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The objective of the NR WI is to specify functionalities for eMBB and URLLC. For URLLC, the target is to meet the performance requirements on latency and reliability set forth by [1]. In the RAN#78, the scope for URLLC work for Rel-15 is endorsed and the following is included [2]
Specify, CQI table and MCS table design targeting high reliability
· Based on the following identified need from RAN1 (RAN1 #90bis)
· 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 CQI and MCS table design for URLLC, which is the key to improve resource efficiency given strict requirement on latency and reliability. 
CQI table for URLLC
Methodology 
As agreed in RAN1#90bis, 1 or 2 new CQI table(s) will be supported for URLLC. For the CQI tables for eMBB, it has been agreed to reuse the LTE CQI tables. In general, this is not an optimal design since the channel coding scheme has been changed to LDPC. For URLLC, new CQI tables are preferred considering different channel coding scheme and more stringent BLER target than eMBB. 
Regarding the channel coding scheme, although LDPC is adopted for the eMBB data channel, there is no agreement for the URLLC data channel yet. In particular, Polar code outperforms LDPC for small TBS [3]. Therefore, both Polar code and LDPC need to be considered for URLLC data channel. In this case, the CQI table design should take this into account.
Regarding the BLER targets, as discussed in [4], one shot transmission needs to be supported when there is no time left for retransmission. In this case, a BLER target of 1e-5 should be supported. If retransmission is allowed, a more relaxed BLER target can be considered to improve the overall spectrum efficiency. These aspects should also be considered in the CQI table design. 
For the CQI table design, similar to the discussion in LTE, a polynomial approximation can be performed for spectrum efficiency vs. SNR based on link level evaluations. For each modulation order, a set of waterfall curves (BLER vs. SNR) can be obtained for a range of TBS sizes assuming a fixed number of PRB allocation. The polynomial fit is performed to obtain a fitted function, i.e., efficiency = f (SNR). For each waterfall curve, the SNR values for different coding rate at 1e-2 BLER, 1e-3 BLER, 1e-4 BLER, 1e-5 BLER are extracted. The CQI table can be generated by sampling over a given SINR range based on the fitted function.
CQI table
Following the methodology elaborated in section 2.1, we provide simulation results to design CQI tables for URLLC. The detailed simulation assumptions are provided in Appendix A. The granularity for payload size in simulation is 8 bits, which is fine enough to obtain a precise polynomial approximation since the one bye of MCS PDU is the minimum data unit. The payload size range is [40:8:1000] for QPSK, [824:8:2072] for 16QAM and [1608:8:3288] for 64QAM. Alt 1-2 and 2-2 in Table 1 are used in the simulation, which means a total of 576 available REs are used in the data transmission.
Figure 1 shows the evaluation results of spectral efficiency (SE) performance. The curve for LDPC BG2 is not as smooth as that for Polar, the performance degradation is mainly due to the error floors shown up as the code rate and/or modulation order increases. The BLER performance demonstrating the error floors are attached in Appendix B.
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1(a) target BLER=1e-3
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1(b) target BLER=1e-5
Figure 1. SE performance of Polar and LDPC BG2 at target BLER=1e-3 and 1e-5
Based on the above results, we fit the curves into 10-order polynomials. To keep the same SNR range for both target BLER=1e-3 and 1e-5 during CQI table designing, The lower bound of the SNR range is obtained according to the target BLER=1e-5 curve at code rate to 0.034 (about 35/1024 -36/1024)  and the upper bound is obtained from the target BLER=1e-3 curve at code rate 948/1024 (which is equal to the maximum code rate in CQI table for eMBB). Then, the SNR range is evenly divided into 14 parts, which give 15 boundary SNR points. The code rates and SEs at these boundary SNR points are calculated using the above mentioned polynomials. A modulation order with the highest SE is chosen at each boundary SNR point to form the final CQI table. This procedure is shown in Table 1, where LDPC BG2 only and target BLER=1e-5 are used.
Table 1 CQI table design procedure (LDPC BG2, Target BLER=1e-5)
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Following the same design procedure, the potential CQI tables are provided in Table 2 and Table 3.
Table 2 CQI table at target BLER=1e-3 (left) and 1e-5(right) with LDPC BG2 only
[image: ]                  [image: ]
If hybrid channel coding schemes are used, the exact coding scheme for each CQI index should be specified to obtain the high spectral efficiency. Due to the impacts from error floor with LDPC BG2, multiple coding scheme hopping points may appear at target BLER=1e-5. The code rates and SEs for Polar and LDPC BG2 around each modulation switching point is similar, hence, we can rearrange the CQI table so that Polar code is used in QPSK cases and LDPC BG2 is used in 16QAM and 64QAM cases. Then, the tables after rearrangement are shown in Table 3.
Table 3 CQI table at target BLER= 1e-3 (left) and 1e-5 (right) with LDPC BG2 and Polar
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Proposal 1: Two CQI tables with different target BLER are supported for URLLC.
Proposal 2: Adopt Table 2 or Table 3 as the CQI tables with target BLER 1e-3 and 1e-5 for URLLC.
MCS table for URLLC
Based on [2], two target BLER are supported for CQI table(s) of URLLC. Since the CQI table with 1e-5 target BLER include some entries at lower coding rate, the eMBB MCS table is not suitable for URLLC. Hence, new MCS table(s) are needed in accordance to new CQI table(s). For the detailed MCS table design, some entries in the MCS table are selected from the CQI table. This will simplify the gNB implementation to choose the appropriate modulation and coding rate based on the CQI report. Hence, we propose to introduce two MCS tables targeting two BLERs corresponding to the two new CQI tables.
The URLLC has more urge latency requirement than eMBB, it is not preferred to reconfigure MCS table with different target BLER by high layer signaling. A fast AMC is beneficial based on low latency CQI scheme [3]. Hence, the indication of MCS table with different BLERs via DCI should be supported for URLLC.
Furthermore, it was agreed that CSI report with different target BLER will be supported. Then, the gNB can dynamically choose the appropriate MCS based on the multiple BLER CSI reports. Even if the URLLC UE only support one CSI report associated with one of two target BLERs, the gNB can still dynamically trigger a CSI report with one of the two target BLER by A-CSI request in DCI. For example, if gNB decides to transmit PDSCH with 1e-5 target BLER, it could trigger the CSI report of 1e-5 BLER; in another case, if gNB decides to the transmit PDSCH with 1e-3 target BLER, it could trigger the CSI report of 1e-3 BLER. Furthermore, the gNB can dynamically choose the appropriate BLER to MCS indication based on the current channel condition, system resource and scheduling strategy.
Proposal 3: Two MCS tables with different target BLER should be supported for URLLC.
Proposal 4: Selection of MCS table for URLLC should be dynamically indicated.
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Figure 2. Traces and CDF of SINR for a cell-edge UE (5th percentile DL Geometry, -5dB).
With a high reliability and low latency requirement, most likely URLLC favors a lower modulation order and coding rate than eMBB. As one example, we examine the performance of one cell-edge UE (5th percentile DL Geometry, -5dB). The instantaneous SINR traces and the SINR CDF of this UE is shown in Figure 2. In order to meet 1e-5 BLER requirement within 1ms, the MCS corresponding to 0.001% in instantaneous SNR CDF (as low as -15dB for 1Tx-1Rx), should be supported for URLLC due to the hard delay restriction even in extreme channel conditions. For eMBB, it is less needed to consider very extreme channel conditions since the gNB could select good channel condition with relaxed delay constraint. 
Considering the variety of channel condition, the conservative MCS selection with lower coding rate than the coding rate of CQI reports would be supported for URLLC. For example, if the UE reports CQI index 1, which is the lowest coding rate of CQI table, the gNB should support to schedule the lower coding rate than CQI index 1 for 1e-5 target BLER. On the other hand, from spectrum efficiency aspect, higher MCS level is also useful for URLLC UE with good channel condition. Larger TBS with high reliability and low latency requirement may exist in future. Hence, higher MCS level should also be supported to improve the spectrum efficiency. As one simple solution, an extended MCS table covering both lower and higher MCS could be adopted. 
According to above discussion, the MCS table include the entries in the CQI table, new entries with lower coding rate and entries with 64QAM. We provide a 4-bit MCS table and 5-bit MCS table as follows based on the CQI table in section 2.2. 















Table 4 MCS tables at target BLER= 1e-3 (left) and 1e-5(right) with LDPC BG2 only based on Table 2 
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Table 5 MCS tables at target BLER=1e-3 (left) and 1e-5(right) with LDPC BG2 and Polar mixed based on Table 3
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[bookmark: OLE_LINK479][bookmark: OLE_LINK480]Proposal 5: Adopt Table 4 or Table 5 as the MCS tables with target BLER 1e-3 and 1e-5 for URLLC.
[bookmark: _Ref129681832]Conclusions
In this contribution, we discussed the CQI table and MCS table for URLLC scenario. Simulation is conducted to find the relation between SNR and SE/code rate, based on which candidate tables are designed considering different coding scheme settings. The aspects of link adaptation for URLLC transmission are also discussed. The following proposals are reached:
Proposal 1: Two CQI tables with different target BLER are supported for URLLC.
Proposal 2: Adopt Table 2 or Table 3 as the CQI tables with target BLER 1e-3 and 1e-5 for URLLC.
Proposal 3: Two MCS tables with different target BLER should be supported for URLLC.
Proposal 4: Selection of MCS table for URLLC should be dynamically indicated.
Proposal 5: Adopt Table 4 or Table 5 as the MCS tables with target BLER 1e-3 and 1e-5 for URLLC.
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Appendix A
Table 6 Simulation assumptions for URLLC CQI table 
	Parameters
	Value

	Overhead of reference signals
	0

	The symbol number of PDSCH and control signaling
	PDSCH and DM-RS symbols is 12 symbols, the first 2 OFDM symbol is occupied by control signaling

	RB number
	PRB number is 4

	Coding Scheme
	Mixed Polar and LDPC BG2, or LDPC BG2 only, where:
· Polar: GA Puncture, With longer mother code length(>1024 for 16 QAM), CA-List8
· LDPC: eMBB BG2, LOMS with iteration=20

	Target BLER
	1e-2, 1e-3,1e-4, 1e-5

	Antenna configuration 
	1T1R

	Channel model
	AWGN

	HARQ
	Single transmission only

	RV
	0

	CRC
	24bits

	Minimum coding rate
	0.034

	Maximum coding rate
	0.9258

	Efficiency
	Bit per RE



Appendix B
In this appendix, the BLER performance of LDPC BG2 under the simulation settings shown in Table 6 is given in Figure. 3~5, where error floors are quite obvious.
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Figure 3. BLER performance for LDPC BG2 (QPSK)
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Figure 4. BLER performance for LDPC BG2 (16QAM)
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Figure 5. BLER performance for LDPC BG2 (64QAM)
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0 - - - - - - -

1 -6.9664 0.0684 35 0 0 0 0

2 -5.022 0.1445 74 0 0 0 0

3 -3.0777 0.2754 141 0 0 0 0

4 -1.1333 0.457 234 0 0 0 0

5 0.81103 0.7188 368 0 0 0 0

6 2.7554 1.0508 538 0 0 0 0

7 4.6997 1.3789 706 0 0 0 0

8 6.6441 1.6094 824 1.8047 462 0 0

9 8.5885 0 0 2.3359 598 0 0

10 10.5328 0 0 2.8086 719 0 0

11 12.4772 0 0 3.125 800 0 0

12 14.4215 0 0 3.5742 915 3.9141 668

13 16.3659 0 0 0 0 4.3301 739

14 18.3102 0 0 0 0 4.9219 840

15 20.2546 0 0 0 0 5.4492 930
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1 0.1074 55 2

2 0.1934 99 2

3 0.334 171 2

4 0.5371 275 2

5 0.8164 418 2

6 1.1465 587 2

7 1.4766 756 2

8 1.9141 490 4

9 2.4414 625 4

10 2.9609 758 4

11 3.3828 866 4

12 4.0488 691 6

13 4.6465 793 6

14 5.1504 879 6

15 5.5547 948 6
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8 1.8047 462 4
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13 4.3301 739 6

14 4.9219 840 6

15 5.4492 930 6
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Index SE CR Mod Code

0 - - - -

1 0.0879 45 2 Polar

2 0.1523 78 2 Polar

3 0.248 127 2 Polar

4 0.4023 206 2 Polar

5 0.623 319 2 Polar

6 0.918 470 2 Polar

7 1.2676 649 2 Polar

8 1.6758 429 4 LDPC BG2

9 2.2305 571 4 LDPC BG2

10 2.7969 716 4 LDPC BG2

11 3.2773 839 4 LDPC BG2

12 3.9141 668 6 LDPC BG2

13 4.5703 780 6 LDPC BG2

14 5.1152 873 6 LDPC BG2

15 5.5547 948 6 LDPC BG2
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Index SE CR Mod Code

0 - - - -

1 0.0703 36 2 Polar

2 0.1211 62 2 Polar

3 0.2051 105 2 Polar

4 0.3418 175 2 Polar

5 0.5469 280 2 Polar

6 0.8301 425 2 Polar

7 1.1758 602 2 Polar

8 1.5586 399 4 LDPC BG2

9 2.125 544 4 LDPC BG2

10 2.668 683 4 LDPC BG2

11 3.0313 776 4 LDPC BG2

12 3.75 640 6 LDPC BG2

13 4.3008 734 6 LDPC BG2

14 4.875 832 6 LDPC BG2

15 5.4492 930 6 LDPC BG2
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table 
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Spectral

Efficiency

0 0 2 35 0.0684

1 1 1 2 55 0.1074

2 2 77 0.1503

2 2 3 2 99 0.1934

4 2 135 0.2637

3 3 5 2 171 0.334

6 2 223 0.4355

4 4 7 2 275 0.5371

8 2 347 0.6777

5 5 9 2 418 0.8164

10 2 503 0.9824

6 6 11 2 587 1.1465

12 2 672 1.3125

7 7 13 2 756 1.4766

14 2 868 1.6953

15 4 434 1.6953

8 8 16 4 490 1.9141

17 4 558 2.1797

9 9 18 4 625 2.4414

19 4 692 2.7031

10 10 20 4 758 2.9609

21 4 812 3.1719

11 11 22 4 866 3.3828

23 4 952 3.7188

24 6 635 3.7207

12 12 25 6 691 4.0488

26 6 742 4.3477

13 13 27 6 793 4.6465

28 6 836 4.8984

14 14 29 6 879 5.1504

30 6 914 5.3555

15 15 31 6 948 5.5547

LDPC BG2 1e-3
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Index in 

4 bits MCS 

table 

Index in 
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table 

Modulation Code rate

Spectral

Efficiency

0 0 2 24 0.0469

1 1 1 2 35 0.0684

2 2 55 0.1074

2 2 3 2 74 0.1445

4 2 108 0.2109

3 3 5 2 141 0.2754

6 2 188 0.3672

4 4 7 2 234 0.457

8 2 301 0.5879

5 5 9 2 368 0.7188

10 2 453 0.8848

6 6 11 2 538 1.0508

12 2 622 1.2148

7 7 13 2 706 1.3789

14 2 815 1.5918

15 4 408 1.5938

8 8 16 4 462 1.8047

17 4 530 2.0703

9 9 18 4 598 2.3359

19 4 659 2.5742

10 10 20 4 719 2.8086

21 4 760 2.9688

11 11 22 4 800 3.125

23 4 901 3.5195

24 6 601 3.5215

12 12 25 6 668 3.9141

26 6 704 4.125

13 13 27 6 739 4.3301

28 6 790 4.6289

14 14 29 6 840 4.9219

30 6 885 5.1855

15 15 31 6 930 5.4492

LDPC BG2 1e-5
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Spectral
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Coding

0 0 2 36 0.0703 Polar

1 1 1 2 45 0.0879 Polar

2 2 62 0.1211 Polar

2 2 3 2 78 0.1523 Polar

4 2 103 0.2012 Polar

3 3 5 2 127 0.248 Polar

6 2 167 0.3262 Polar

4 4 7 2 206 0.4023 Polar

8 2 263 0.5137 Polar

5 5 9 2 319 0.623 Polar

10 2 395 0.7715 Polar

6 6 11 2 470 0.918 Polar

12 2 560 1.0938 Polar

7 7 13 2 649 1.2676 Polar

14 2 754 1.4727 Polar

15 4 377 1.4727 LDPC BG2

8 8 16 4 429 1.6758 LDPC BG2

17 4 500 1.9531 LDPC BG2

9 9 18 4 571 2.2305 LDPC BG2

19 4 644 2.5156 LDPC BG2

10 10 20 4 716 2.7969 LDPC BG2

21 4 778 3.0391 LDPC BG2

11 11 22 4 839 3.2773 LDPC BG2

23 4 921 3.5977 LDPC BG2

24 6 614 3.5977 LDPC BG2

12 12 25 6 668 3.9141 LDPC BG2

26 6 724 4.2422 LDPC BG2

13 13 27 6 780 4.5703 LDPC BG2

28 6 827 4.8457 LDPC BG2

14 14 29 6 873 5.1152 LDPC BG2

30 6 911 5.3379 LDPC BG2

15 15 31 6 948 5.5547 LDPC BG2

Polar and LDPC BG2 at 1e-3
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ModulationCode rate

Spectral
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Coding

0 0 2 24 0.0469 Polar

1 1 1 2 36 0.0703 Polar

2 2 49 0.0957 Polar

2 2 3 2 62 0.1211 Polar

4 2 84 0.1641 Polar

3 3 5 2 105 0.2051 Polar

6 2 140 0.2734 Polar

4 4 7 2 175 0.3418 Polar

8 2 228 0.4453 Polar

5 5 9 2 280 0.5469 Polar

10 2 353 0.6895 Polar

6 6 11 2 425 0.8301 Polar

12 2 514 1.0039 Polar

7 7 13 2 602 1.1758 Polar

14 2 700 1.3672 Polar

15 4 350 1.3672 LDPC BG2

8 8 16 4 399 1.5586 LDPC BG2

17 4 472 1.8438 LDPC BG2

9 9 18 4 544 2.125 LDPC BG2

19 4 614 2.3984 LDPC BG2

10 10 20 4 683 2.668 LDPC BG2

21 4 730 2.8516 LDPC BG2

11 11 22 4 776 3.0313 LDPC BG2

23 4 868 3.3906 LDPC BG2

24 6 579 3.3926 LDPC BG2

12 12 25 6 640 3.75 LDPC BG2

26 6 687 4.0254 LDPC BG2

13 13 27 6 734 4.3008 LDPC BG2

28 6 783 4.5879 LDPC BG2

14 14 29 6 832 4.875 LDPC BG2

30 6 881 5.1621 LDPC BG2

15 15 31 6 930 5.4492 LDPC BG2

LDPC BG2 and Polar mixed  at 1e-5
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