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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
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
[image: ]
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. Code rate 0.034 (about 35/1024 -36/1024) and 0.95 (about 972/1024) are used to calculate the corresponding minimum and maximum SNRs at a given target BLER. 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-5 with LDPC BG2 only
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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-5 with LDPC BG2 and Polar
  [image: ]
Proposal 1: Two CQI tables with different target BLER are supported for URLLC.
Proposal 2: Adopt Table 2 and Table 3 as the CQI table with target BLER 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 table at target BLER=1e-5 with LDPC BG2 only based on table 2 CQI table
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Table 5 MCS table at target BLER=1e-5 with LDPC BG2 and Polar mixed based on table 3 CQI table
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[bookmark: OLE_LINK479][bookmark: OLE_LINK480]Proposal 5: Adopt Table 4 and Table 5 as the MCS table with target BLER 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 and Table 3 as the CQI table with target BLER 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 and Table 5 as the MCS table with target BLER 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
	0.95

	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)
[image: ]
Figure 4. BLER performance for LDPC BG2 (16QAM)
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[bookmark: _GoBack]Figure 5. BLER performance for LDPC BG2 (64QAM)
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0 0 2 24 0.0469

1 1 1 2 35 0.0684

2 2 57 0.1114

2 2 3 2 79 0.1543

4 2 117 0.2285

3 3 5 2 155 0.3027

6 2 211 0.4121

4 4 7 2 266 0.5195

8 2 347 0.6777

5 5 9 2 427 0.834

10 2 523 1.0215

6 6 11 2 619 1.209

12 2 710 1.3867

7 13 4 355 1.3867

7 14 4 400 1.5625

15 4 475 1.8555

8 8 16 4 549 2.1445

17 4 620 2.4219

9 9 18 4 690 2.6953

19 4 737 2.8789

10 10 20 4 783 3.0586

21 4 882 3.4453

22 6 588 3.4453

11 11 23 6 654 3.832

24 6 697 4.084

12 12 25 6 739 4.3301

26 6 795 4.6582

13 13 27 6 850 4.9805

28 6 896 5.25

14 14 29 6 942 5.5195

30 6 957 5.6074

15 15 31 6 972 5.7129
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Spectral 
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Scheme

0 0 2 24 0.0469 Polar

1 1 1 2 36 0.0703 Polar

2 2 51 0.0987 Polar

2 2 3 2 65 0.127 Polar

4 2 90 0.1758 Polar

3 3 5 2 114 0.2227 Polar

6 2 156 0.3047 Polar

4 4 7 2 198 0.3867 Polar

8 2 262 0.5117 Polar

5 5 9 2 325 0.6348 Polar

10 2 411 0.8027 Polar

6 6 11 2 497 0.9707 Polar

12 2 597 1.166 Polar

7 7 13 2 696 1.3594 Polar

14 2 833 1.627 LDPC BG2

15 4 417 1.6289 LDPC BG2

8 8 16 4 485 1.8945 LDPC BG2

17 4 563 2.1992 LDPC BG2

9 9 18 4 641 2.5039 LDPC BG2

19 4 700 2.7344 LDPC BG2

10 10 20 4 758 2.9609 LDPC BG2

21 4 848 3.3125 LDPC BG2

22 6 566 3.3164 LDPC BG2

11 11 23 6 625 3.6621 LDPC BG2

24 6 679 3.9785 LDPC BG2

12 12 25 6 732 4.2891 LDPC BG2

26 6 784 4.5938 LDPC BG2

13 13 27 6 835 4.8926 LDPC BG2

28 6 887 5.1973 LDPC BG2

14 14 29 6 938 5.4961 LDPC BG2

30 6 955 5.5957 LDPC BG2

15 15 31 6 972 5.6953 LDPC BG2
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