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Introduction
According to [1], RAN1 should identify techniques for supporting the ultra-reliable part of URLLC requirements set forth in [2] starting in RAN1 NR Ad-hoc#2 meeting in June 2017. 
URLLC requirements are such that a small packet of size 32 byte can be transmitted within 1ms latency with success probability of 1-10-5. In LTE, CQI report is derived based on 10% BLER. Several retransmissions can be performed to achieve high reliability if required. However, since much stricter requirements on both reliability and latency are set, CQI report for URLLC should be based on lower target BLER. In RAN1 #90bis, the following agreements on CQI report for URLLC have been made.
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 the design of CQI and MCS tables for URLLC. 
[bookmark: _Ref178064866]Discussion
[bookmark: _Toc498351134]Below we discuss different aspects of CQI and MCS tables suitable for URLLC. TBS determination is also discussed briefly.
CQI table
Separate CQI tables for URLLC should correspond to lower target BLER supported for URLLC. Considering the strict requirements on both reliability and latency, the target BLER values of 10-3 and 10-5 can be considered. The target BLER= 10-3 CQI table can be used for configurations where HARQ retransmission is possible, while the target BLER= 10-5 CQI table can be used for configurations where HARQ retransmission is not possible (or very limited) due to the latency constraint.
Due to much lower target BLER for URLLC, it is reasonable to focus on the entries with low modulation orders and code rates. We propose a new CQI table based on a modification of the CQI table adopted for NR eMBB for UE supporting up to 64 QAM (see Table 1). The modification is done such that some high efficiency entries are removed to allow for some new entries with lower code rate than CQI Index 1. The proposed CQI table is given in Table 2 where the two new entries are chosen for target BLER= 10-5 to maintain roughly equal SNR spacing of 2 dB between CQI index 3, 4 and the new CQI entries, namely CQI index 1 and 2 (see e.g. Figure 1). 
Table 2 can be seen as two separate CQI tables corresponding to two configured target BLERs, e.g., 10-3 and 10-5. Note that according to the agreement [3], RRC signalling is used by gNB to select one of the two target BLER and the configuration of target BLER is part of CSI report setting. To maintain the same number of CQI entries, the target BLER= 10-3 CQI has a highest spectral efficiency entry added, while removing the lowest spectral efficiency entry, when compared to the target BLER= 10-5 CQI.
[bookmark: _GoBack]Simulation study has been done to verify the CQI tables for both target BLERs 10-3 and 10-5. The results are summarized in the Appendix.

Table 1 - 4-bit CQI Table (Table 7.2.3-1: in [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



Table 2 – Proposed 4-bit CQI Table for URLLC
	CQI index for BLER 10^-3
	CQI index for BLER 10^-5
	modulation
	code rate x 1024
	efficiency

	0
	0
	out of range

	N/A
	1
	QPSK
	32
	0.0625

	1
	2
	QPSK
	50
	0.0977

	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
	8
	QPSK
	602
	1.1758

	8
	9
	16QAM
	378
	1.4766

	9
	10
	16QAM
	490
	1.9141

	10
	11
	16QAM
	616
	2.4063

	11
	12
	64QAM 
	466 
	2.7305 

	12
	13
	64QAM
	567
	3.3223

	13
	14
	64QAM
	666
	3.9023

	14
	15
	64QAM
	772
	4.5234

	15
	N/A
	64QAM
	873
	5.1152
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Figure 1. Modulation capacity vs SNR (equal SNR spacings of consecutive CQIs)

[bookmark: _Toc502930152][bookmark: _Toc503166886]Two target BLER supported for URLLC are 10-3 and 10-5.
Use Table 2 as the CQI table for URLLC, with one set of CQI index for BLER=10-3 and another set for BLER=10-5.

MCS table
Based on the agreement [3] that 1 or 2 separate CQI table(s) for URLLC should be specified, it is natural to define corresponding MCS table(s). Since the MCS table in NR contains explicit information about code rate and modulation order similarly to those in the CQI table, it is reasonable to construct the MCS table using the entries in the CQI tables. For URLLC, the main goal is to have the MCS table which contains MCSs with sufficiently low code rate. 
As mentioned in [3] and proposed above, there can be two separate CQI tables corresponding to two configured target BLERs, e.g., 10-3 and 10-5 for URLLC. Similarly, there can be two MCS tables corresponding to the two target BLER. That is, UE can be configured with different target BLER during the CSI report setting, e.g., 10-1, 10-3, or 10-5, with corresponding MCS and CQI tables.
If two MCS tables are supported for URLLC, the MCS table to be used can be RRC configured similar to how the selection of either 64QAM or 256QAM MCS table is performed. 
[bookmark: _Toc498707011][bookmark: _Toc498726863][bookmark: _Toc498726869][bookmark: _Toc498707012][bookmark: _Toc498726864][bookmark: _Toc498726870][bookmark: _Toc502915089][bookmark: _Toc502928038][bookmark: _Toc502928880][bookmark: _Toc502929949][bookmark: _Toc502930153][bookmark: _Toc503166887][bookmark: _Toc498726865][bookmark: _Toc498726871]Selection of MCS table for URLLC should be UE-specific RRC configured.

Due to high reliability requirement of URLLC, MCSs with low modulation and code rates are most relevant and it is reasonable to construct the MCS table based on the regular table for UE supporting only up to 64QAM. We can construct MCS tables, e.g. considering only a subset of the entries up to 64 QAM and 2/3 code rate. Moreover, it is important that code rate of the lowest MCS is sufficiently low to achieve reliability target with a single-shot transmission. Therefore, the MCS table for URLLC should contain new MCSs with lower code rate than the lowest one in the regular MCS table. The proposed MCS table for PDSCH is given in Table 3 where MCS indices are chosen according to the configured target BLER for URLLC.
For UL CP-OFDM, we propose to use the same MCS tables as for PDSCH, since both are based on CP-OFDM.
For UL DFT-s-OFDM waveform, pi/2 BPSK entries shall be considered in the MCS table, keeping the same structure in NR. To maximize reuse of entries we prefer to keep the number of pi/2-BPSK entries low, preferably one or two entries. Considering that pi/-2 BPSK is introduced to improve peak-to-average ratio, not to decrease spectral efficiency, we change the two lowest entries of Table 3 into two pi/2-BPSK entries by doubling the target code rate.
Similar to the CQI table, the MCS for target BLER= 10-3 has two highest spectral efficiency entries added, while removing two lowest spectral efficiency entries, when compared to the MCS for target BLER= 10-5.
The MCS tables below are adapted from the eMBB MCS tables in the Working Assumptions. If the eMBB MCS tables are modified in any way, then the same modification should be reflected in the URLLC MCS tables to maximize reuse between eMBB and URLLC.

[bookmark: _Toc502928039][bookmark: _Toc502928881][bookmark: _Toc502929950][bookmark: _Toc502930154][bookmark: _Toc503166888]Use Table 3 as the MCS table for PDSCH and PUSCH with CP-OFDM for URLLC. 
[bookmark: _Toc502928040][bookmark: _Toc502928882][bookmark: _Toc502929951][bookmark: _Toc502930155][bookmark: _Toc503166889]Use Table 4 as the MCS table for PUSCH with DFT-s-OFDM for URLLC. 

[bookmark: _Ref498720735]Table 3 - Modulation and code rate table for PDSCH and PUSCH with CP-OFDM for URLLC
	[bookmark: _Hlk498334581]MCS Index
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for BLER 10^-3
	MCS Index
[image: ]
for BLER 10^-5
	Modulation Order
[image: ]
	Code rate 
× 1024
	Spectral
efficiency

	N/A
	0
	2
	32
	0.0625

	N/A
	1
	2
	41
	0.0801

	0
	2
	2
	50
	0.0977

	1
	3
	2
	64
	0.1250

	2
	4
	2
	78
	0.1523

	3
	5
	2
	99
	0.1934

	4
	6
	2
	120
	  0.2344

	5
	7
	2
	157
	  0.3066

	6
	8
	2
	193
	  0.3770

	[bookmark: _Hlk498334616]7
	9
	2
	251
	  0.4902

	8
	10
	2
	308
	  0.6016

	9
	11
	2
	379
	  0.7402

	10
	12
	2
	449
	  0.8770

	11
	13
	2
	526
	  1.0273

	12
	14
	2
	602
	  1.1758

	13
	15
	2
	679
	  1.3262

	14
	16
	4
	340
	  1.3281

	15
	17
	4
	378
	  1.4766

	16
	18
	4
	434
	  1.6953

	17
	19
	4
	490
	  1.9141

	18
	20
	4
	553
	  2.1602

	19
	21
	4
	616
	  2.4063

	20
	22
	4
	658
	  2.5703

	21
	23
	6
	438
	  2.5664

	22
	24
	6
	466
	  2.7305

	23
	25
	6
	517
	  3.0293

	24
	26
	6
	567
	  3.3223

	25
	27
	6
	616
	  3.6094

	26
	28
	6
	666
	  3.9023

	27
	N/A
	6
	719
	  4.2129

	28
	N/A
	6
	772
	  4.5234

	29
	29
	2
	reserved

	30
	30
	4
	

	31
	31
	6
	




[bookmark: _Ref498731733]Table 4 - Modulation and code rate table for PUSCH with DFT-s-OFDM for URLLC
	MCS Index
[image: ]
for BLER 10^-3
	MCS Index
[image: ]
for BLER 10^-5
	Modulation Order
[image: ]
	Code rate 
× 1024
	Spectral
efficiency

	N/A
	0
	1
	64
	0.0625

	N/A
	1
	1
	82
	0.0801

	0
	2
	1, 2
	100, 50
	0.0977

	1
	3
	1, 2
	128, 64
	0.1250

	2
	4
	2
	78
	0.1523

	3
	5
	2
	99
	0.1934

	4
	6
	2
	120
	  0.2344

	5
	7
	2
	157
	  0.3066

	6
	8
	2
	193
	  0.3770

	7
	9
	2
	251
	  0.4902

	8
	10
	2
	308
	  0.6016

	9
	11
	2
	379
	  0.7402

	10
	12
	2
	449
	  0.8770

	11
	13
	2
	526
	  1.0273

	12
	14
	2
	602
	  1.1758

	13
	15
	2
	679
	  1.3262

	14
	16
	4
	340
	  1.3281

	15
	17
	4
	378
	  1.4766

	16
	18
	4
	434
	  1.6953

	17
	19
	4
	490
	  1.9141

	18
	20
	4
	553
	  2.1602

	19
	21
	4
	616
	  2.4063

	20
	22
	4
	658
	  2.5703

	21
	23
	6
	466
	  2.7305

	22
	24
	6
	517
	  3.0293

	23
	25
	6
	567
	  3.3223

	24
	26
	6
	616
	  3.6094

	25
	27
	6
	666
	  3.9023

	26
	N/A
	6
	719
	  4.2129

	27
	N/A
	6
	772
	  4.5234

	28
	28
	1
	reserved

	29
	29
	2
	

	30
	30
	4
	

	31
	31
	6
	



Note that the MCS indices marked with red above are the pi/2 BPSK entries which correspond to the modulation and code rate values marked in red in the table.
Since compact DCI with small payload size is expected to be used for URLLC, it is also reasonable to limit the size of MCS table for URLLC to reduce the amount of signaling bits in DCI. For example, we can limit the size of MCS table to be 4-bit large using the MCS entries from the CQI table. Note that there is a tradeoff between scheduling flexibility and the size of MCS table. The reduced set of modulation order and reduced MCS set is in some sense similar to those of LTE MTC and NB-IoT. However, there can be more of new MCSs with lower code rates than the lowest supported in the regular table included in the URLLC MCS table due to the strict reliability requirement.
[bookmark: _Toc498707013][bookmark: _Toc497831486][bookmark: _Toc497831576][bookmark: _Toc497831704][bookmark: _Toc497841432][bookmark: _Toc498351137][bookmark: _Toc498351154][bookmark: _Toc498436935][bookmark: _Toc498437144][bookmark: _Toc498508027][bookmark: _Toc498524725][bookmark: _Toc498619224][bookmark: _Toc498677120][bookmark: _Toc498726866][bookmark: _Toc498726872][bookmark: _Toc502915090][bookmark: _Toc502928041][bookmark: _Toc502928883][bookmark: _Toc502929952][bookmark: _Toc502930156][bookmark: _Toc503166890]Further consider limiting the size of MCS table(s) for URLLCs to be smaller than 5 bits, taking into account scheduling flexibility.
TBS determination for URLLC
With separate MCS table(s) for URLLC containing new MCS entries supporting very low code rates, TBS determination for URLLC can simply follow the same procedure as in TBS determination for eMBB data. Information about the new MCS selected by gNB can be signalled in the DCI as usual. 
[bookmark: _Toc498619226][bookmark: _Toc498677122][bookmark: _Toc498707015][bookmark: _Toc498726868][bookmark: _Toc498726874][bookmark: _Toc502915092][bookmark: _Toc502928042][bookmark: _Toc502928884][bookmark: _Toc502929953][bookmark: _Toc502930157][bookmark: _Toc503166891]TBS determination for URLLC follows the same procedure as eMBB. 

Conclusion

Based on the discussion in section 2 we propose the following:

Proposal 1	Two target BLER supported for URLLC are 10-3 and 10-5.
Proposal 2	Use Table 2 as the CQI table for URLLC, with one set of CQI index for BLER=10-3 and another set for BLER=10-5.
Proposal 3	Selection of MCS table for URLLC should be UE-specific RRC configured.
Proposal 4	Use Table 3 as the MCS table for PDSCH and PUSCH with CP-OFDM for URLLC.
Proposal 5	Use Table 4 as the MCS table for PUSCH with DFT-s-OFDM for URLLC.
Proposal 5	Further consider limiting the size of MCS table(s) for URLLCs to be smaller than 5 bits, taking into account scheduling flexibility.
Proposal 7	TBS determination for URLLC follows the same procedure as eMBB.
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[bookmark: _Ref498598130]Appendix
Link level simulation has been performed using the proposed CQI tables. The achievable spectral efficiency (bits/symbol) for different MCSs in the CQI table with 10-3 and 10-5 target BLER are shown as a function of SNR for AWGN channel. We assumed 1080 REs allocation. The LDPC decoder is set to layered normalized min-sum algorithm with scaling factor of 0.7, using 25 iterations. The MCS samples in the CQI table provide good spacing in all SNR region for both 10-3 and 10-5 target BLER as shown in Fig. 2 and 3.
 [image: ]
Figure 2. Spectral efficiency for the proposed CQI table at target BLER=10-3

[image: ]
Figure 3. Spectral efficiency for the proposed CQI table at target BLER=10-5
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