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1 Introduction

It was agreed in RAN1#92b meeting that [1]
Agreements:

The two BLER targets that are configurable for URLLC for CSI reporting are:
· Option B. (10-1, 10-5)

Agreements:

In total, there are two CQI tables for URLLC CQI reporting

· The first table for URLLC CQI reporting is the same as the existing 64QAM CQI table without any change, which is for BLER target 10-1 for URLLC

· The new table will have entries corresponding to BLER target 10-5

· For CSI reporting, the CQI field is 4-bit.

Agreements:

For BLER 10-5, 

· Companies are encouraged to perform simulations for the new CQI table for URLLC, including

· The lowest SE entry 

· E.g., 30~50/1024*2

· Note that the highest SE entry of no more than 772/1024*6 is already agreed

· Consider using approximately equally spaced SNR values

· Other options are not precluded

· Whether or not some existing CQI entries for BLER 10-1 can be reused

· Consider exsiting CQI entires when applicable

· In total 15 CQI entries (+1 OOR entry)

· In performing the simulations, consider

· Fading channel (TDL-A, 30ns) & (TDL-C, 300ns)

· Other options are not precluded

· Payload of 32 bytes

· Other payload sizes can also be considered, up to each company

· SNR at 5% geometry for the lowest SE entry

· Other options are not precluded

· For other simulation assumptions, refer to agreements from RAN1#92

· Similar considerations are also applicable to the MCS table evaluations 

In this contribution, we discuss the design of URLLC CQI and MCS tables targeting at BLER=10-5 based on these agreements. And the proposed CQI and MCS tables are given. 

2 CQI Table of BLER=10-5 for URLLC

2.1 CQI Table of BLER=10-1 for URLLC
Table 1: 4-bit CQI Table of BLER=10-1 for URLLC
	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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Figure 1 Require SNR when BLER =10-5 of CQI index =1~13 in Table 1

It is agreed in 92 bis meeting [1] that CQI table of the BLER target of 10-1 for URLLC CQI reporting is the same as the existing eMBB 64QAM CQI table as in LTE without any change, which is shown in Table 1. Herein, it is suggested that these classical entries also should be reused as much as possibly when the CQI table of the BLER target of 10-5 is designed. Furthermore, the required SNR of CQI index =1~13 at BLER =10-5 in Table 1 is investigated. The CQI index of 13 with SE equals 772/1024×6 is the upper bound of SE for CQI table of BLER=10-5 according to the agreement in [1]. A simulation assumption is given in Table A1 in Appendix, and the required SNRs at target BLERs of 10-1 and 10-5  are depicted respectively in Figure 1. According to the simulation results, for both target BLER=10-1 and BLER=10-5, it can be observed that the SNR spacing of adjacent CQI entries is around 2 dB which fulfills the basic principle of CQI table. Moreover, the SNR gap between SNR curve of BLER=10-1 and SNR curve of BLER=10-5 is around 2dB. It means that at least a CQI entry of lower spectral efficiency should be added for target BLER of 10-5 based on the CQI table of the target BLER of 10-1 because the scenario of eMBB at target BLER = 0.1 and the scenario of URLLC at target BLER=10-5 should have the same least receiving SNRs if the same coverage is assumed for the two scenarios.  

Observation 1: For CQI index ranges from 1 to 13 in the CQI table of BLER=10-1, the required SNR spacing of adjacent entries is around 2 dB when BLER =10-5 . 

Hence for URLLC, the entries of CQI index from 1 to 13 in CQI table of BLER 10-1 can be taken as a baseline of the design of CQI table of BLER 10-5.
Proposal 1:  For URLLC scenario, the entries of CQI index from 1 to 13 in the CQI table of BLER=10-1 can be reused as the entries of the CQI table of BLER=10-5.
2.2  Lowest and highest code rate
In the previous meeting it is agreed that the highest spectral efficiency of CQI table of BLER=10-5 for UCLLC should be no larger than 772/1024×6. For the generation of the CQI table of BLER=10-5, two entries with the highest spectral efficiency should be removed based on the CQI table of BLER=10-1, meanwhile two entries with spectral efficiency lower than 78/1024×2 should be added to ensure the reliability of URLLC scenario.
Observation 2: For the generation of the CQI table of BLER=10-5, two entries with the highest spectral efficiency should be removed based on the CQI table of BLER=10-1.
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Figure 2: CDF SINR curve for URLLC UMa scenario
The DL SINR CDF curve in typical UMa scenario (4GHz) assumed for URLLC is shown in Figure 2. According to the results shown in Figure 2, the cell-edge (5 percentile) SINR is found to be around -4 dB in downlink. 

Furthermore, the BLER performance of SE of 30/1024×2, 40/1024×2, 50/1024×2 and 78/1024×2 are simulated in Figure 3 to Figure 5 based on channel types of TDL-A (30 ns), TDL-C (300 ns) and AWGN. Detailed simulation assumptions are given by Table A1 and Table A2 in Appendix. From the simulations, it is observed that the performance of TDL-A (30 ns) channel is the worst and the required SNR corresponding to the minimum SE of 30/1024×2 is around -4 dB at the receiver. Based on the above evaluation of the worst case, it is observed that CR = 30/1024 should be used in the CQI table of BLER=10-5 to satisfy the SNR required of around -4 dB.

Observation 3: Based on the evaluation in the worst case, it is observed that CR = 30/1024 should be used in the CQI table of BLER=10-5 to satisfy the cell-edge (5 percentile) SINR.
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Figure 3 BLER performance of SE=30/1024×2, 40/1024×2, 50/1024×2 and 78/1024×2  for TDL-A (30 ns)
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 Figure 4 BLER performance of SE=30/1024×2, 40/1024×2, 50/1024×2 and 78/1024×2  for TDL-C (300 ns)
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Figure 5 BLER performance of SE=30/1024×2, 40/1024×2, 50/1024×2 and 78/1024×2  for AWGN

Moreover, due to channel estimation errors, SNR backoff should be considered for the lowest code rate in CQI table. 

The CQI report for low SNR range has low accuracy [2]. For closed-loop link adaptation, the accuracy of SNR estimation for UE CQI reporting is evaluated in [2]. And the simulation results are shown. It is observed that: 1) For high SNR range: 90% drops having SNR estimation meet the target BLER if 0.4 dB power is compensated; 2) For medium SNR range: 90% drops having SNR estimation meet the target BLER if 0.8 dB power is compensated; 3) For low SNR range: 90% drops having SNR estimation meet the target BLER if 2 dB power is compensated. And, almost 100% drops having SNR estimation meet the target BLER if 3 dB power is compensated. Furthermore, most backoff values are larger than 0 for low SNR range and the backoff values are around 0 dB for medium or high SNR range. In other words, the CQI report for low SNR range has low accuracy and the CQI report for medium or high SNR range has high accuracy. 
A similar observation can be referred to [3] which is shown in Table A3 in Appendix. Note that due to the fact in our simulations, the error resulted from the difference between CSI-RS and DMRS as well as the influence of SNR estimation method of RBIR, is also accounted in the backoff values, so the compensation values are slightly larger than those in Table A3.

Observation 4:  Due to channel estimation errors, SNR backoff should be considered for the lowest code rate in CQI table. 

Due to the high reliability requirement of URLLC, the CQI table should be extended to sufficiently low code rate. Especially for some special cases, such as coverage enhancement, severe channel condition etc., where low code rate is significantly important for high reliability. Additionally, for high reliability requirements, e.g. 1-10-5, it is necessary to support sufficiently low code rate, especially for one shot transmission.

Furthermore, the SE of 30/1024×2 is considered as the minimum spectral efficiency of the CQI table of BLER 10-5 for URLLC. It is one quarter of the spectral efficiency of the first entry (i.e. 120/1024×2) in eMBB 64QAM MCS table, which can provide a codeword repetition to ensure the reliability of one shot transmission without retransmission.

Proposal 2:  Considering the worst channel, channel estimation errors and potential coverage enhancement, it is preferred that the CQI entry of SE=30/1024×2 should be supported as the lowest MCS of the CQI table of BLER=10-5.
Considering the simulation result in [2] shows that a compensation about 2 dB is needed in low SNR range to have 90% drops met the BLER requirement, it is unreasonable to have a finer granularity in low SE range. 

As shown in Figure 5, The required SNR gap of adjacent SE of 30/1024×2, 50/1024×2, 78/1024×2 at BLER =10-5 is almost 2 dB. To maintain 2 dB spacing of adjacent entries, and the SE of 50/1024×2 should be inserted in CQI table for URLLC.

Observation 5:  The required SNR spacing of adjacent SE of 30/1024×2, 50/1024×2, 78/1024×2  at BLER =10-5 is 2 dB. 

Proposal 3:  The lowest spectral efficiency of URLLC CQI table targeting at BLER=10-5 should be 30/1024×2.

Proposal 4: To keep 2dB SNR gap between any two adjacent CQI indices,  the spectral efficiency of URLLC CQI table targeting at BLER=10-5 should include 50/1024×2.

Considering CQI is used to indicate the channel condition and scheduling depends on MCS, the highest spectral efficiency of CQI table could be 772/1024×6. 

Proposal 5: The highest spectral efficiency of URLLC CQI table of 10-5 could  be 772/1024×6.

2.3 CQI table targeting at BLER=10-5
As discussed above, the lowest spectral efficiency of CQI table of BLER=10-5 should be 30/1024×2, the highest spectral efficiency could be 772/1024×6, while the intermediate SE could be the same as those in the CQI table of BLER  10-1 and include 50/1024×2. The proposed CQI table of BLER 10-5 for URLLC is given in Table 2.
Table 2  The proposed CQI table at BLER = 10-5 for URLLC
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	30
	0.0586

	2
	QPSK
	50
	0.0977

	3
	QPSK
	78
	0.1523

	4
	QPSK
	120
	0.2344

	5
	QPSK
	193
	0.3770

	6
	QPSK
	308
	0.6016

	7
	QPSK
	449
	0.8770

	8
	QPSK
	602
	1.1758

	9
	16QAM
	378
	1.4766

	10
	16QAM
	490
	1.9141

	11
	16QAM
	616
	2.4063

	12
	64QAM
	466
	2.7305

	13
	64QAM
	567
	3.3223

	14
	64QAM
	666
	3.9023

	15
	64QAM
	772
	4.5234


Evaluation results

In this section, in order to verify the feasibility, we evaluate the performance of URLLC CQI entries based on the proposed CQI tables in Table 2. The simulation results are shown in Figure 6. And the simulation assumptions are shown in Table A1 in the Appendix.
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Figure 6 SE vs SNR curve of the proposed CQI table at BLER=10-5      

From the simulation results, it can be observed that the proposed CQI tables have an approximately equal SNR spacing (around 2dB) between the adjacent CQI indices at the target BLER of 10-5. Furthermore, the performance of BLER curves for TDL-A(30 ns), TDL-C(300 ns) and AWGN are shown by Figure A1-A3 in Appendix.
Observation 6:  The required SNR spacing between two adjacent entries in Table 2 at BLER =10-5 is around 2 dB.  

Proposal 6: The CQI table in Table 2 should be taken as URLLC CQI table for target BLER=10-5.

3 5-bit MCS Table

In eMBB and LTE, the lowest SE in the CQI table is used for PDCCH and not included in its corresponding MCS table. Due to the fact that the CQI table and its corresponding MCS table aimed at BLER=10-5 for URLLC are designed for one-shot transmission, the lowest SE in CQI table should be remained in its MCS table to meet up with the high reliability requirement in the cases such as coverage enhancement, severe channel condition etc..
Proposal 7:  The lowest SE in CQI table should be remained in its corresponding MCS table.
Regarding the highest SE or code rate supported by URLLC MCS table of 10-5, the following factors should be taken into account:
(1)  The probability for URLLC to support code rate larger than 2/3 would be low due to the reliability requirement.
(2)  Considering the fact that the code rate 2/3 is one of the thresholds to choose NR-LDPC base graph 1 or base graph 2 to encode the transport block. If the first transmission is larger than 2/3 and TBS larger than 192, base graph 1 is used, and one cannot use base graph 2 and code rate lower than 2/3 to encode the transport block for retransmission. So for gNB, the potential scheduling schemes are limited. 
(3)  LDPC BG2 provides better performance below code rate of 2/3 and has lower implementation complexity than BG1.
Thus, the maximum code rate in URLLC MCS table of target BLER=10-5 should be no more than 2/3, which means the highest SE entry is CQI table with 772/1024×6 should be excluded from its corresponding MCS table. In this case, reporting a CQI entry with SE of 772/1024×6 from UE indicates a good channel condition, gNB could have more confidence to schedule MCS of 666/1024×6 since extra SNR backoff should be considered for channel estimation error and BLER evaluation error.
Proposal 8:  For target BLER=10-5, the highest SE with 772/1024×6 in the CQI table of BLER=10-5 should be excluded in the corresponding MCS table.
3.1 5-bit MCS table for CP-OFDM
Based on the proposed CQI table of target BLER=10-5, six MCS levels whose SEs are lower than 120/1024×2 should be introduced in its corresponding MCS table. They are QPSK with code rate x 1024 of 30, 50 and 78 as well as two interpolation entries. And the rest MCS entries in the current MCS table of eMBB can be reused. Table 3 shows the proposed 5-bit MCS table corresponding to CQI table of 10-5 for URLLC with CP-OFDM. The required SNR at BLER=10-5 of these MCS entries in Table 3 are shown in Figure 7 if assumed information block size is 32 Bytes. And the BLER=10-5 performance of these MCS entries in Table 3 are shown in Figure A4~A6 in Appendix if assumed information block size is 32 Bytes. 
Proposal 9: If the CQI table of 10-5 in Table 2 is adopted, the MCS entries in Table 3 should be considered as its corresponding MCS table for CP-OFDM.
Table 3: 5-bit MCS table corresponding to CQI table for URLLC (CP-OFDM)

	MCS Index
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	code rate x 1024
	efficiency

	0
	2
	30
	0.0586

	1
	2
	40
	0.0781

	2
	2
	50
	0.0977

	3
	2
	64
	0.1250

	4
	2
	78
	0.1523

	5
	2
	99
	0.1934

	6
	2
	120
	0.2344

	7
	2
	157
	0.3066

	8
	2
	193
	0.3770

	9
	2
	251
	0.4902

	10
	2
	308
	0.6016

	11
	2
	379
	0.7402

	12
	2
	449
	0.8770

	13
	2
	526
	1.0273

	14
	2
	602
	1.1758

	15
	2
	679
	1.3262

	16
	4
	340
	1.3281

	17
	4
	378
	1.4766

	18
	4
	434
	1.6953

	19
	4
	490
	1.9141

	20
	4
	553
	2.1602

	21
	4
	616
	2.4063

	22
	4
	658
	2.5703

	23
	6
	438
	2.5664

	24
	6
	466
	2.7305

	25
	6
	517
	3.0293

	26
	6
	567
	3.3223

	27
	6
	616
	3.6094

	28
	6
	666
	3.9023

	29
	2
	reserved

	30
	4
	

	31
	6
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Figure 7 SE vs. SNR curve for the proposed MCS table at target BLER=10-5 for CP-OFDM
Furthermore, the performance of BLER curves for TDL-A(30 ns), TDL-C(300 ns) and AWGN are shown by Figure A4-A6 in Appendix.
3.2 5-bit MCS table for DFT-s-OFDM
For UL DFT-s-OFDM, since pi/2 BPSK can decrease PAPR it has been used to enhance coverage in LTE and eMBB. BPSK can perform a similar demodulation performance with QPSK within low code rate and small data block. So the first two MCS entries are defined as pi/2 BPSK in LTE and eMBB MCS tables. However, in URLLC, since more MCS entries with low code rate are introduced, more pi/2 BPSK entries should be supported in DFT-s-OFDM MCS table. 

URLLC MCS table should use pi/2 BPSK instead of QPSK for UL DFT-s-OFDM because pi/2 BPSK guarantee good demodulation performance with lower PAPR. Figure 8 shows the SE vs. SNR performance of pi/2 BPSK and QPSK with the same SE for MCS 0~8 in table 3. It is observed that a similar performance between pi/2 BPSK and QPSK is shown for MCS 0~5 and QPSK has better performance than BPSK when MCS index larger than 5. Therefore, when design the MCS table corresponding to CQI table of target BLER=10-5, we propose to change the lowest six QPSK entries in Table 3, i.e. QPSK with code rate of 30/1024, 40/1024, 50/1024, 64/1024, 78/1024 and 99/1024, into pi/2 BPSK with the same efficiency. 

Observation 7: For pi/2 BPSK and QPSK, a similar performance between pi/2 BPSK and QPSK is shown for MCS 0~5 and QPSK has better performance than BPSK when MCS index larger than 5. 

Proposal 10: 6 MCS entries with QPSK modulation should be changed into pi/2 BPSK with the same efficiencies for DFT-s-OFDM MCS table.
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Figure 8 SE vs. SNR curve for pi/2 BPSK and QPSK

Then, the specific 5-bit MCS table corresponding to CQI table in Table 2 for URLLC DFT-s-OFDM is given in Table 4. Similar to the eMBB MCS table for DFT-s-OFDM, the SE with higher modulation order is dropped in the SE overlapped area due to its rare usage in the same channel condition. The required SNR at BLER=10-5 of 32 bytes for MCS entries in Table 4 are shown in Figure 9. 
Proposal 11: If the CQI table in Table 2  is adopted, the MCS entries in Table 4 should be considered as its corresponding MCS table for DFT-s-OFDM. 
Table 4: 5-bit MCS table corresponding to CQI table in Table 2 for URLLC (DFT-s-OFDM)

	MCS Index
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Figure 9  SE vs. SNR curve for the proposed MCS table at target BLER=10-5 for DFT-s-OFDM
4 CQI and MCS table indication
4.1 CQI table indication
In [4], two higher layer parameter cqi-Table and bler-Target are used to indicate the CQI table and transport block error probability,i.e. BLER, of PDSCH. It can be summarized as it is in Table 5.

Table 5 BLER of PDSCH and reported CQI table

	Parameter
	Configuration
	BLER
	CQI table

	cqi-Table
	64 QAM CQI Table of eMBB
	10-1
	64 QAM CQI Table of eMBB

	
	256 QAM CQI Table of eMBB
	10-1
	256 QAM CQI Table of eMBB

	bler-Target

for URLLC
	10-1
	10-1
	64 QAM CQI Table of eMBB

	
	10-5
	10-5
	 CQI Table of  BLER 10-5


According to [5], both of those two parameter are optional, the determination procedure of reported CQI table and transport block error probability of PDSCH works well when either of them is configured. However, if UE support eMBB as well as URLLC service and both cqi-Table and bler-Target are configured in the RRC signaling, e.g. cqi-Table is set to 256 QAM CQI Table of eMBB and bler-Target is 10-5, there would be ambiguous about the BLER and reported CQI table.

As the higher layer parameter bler-Target is introduced to indicate the BLER target of the reported CQI and its corresponding table for URLLC. We should make sure the determination of BLER of PDSCH and reported CQI table works as it is agreed in [6] when bler-Target is not configured. And if bler-Target is configured, it is assumed to be a URLLC scenario and the parameter bler-Target will work. Hence it is proposed that the transport block error probability and CQI table should be decided by bler-Target  as long as it is configured, otherwise they are decided by cqi-Table.
Proposal 12: To avoid collision between cqi-Table and bler-Target ,  64QAM eMBB CQI table and 256QAM eMBB CQI table are selected by cqi-Table if it is configure without bler-Target, CQI table of different BLER should be selected by bler-Target  if it is configured with bler-Target.
4.2 MCS table indication
In [4], the indication of MCS table for eMBB  is a result of higher layer parameters as well as the DCI format, its corresponding CRC scrambling sequence. The scenario of  URLLC with BLER targeting at 10-5 would introduce another MCS table for CP-OFDM and DFT-s-OFDM respectively as it is shown in the Section 3.In [2,7,8], it is mentioned the scheduled and reported BLER target should be the same to reduce the unnecessary estimation error. From this perspective, we can keep the scheduled MCS table in alignment with the BLER target of reported CQI. In details, MCS table is decided by bler-Target  as long as it is configured, otherwise the MCS table determination procedure remains the same as it is in [4].
Proposal 13:  To avoid collision between mcs-Table and bler-Target ,  64QAM eMBB MCS table and 256QAM eMBB MCS table are selected by mcs-Table if it is configure without bler-Target, CQI table of different BLER should be selected by bler-Target  if it is configured with bler-Target .
5 Conclusion

According to the analysis given above, our observations and proposals are as follows:

Observation 1: For CQI index ranges from 1 to 13 in the CQI table of BLER=10-1, the required SNR spacing of adjacent entries is around 2 dB when BLER =10-5 . 

Observation 2: For the generation of the CQI table of BLER=10-5, two entries with the highest spectral efficiency should be removed based on the CQI table of BLER=10-1.
Observation 3: Based on the evaluation in the worst case, it is observed that CR = 30/1024 should be used in the CQI table of BLER=10-5 to satisfy the cell-edge (5 percentile) SINR.

Observation 4: Due to channel estimation errors, SNR backoff should be considered for the lowest code rate in CQI table.
Observation 5: The required SNR spacing of adjacent SE of 30/1024×2, 50/1024×2, 78/1024×2  at BLER =10-5 is 2 dB.
Observation 6:  The required SNR spacing between two adjacent entries in Table 2 at BLER =10-5 is around 2 dB.  

Observation 7: For pi/2 BPSK and QPSK, a similar performance between pi/2 BPSK and QPSK is shown for MCS 0~5 and QPSK has better performance than BPSK when MCS index larger than 5.

Proposal 1:  For URLLC scenario, the entries of CQI index from 1 to 13 in the CQI table of BLER=10-1 can be reused as the entries of the CQI table of BLER=10-5.
Proposal 2:  Considering the worst channel, channel estimation errors and potential coverage enhancement, it is preferred that the CQI entry of SE=30/1024×2 should be supported as the lowest MCS of the CQI table of BLER=10-5.
Proposal 3:  The lowest spectral efficiency of URLLC CQI table targeting at BLER=10-5 should be 30/1024×2.

Proposal 4: To keep 2dB SNR gap between any two adjacent CQI indices,  the spectral efficiency of URLLC CQI table targeting at BLER=10-5 should include 50/1024×2.

Proposal 5: The highest spectral efficiency of URLLC CQI table of 10-5 could  be 772/1024×6.

Proposal 6: The CQI table in Table 2 should be taken as URLLC CQI table for target BLER=10-5.

Proposal 7:  The lowest SE in CQI table should be remained in its corresponding MCS table.
Proposal 8:  For target BLER=10-5, the highest SE with 772/1024×6 in the CQI table of BLER=10-5 should be excluded in the corresponding MCS table.

Proposal 9: If the CQI table of 10-5 in Table 2 is adopted, the MCS entries in Table 3 should be considered as its corresponding MCS table for CP-OFDM.
Proposal 10: 6 MCS entries with QPSK modulation should be changed into pi/2 BPSK with the same efficiencies for DFT-s-OFDM MCS table.
Proposal 11: If the CQI table in Table 2 is adopted, the MCS entries in Table 4 should be considered as its corresponding MCS table for DFT-s-OFDM. 
Proposal 12: To avoid collision between cqi-Table and bler-Target ,  64QAM eMBB CQI table and 256QAM eMBB CQI table are selected by cqi-Table if it is configure without bler-Target, CQI table of different BLER should be selected by bler-Target  if it is configured with bler-Target.

Proposal 13: To avoid collision between mcs-Table and bler-Target ,  64QAM eMBB MCS table and 256QAM eMBB MCS table are selected by mcs-Table if it is configure without bler-Target, CQI table of different BLER should be selected by bler-Target  if it is configured with bler-Target .
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Appendix

1. Simulation assumptions

Table A1
Simulation assumptions for URLLC CQI table

	Parameters
	Value

	TBS
	32 Bytes

	CRC
	16 bits

	Codeword length
	dependent on code rate

	Target BLER
	 10-5

	Channel model
	AWGN

	HARQ
	No HARQ

	RV
	0

	Coding Scheme
	NR-LDPC

	LDPC decoding algorithm
	normalized min-sum, 15 iterations


Table A2
Simulation assumptions for URLLC CQI table

	Parameters
	Value

	RB number and Data block size
	 Fixed 32 Bytes, changed RB number dependent on code rate

	RE number per RB
	126 REs

	Coding Scheme
	NR-LDPC

	CRC
	16 bits

	Target BLER
	 10-5

	Channel model
	TDL-A(delay spread: 30 ns), TDL-C(delay spread: 300 ns), 

	HARQ
	No HARQ

	RV
	0

	Coding Scheme
	NR-LDPC

	LDPC decoding algorithm
	normalized min-sum, 15 iterations

	System bandwidth
	20MHz

	Carrier Frequency
	4GHz

	Subcarrier spacing
	30KHz

	Transmission scheme
	1-port precoder cycling

	Channel estimation
	Realistic

	UE speed
	3 km/h

	Number of BS antennas
	2Tx

	Number of UE antennas
	4Rx 


Table A3  Channel Estimation Backoff
	Pilot tone C/I range [dB]
	CE_backoff [dB]

	(-∞, -4.0)
	1

	[-4.0, -1.25)
	0.75

	[-1.25, 3.5)
	0.5

	[3.5, 6.45)
	0.45

	[6.45, 10.35)
	0.35

	[10.35, ∞)
	0.3


2. Simulation results for TDL-A and TDL-C for the proposed CQI table of BLER=10-5
[image: image14.png]BLER

TDL-AGOns)

01

001
0001
0.0001
0.00001
0.000001

ES) K E 2 7 2 ] 2

SNR4B
——230 - ——2.78 ——210  —e—215

—e—2308  —8—244  —8—2602  ——4378  ——2-3%0
—e—1515  —e—5d5  —e—556]  —e—5685 5772




Figure A1
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Figure A2
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Figure A3

3. Simulation results for TDL-A and TDL-C for the proposed MCS table of BLER=10-5 (CP-OFDM)
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Figure A4
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Figure A5
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Figure A6
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