency for CQI indices in the proposed tables as a function of required SNR over AWGN channels. The LDPC decoder is set to sum-product algorithm using 50 iterations. 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 10-4 target BLER.
Table 2 Proposed 4-bit CQI Table for URLLC target BLER=10-4
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	42
	0.1055

	2
	QPSK
	84
	0.1875

	3
	QPSK
	157
	0.3301

	4
	QPSK
	272
	0.5547

	5
	QPSK
	413
	0.8301

	6
	QPSK
	566
	1.1289

	7
	16QAM
	342
	1.3828

	8
	16QAM
	454
	1.8203

	9
	16QAM
	580
	2.3125

	10
	64QAM
	430
	2.5898

	11
	64QAM
	531
	3.1816

	12
	64QAM
	630
	3.7617

	13
	64QAM
	736
	4.3828

	14
	64QAM
	837
	4.9746

	15
	64QAM
	912
	5.4141
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Fig. 4 Spectral efficiency curves with proposed CQI tables (960 REs)

Proposal 2: Support the CQI table1 and table 2 for URLLC
MCS table for URLLC
MCS tables can be defined based on the entries in the CQI tables. For DL and UL CP-OFDM, it is reasonable to use the same MCS table. However, -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 DFT-s-OFDM can be the same as that for DL, and two lowest entries can be changed to -BPSK by doubling the code rate. 
Table 3 Proposed MCS Table for URLLC DL and UL CP-OFDM
	MCS Index
IMCS
	Modulation Order
 Qm
	Target BLER = 10-1
	Target BLER = 10-4

	
	
	Target code Rate R x [1024]
	Spectral
efficiency
	Target code Rate R x [1024]
	Spectral
efficiency

	0
	2
	78
	0.1523 
	42
	0.0820 

	1
	2
	99
	0.1934 
	63
	0.1230 

	2
	2
	120
	0.2344 
	84
	0.1641 

	3
	2
	157
	0.3066 
	121
	0.2363 

	4
	2
	193
	0.3770 
	157
	0.3066 

	5
	2
	251
	0.4902 
	215
	0.4199 

	6
	2
	308
	0.6016 
	272
	0.5313 

	7
	2
	379
	0.7402 
	343
	0.6699 

	8
	2
	449
	0.8770 
	413
	0.8066 

	9
	2
	526
	1.0273 
	490
	0.9570 

	10
	4
	602
	1.1758 
	566
	1.1055 

	11
	4
	679
	1.3262 
	643
	1.2559 

	12
	4
	378
	1.4766 
	342
	1.3359 

	13
	4
	434
	1.6953 
	398
	1.5547 

	14
	4
	490
	1.9141 
	454
	1.7734 

	15
	4
	553
	2.1602 
	517
	2.0195 

	16
	4
	616
	2.4063 
	580
	2.2656 

	17
	6
	658
	2.5703 
	622
	2.4297 

	18
	6
	466
	2.7305 
	430
	2.5195 

	19
	6
	517
	3.0293 
	481
	2.8184 

	20
	6
	567
	3.3223 
	531
	3.1113 

	21
	6
	616
	3.6094 
	580
	3.3984 

	22
	6
	666
	3.9023 
	630
	3.6914 

	23
	6
	719
	4.2129 
	683
	4.0020 

	24
	6
	772
	4.5234 
	736
	4.3125 

	25
	6
	822
	4.8164 
	786
	4.6055 

	26
	6
	873
	5.1152 
	837
	4.9043 

	27
	6
	910
	5.3320 
	874
	5.1211 

	28
	6
	948
	5.5547 
	912
	5.3438 

	29
	2
	reserved
	reserved

	30
	4
	reserved
	reserved

	31
	6
	reserved
	reserved





Table 4 Proposed MCS Table for URLLC UL DFT-s-OFDM
	MCS Index
IMCS
	Modulation Order
 Qm
	Target BLER = 10-1
	Target BLER = 10-4

	
	
	Target code Rate R x [1024]
	Spectral
efficiency
	Target code Rate R x [1024]
	Spectral
efficiency

	0
	1
	156
	0.1523 
	84
	0.0820 

	1
	1
	198
	0.1934 
	126
	0.1230 

	2
	2
	120
	0.2344 
	84
	0.1641 

	3
	2
	157
	0.3066 
	121
	0.2363 

	4
	2
	193
	0.3770 
	157
	0.3066 

	5
	2
	251
	0.4902 
	215
	0.4199 

	6
	2
	308
	0.6016 
	272
	0.5313 

	7
	2
	379
	0.7402 
	343
	0.6699 

	8
	2
	449
	0.8770 
	413
	0.8066 

	9
	2
	526
	1.0273 
	490
	0.9570 

	10
	4
	602
	1.1758 
	566
	1.1055 

	11
	4
	679
	1.3262 
	643
	1.2559 

	12
	4
	378
	1.4766 
	342
	1.3359 

	13
	4
	434
	1.6953 
	398
	1.5547 

	14
	4
	490
	1.9141 
	454
	1.7734 

	15
	4
	553
	2.1602 
	517
	2.0195 

	16
	4
	616
	2.4063 
	580
	2.2656 

	17
	6
	658
	2.5703 
	622
	2.4297 

	18
	6
	466
	2.7305 
	430
	2.5195 

	19
	6
	517
	3.0293 
	481
	2.8184 

	20
	6
	567
	3.3223 
	531
	3.1113 

	21
	6
	616
	3.6094 
	580
	3.3984 

	22
	6
	666
	3.9023 
	630
	3.6914 

	23
	6
	719
	4.2129 
	683
	4.0020 

	24
	6
	772
	4.5234 
	736
	4.3125 

	25
	6
	822
	4.8164 
	786
	4.6055 

	26
	6
	873
	5.1152 
	837
	4.9043 

	27
	6
	910
	5.3320 
	874
	5.1211 

	28
	1
	reserved
	reserved

	29
	2
	reserved
	reserved

	30
	4
	reserved
	reserved

	31
	6
	reserved
	reserved



Proposal 3: Support the MCS table3 and table4 for URLLC

Conclusions
In this contribution, CQI designs for URLLC are discussed. Based on the discussions, and the following observations and proposals are provided:
Proposal 1: Support two target BLERs as (10-1, 10-4)
Proposal 2: Support the following CQI table for URLLC
· Support the following Table for 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



· Support the following Table for target BLER = 10-4 
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	42
	0.1055

	2
	QPSK
	84
	0.1875

	3
	QPSK
	157
	0.3301

	4
	QPSK
	272
	0.5547

	5
	QPSK
	413
	0.8301

	6
	QPSK
	566
	1.1289

	7
	16QAM
	342
	1.3828

	8
	16QAM
	454
	1.8203

	9
	16QAM
	580
	2.3125

	10
	64QAM
	430
	2.5898

	11
	64QAM
	531
	3.1816

	12
	64QAM
	630
	3.7617

	13
	64QAM
	736
	4.3828

	14
	64QAM
	837
	4.9746

	15
	64QAM
	912
	5.4141



Proposal 3: Support the following MCS table for URLLC
· Support the following Table for DL and UL-CP-OFDM
	MCS Index
IMCS
	Modulation Order
 Qm
	Target BLER = 10-1
	Target BLER = 10-4

	
	
	Target code Rate R x [1024]
	Spectral
efficiency
	Target code Rate R x [1024]
	Spectral
efficiency

	0
	2
	78
	0.1523 
	42
	0.0820 

	1
	2
	99
	0.1934 
	63
	0.1230 

	2
	2
	120
	0.2344 
	84
	0.1641 

	3
	2
	157
	0.3066 
	121
	0.2363 

	4
	2
	193
	0.3770 
	157
	0.3066 

	5
	2
	251
	0.4902 
	215
	0.4199 

	6
	2
	308
	0.6016 
	272
	0.5313 

	7
	2
	379
	0.7402 
	343
	0.6699 

	8
	2
	449
	0.8770 
	413
	0.8066 

	9
	2
	526
	1.0273 
	490
	0.9570 

	10
	4
	602
	1.1758 
	566
	1.1055 

	11
	4
	679
	1.3262 
	643
	1.2559 

	12
	4
	378
	1.4766 
	342
	1.3359 

	13
	4
	434
	1.6953 
	398
	1.5547 

	14
	4
	490
	1.9141 
	454
	1.7734 

	15
	4
	553
	2.1602 
	517
	2.0195 

	16
	4
	616
	2.4063 
	580
	2.2656 

	17
	6
	658
	2.5703 
	622
	2.4297 

	18
	6
	466
	2.7305 
	430
	2.5195 

	19
	6
	517
	3.0293 
	481
	2.8184 

	20
	6
	567
	3.3223 
	531
	3.1113 

	21
	6
	616
	3.6094 
	580
	3.3984 

	22
	6
	666
	3.9023 
	630
	3.6914 

	23
	6
	719
	4.2129 
	683
	4.0020 

	24
	6
	772
	4.5234 
	736
	4.3125 

	25
	6
	822
	4.8164 
	786
	4.6055 

	26
	6
	873
	5.1152 
	837
	4.9043 

	27
	6
	910
	5.3320 
	874
	5.1211 

	28
	6
	948
	5.5547 
	912
	5.3438 

	29
	2
	reserved
	reserved

	30
	4
	reserved
	reserved

	31
	6
	reserved
	reserved


· 
Support the following Table for DFT-s-OFDM
	MCS Index
IMCS
	Modulation Order
 Qm
	Target BLER = 10-1
	Target BLER = 10-4

	
	
	Target code Rate R x [1024]
	Spectral
efficiency
	Target code Rate R x [1024]
	Spectral
efficiency

	0
	1
	156
	0.1523 
	84
	0.0820 

	1
	1
	198
	0.1934 
	126
	0.1230 

	2
	2
	120
	0.2344 
	84
	0.1641 

	3
	2
	157
	0.3066 
	121
	0.2363 

	4
	2
	193
	0.3770 
	157
	0.3066 

	5
	2
	251
	0.4902 
	215
	0.4199 

	6
	2
	308
	0.6016 
	272
	0.5313 

	7
	2
	379
	0.7402 
	343
	0.6699 

	8
	2
	449
	0.8770 
	413
	0.8066 

	9
	2
	526
	1.0273 
	490
	0.9570 

	10
	4
	602
	1.1758 
	566
	1.1055 

	11
	4
	679
	1.3262 
	643
	1.2559 

	12
	4
	378
	1.4766 
	342
	1.3359 

	13
	4
	434
	1.6953 
	398
	1.5547 

	14
	4
	490
	1.9141 
	454
	1.7734 

	15
	4
	553
	2.1602 
	517
	2.0195 

	16
	4
	616
	2.4063 
	580
	2.2656 

	17
	6
	658
	2.5703 
	622
	2.4297 

	18
	6
	466
	2.7305 
	430
	2.5195 

	19
	6
	517
	3.0293 
	481
	2.8184 

	20
	6
	567
	3.3223 
	531
	3.1113 

	21
	6
	616
	3.6094 
	580
	3.3984 

	22
	6
	666
	3.9023 
	630
	3.6914 

	23
	6
	719
	4.2129 
	683
	4.0020 

	24
	6
	772
	4.5234 
	736
	4.3125 

	25
	6
	822
	4.8164 
	786
	4.6055 

	26
	6
	873
	5.1152 
	837
	4.9043 

	27
	6
	910
	5.3320 
	874
	5.1211 

	28
	1
	reserved
	reserved

	29
	2
	reserved
	reserved

	30
	4
	reserved
	reserved

	31
	6
	reserved
	reserved
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