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Introduction
In RAN1#92 meeting [1], the following agreements on target BLERand CQI/MCS for URLLC have been made:
Agreement:
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
Conclusion:
· Regarding the number of CQI table to define for URLLC, finalize after the two BLER targets values for CQI reporting are agreed
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, we will further analyze the design of two BLER targetsand CQI/MCS design for URLLC.
Two BLER targets
URLLC requirements are such that a small packet of size 32 byte can be transmitted within 1ms latency with BLER of 10-5. HARQ retransmission could be used to improve the BLER performance to reach 10-5 with higher BLER for initial transmission but  it is not always feasible considering the 1ms latency constraint. For example, assuming FDD DL with 30kHz SCS and 4OS mini-slot, the RTT exceeds 0.5ms so that it is not possible to have one retransmission with 1ms as shown in the figure below.


Figure 1: HARQ retransmission timeline
Therefore,it is proposed to consider one-shot transmission in CQI table design, i.e. 10-5 should be selected as one of the BLER targets for URLLC.Then according to the options agreed in the last meeting, the other BLER target can be 10-1 or 10-3. CQI report based on BLER of 10-3 can provide the gNB more accurate information for scheduling if UE is configured with repetition factor of 2 which may be the typical configuration considering the stringent latency requirement. It can be also used for some URLLC services with relaxed BLER requirement compared with 10-5. Hence we propose that the two BLER targets for URLLC are 10-5 and 10-3.
Proposal 1: Two BLER targets for URLLC are 10-5 and 10-3.
CQI table
Some new CQI entries targeting lower code rate should be added since the BLER target is much lower for URLLC than that for eMBB.
From our simulation results [2], we can see that the SNR gap between code rate of 50/1024 and code rate of 78/1024 are similar to the other SNR gaps, about 2dB, between two adjacent CQI indexes. And the CQI entry with code rate of 50/1024 can achieve similar or lower SNR with BLER=10-5 compared with code rate of 78/1024 with BLER=10-1. 
Based on the observation above, it is proposed to define CQI table for URLLC based on NR eMBB 64QAM CQI table[3] by removing the last entry and add one entry with QPSK and code rate of 50/1024 as shown in Table 1.
One single CQI table is reasonable for two target BLERs. At the SNR point where code rate of 50/1024 can achieve BLER=10-5and code rate of 78/1024 can achieve BLER=10-1, one can design another code rate which can achieve BLER=10-3, but seems unnecessary. 
The reason for a single CQI table is that the difference between SNR region of BLER of 10-5 and 10-3 is very small, about 0.8~0.9dB based on our simulation results. That difference is less than one half of the typical SNR gap between two adjacent CQI indexes. It is maybe meaningless to support another code rate between 50/1024 and 78/1024 for BLER10-3 around the lowest SNR. 
Proposal 2: One single CQI table is used for two BLER target of URLLC.
Proposal 3: The URLLC CQI table is shown as Table 1.
Table 1: Proposed CQI Table for URLLC
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	50
	0.09766

	2
	QPSK
	78
	0.1523

	3
	QPSK
	120
	0.2344

	4
	QPSK
	193
	0.3770

	5
	QPSK
	308
	0.6016

	6
	QPSK
	449
	0.8770

	7
	QPSK
	602
	1.1758

	8
	16QAM
	378
	1.4766

	9
	16QAM
	490
	1.9141

	10
	16QAM
	616
	2.4063

	11
	64QAM
	466
	2.7305

	12
	64QAM
	567
	3.3223

	13
	64QAM
	666
	3.9023

	14
	64QAM
	772
	4.5234

	15
	64QAM
	873
	5.5547



MCS table
For URLLC, new MCS table is needed in accordance to the new CQI table which contains new MCS entry with lower code rate.The 64-QAM eMBB MCS table [3] can be the starting point for the design of the MCS table for URLLC.The MCS table for URLLC should contain new MCSs with lower code rate than eMBB MCS table. The proposed MCS table for PDSCH and PUSCH with CP-OFDM waveform is given in Table 2. For PUSCH with DFT-s-OFDM waveform, the proposed MCS table is given in Table 3.
Table 2: Proposed MCStable for URLLC PDSCH and PUSCH without transform precoding
	MCS Index
IMCS
	Modulation Order
Qm
	Target code Rate x [1024]
R
	Spectral
efficiency

	0
	2
	78
	0.1523

	1
	2
	99
	0.1934

	2
	2
	120
	0.2344

	3
	2
	157
	0.3066

	4
	2
	193
	0.3770

	5
	2
	251
	0.4902

	6
	2
	308
	0.6016

	7
	2
	379
	0.7402

	8
	2
	449
	0.8770

	9
	2
	526
	1.0273

	10
	2
	602
	1.1758

	11
	2
	679
	1.3262

	12
	4
	340
	1.3281

	13
	4
	378
	1.4766

	14
	4
	434
	1.6953

	15
	4
	490
	1.9141

	16
	4
	553
	2.1602

	17
	4
	616
	2.4063

	18
	4
	658
	2.5703

	19
	6
	438
	2.5664

	20
	6
	466
	2.7305

	21
	6
	517
	3.0293

	22
	6
	567
	3.3223

	23
	6
	616
	3.6094

	24
	6
	666
	3.9023

	25
	6
	719
	4.2129

	26
	6
	772
	4.5234

	27
	6
	822
	4.8164

	28
	6
	873
	5.1152

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved



Table 3: Proposed MCStable for URLLC PUSCH with transform precoding
	MCS Index
IMCS
	Modulation Order
Qm
	Target code Rate x 1024
R
	Spectral
efficiency

	0
	q
	78/q
	0.1523

	1
	q
	99/q
	0.1934

	2
	2
	120
	0.2344

	3
	2
	157
	0.3066

	4
	2
	193
	0.3770

	5
	2
	251
	0.4902

	6
	2
	308
	0.6016

	7
	2
	379
	0.7402

	8
	2
	449
	0.8770

	9
	2
	526
	1.0273

	10
	2
	602
	1.1758

	11
	2
	679
	1.3262

	12
	4
	340
	1.3281

	13
	4
	378
	1.4766

	14
	4
	434
	1.6953

	15
	4
	490
	1.9141

	16
	4
	553
	2.1602

	17
	4
	616
	2.4063

	18
	4
	658
	2.5703

	19
	6
	466
	2.7305

	20
	6 
	517
	3.0293

	21
	6
	567
	3.3223

	22
	6
	616
	3.6094

	23
	6
	666
	3.9023

	24
	6
	719
	4.2129

	25
	6
	772
	4.5234

	26
	6
	822
	4.8164

	27
	6
	873
	5.1152

	28
	1
	reserved

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved



Proposal 4: The URLLC MCS tables are shown in Table 2 and Table 3.
Conclusion
In this contribution, we discussedthe determination of two BLERtargets and the design of CQI/MCS tables for URLLC. We have the following proposals:
Proposal 1: Two BLER target for URLLC are 10-5 and 10-3.
Proposal 2: One single CQI table is used for two BLER target of URLLC.
Proposal 3: The URLLC CQI table is shown as Table 1.
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