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Introduction
It was agreed in RAN1#92 meeting that [1]
Agreements:
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
[bookmark: _GoBack]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 discuss the design of URLLC CQI and MCS tables based on these agreements. And the proposed CQI and MCS tables are given. 
BLER Targets for URLLC
A few factors are listed in [1] when selecting proper BLER targets of URLLC CQI reporting. From our perspectives, accuracy of SNR estimation and the supported transmission schemes are the primary factors to be considered.
Accuracy of SNR estimation
The performance of wireless link depends on the channel condition. In order to keep the BLER at a given level, a proper modulation and coding scheme is chosen corresponding to the channel condition, which is known as link adaptation. Link adaptation includes closed-loop link adaptation and open-loop link adaptation (OLLA).
With OLLA, the number of ACK/NACK are counted for the first transmissions to adjust the SNR to keep the current BLER in line with the target BLER. In general, the accuracy of SNR estimation can be much improved by OLLA in eMBB.
Observation 1: The accuracy of SNR estimation can be much improved by OLLA in eMBB.
However, the latency of OLLA is always about tens to hundreds of milliseconds which is too much for the latency requirement of URLLC. The fact that OLLA is not suitable in URLLC scenario makes it more important to reduce the difference between the actual and the target BLER.
Observation 2: The fact that OLLA is not suitable in URLLC scenario makes it more important to reduce the difference between the actual and the target BLER.
The transmission efficiency could be high if the SNR estimation is accurate, otherwise the gNB should allocate enough resources, which results in a lower efficiency. In other words, the accuracy of SNR estimation have an impact on the transmission efficiency of URLLC.
[bookmark: OLE_LINK5]Observation 3: The accuracy of SNR estimation have an impact on the transmission efficiency.
For closed-loop link adaptation, the simulation results for SNR estimation for UE CQI reporting are shown in Figure 1 with the simulation assumption listed in Table A1 in the Appendix. 1000 independent drops are simulated. For each drop, an estimated SNR denoted by SNRdB_est is obtained by classical RBIR method according to the estimated channel information. A code rate and modulation order corresponding to a CQI entry is selected based on the estimated SNR and the target BLER. To check whether the selected CQI is accurate for CQI reporting, an actual SNR denoted by SNRdB_act is obtained by Monte Carlo simulation with the ideal channel information, the selected code rate and modulation order, as well as the same channel (speed, power of each channel path). Then the actual SNR of SNRdB_act for the target BLER of 0.1 is obtained. 
The offset (dB) in Figure 1 is obtained by the following calculation: SNRdB_act - SNRdB_est. The SNR estimation is conservative with an offset smaller than 0. At the cost of efficiency, it does little harm for communication system. When the offset is larger than 0, SNR estimation is radical where gNB needs to transmit more power in order to meet the target BLER. In this case, if the transmitted power is not properly adjusted by gNB, the decoding of transport block would fail, which is harmful for URLLC communication system. Furthermore, according to the simulation results in Figure 1, it is observed that 90% drops having SNR estimation meet the target BLER if 1 dB power is compensated; 97.5% 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. 
Observation 4:  Almost 90% drops having SNR estimation meet the target BLER of 0.1 when about 1dB power is compensated. 

Figure 1 Offset=SNRdB_act - SNRdB_est at the target BLER= 0.1
One-shot or two-shot transmission 
It can be concluded from RAN1 #92 that the target BLER of URLLC CQI reporting is greatly related to the supported transmission scheme of one-shot or two-shot. The latency and receiver complexity are much lower for one-shot transmission, but it depends on the SNR estimation accuracy which may lead to a lower transmission efficiency. For two-shot transmission, the first transmission is of less dependence of SNR estimation than the second transmission. It has a higher efficiency, but with longer latency and higher receiver complexity.
According to the latency estimation in [2], the typical URLLC target for user plane latency requirement is 1 ms which can be fulfilled by two transmissions in the cases when sub-carrier spacing is 30 kHz or up. However, we should provide the opportunity to have a lower latency and/or smaller sub-carrier spacing with one-shot transmission to support a potentially wider URLLC usage such as V2V, telemedicine and so on.
Based on our analysis, both one-shot and two-shot transmission have distinctive advantages and disadvantages and should be supported by URLLC for different application scenarios. Choosing a proper transmission scheme should be up to gNB for any specific UEs.
Observation 5: Both one-shot and two-shot transmission have distinctive advantages and disadvantages.
Proposal 1: Both one-shot and two-shot transmission should be supported by URLLC.
BLER target
For one-shot transmission, a sufficiently low BLER target of CQI reporting is required due to the reliability requirement of 1-10-5 for URLLC. In light of this, a BLER target of 10-5 is more appropriate than 10-4. Furthermore, as indicated in Figure 1 that there is an SNR gap between the estimated and the actual SNR in some cases, wherein it is more difficult to adjust the BLER performance to fulfill the reliability requirement if the BLER target is 10-4 while the reliability requirement is 1-10-5.
As to the BLER target of the first transmission for a two-shot transmission scheme, some factors such as probability of retransmission and efficiency should be taken into account. And the BLER target of the first transmission is not necessarily low, while the BLER target of the second transmission should be low enough to guarantee the high reliability of URLLC. Compared to the target BLER of 10-1, higher BLER target such as 10-2 or 10-3 are not of interest due to their low transmission efficiency. If a target BLER is 10-1 for the first transmission, the occurrence ratio of first transmission packet is 0.9 and the ratio of retransmission is 0.1, the allocated resources don’t differ too much between BLER targeting at 10-5 and 10-4 for retransmission. Furthermore, with a combination of 10-1 and 10-5 as the two BLER targets, it also provides a reliability guarantee in the situations when channel estimation is too optimistic. While if 10-1 and 10-4 are taken as the two BLER targets, the URLLC reliability requirement can only be satisfied when those two transmissions are complete independent which in our opinion is too ideal assumption.
In summary, the lower BLER target of 10-5 for URLLC CQI reporting is more beneficial both for one-shot and two-shot transmission. For two-shot transmission, the BLER target of the first transmission should be 10-1 for the sake of efficiency. Hence the BLER targets of URLLC CQI reporting should be 10-1 and 10-5. 
Proposal 2:  The BLER targets of URLLC CQI reporting should be 10-1 and 10-5.
CQI Table and CSI reference resources for URLLC
1.1 LTE CQI Table
Table 1: 4-bit CQI Table up to 64QAM
	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: 4-bit CQI Table up to 16QAM
	CQI index
	modulation
	
code rate x 1024 x 
	
efficiency x 

	0
	out of range

	1
	QPSK 
	40
	0.0781

	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
	Reserved 
	Reserved
	Reserved

	12
	Reserved
	Reserved
	Reserved

	13
	Reserved
	Reserved
	Reserved

	14
	Reserved 
	Reserved
	Reserved

	15
	Reserved 
	Reserved
	Reserved


[bookmark: OLE_LINK2]Table 1 is the CQI table up to 64QAM of LTE, which is reused for NR eMBB. Table 2 is the CQI table up to 16QAM for LTE eMTC scenarios. Comparing Table 1 and Table 2, one lower code rate x 1024 of 40 is defined in 16QAM CQI table for coverage enhancement and CQI index 2-10 in 16QAM CQI table are the same as CQI index 1-9 in 64QAM CQI table. In addition, the number of repetition of package is also involved in 16QAM CQI table. Further, for LTE 16QAM table and LTE 64QAM table, the relationship between CQI index and SNR has been given in Figure 2. According to Figure2, we can have the following observation:
Observation 6: there is a about 2dB SNR offset between LTE 16QAM table and LTE 64QAM table at BLER=0.1 for the same CQI index.

Figure 2 CQI index vs. SNR for LTE16QAM CQI table and 64QAM CQI table
1.2  URLLC CQI Table
The design of URLLC CQI table can be based on eMBB CQI table except for the lowest and highest code rate due to the difference in reliability requirement of eMBB and URLLC.
Lowest and highest code rate 
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, presence of error floor etc., where low code rate is significantly important for high reliability. Additionally, for high reliability requirements, e.g. BLER of 10-5, it is necessary to support sufficiently low code rate. Therefore, as one of the alternatives, we can consider to apply the minimum code rate of the current 16QAM CQI table for URLLC, i.e. the code rate x 1024 of 40. It is almost half and one third of the code rate of the first and second entry (i.e. 78/1024 and 120/1024) in eMBB 64QAM CQI table, respectively, which in turn provides a repetition through lower code rate and can guarantee better performance.
As another alternative, the minimum code rate x 1024 of URLLC could be 30. It is one quarter of the code rate of the second entry (i.e. 120/1024) in eMBB 64QAM CQI table, which can also provide a repetition through lower code rate and would have better performance. And to maintain 2 dB spacing of adjacent entries, the code rate x 1024 of 50 is inserted.
Proposal 3:  The lowest code rate x 1024 of URLLC CQI table could be 40 or 30.
Regarding the high code rate entries supported by URLLC CQI, 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, 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 good performance below code rate x 1024 of 2/3 and has lower implementation complexity than BG1.
Thus, the code rate of higher than 2/3, i.e. code rate x1024 of 948, 873 and 772 corresponding to 64QAM , can be eliminated. 
However, in the RAN 1 #92 meeting, code rates higher than 2/3 are also proposed by some companies aiming to provide higher throughput in good channel conditions. Although we think such usage of higher code rate than 2/3 is very limited for URLLC, a design for some future potential may be of interest. But the focus of URLLC should always be on low code rate. Therefore, at most one code rate higher than 2/3 may be selected. Given that even in LTE and eMBB which have KPI of high throughput, the code rate x 1024 of 948 is seldom used, we suggest it should be not considered in URLLC scenario at all. As suggest in [3], the granularity in high code rate should be coarse. Thus the code rate of 64QAM with code rate x1024 of 948 and 772 can be eliminated in URLLC CQI table, the highest code rate could be 873/1024 as an alternative.
Proposal 4: The highest code rate x 1024 of URLLC CQI table could be 666 or 873.
CQI table targeting at BLER=10-5
As discussed above, the lowest code rate x 1024 of URLLC could be 40 or 30, the highest code rate x 1024 could be 666 or 873, while the intermediate code rate could be the same as eMBB. Here we have two options for URLLC CQI table targeting at BLER=10-5. As it is showed in Table 3 and Table 4. For Option A, the lowest code rate x 1024 is 40 and the highest code rate x 1024 is 666 or 873, while the other entries are the same as eMBB. For Option B, the two lowest code rate x 1024 is 30 and 50, the highest code rate x 1024 is 666 or 873, while the other entries are also the same as eMBB. The 14th an 15th  entries in gray color in Table 3 and Table 4 are optional  depending on whether a code rate lager than 2/3 is needed.
Table 3 Option A: Proposed CQI table with BLER target of 10-5 for URLLC
	[bookmark: OLE_LINK8][bookmark: OLE_LINK9]CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	40
	0.0781

	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
	873
	5.1152

	15
	Reserved
	Reserved
	Reserved


Table 4 Option B: Proposed CQI table with BLER target of 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
	873
	5.1152


CQI table targeting at BLER=10-1
For the URLCC CQI table with BLER target of 10-1, we can reuse the eMBB 64QAM CQI table except for the code rate x 1024 is 948 due to the reliability requirement of URLLC. The proposed CQI table of Option C targeting at BLER of 10-1 is shown in Table 5.
There is another way in [4] to design a CQI table, where a CQI table targeting at BLER=10-1 is obtained from the one targeting at BLER=10-5 by adding an offset value on the code rate. Taking the proposed CQI table of Option A as an example, offset the code rate by a value of 16/1024, we can have a CQI table of Option D targeting at 10-1 which is demonstrated in Table 6.
Table 5 Option C: Proposed CQI table with BLER target of 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
	Reserved
	Reserved
	Reserved


Table 6 Option D: Proposed CQI table with BLER target of 10-1 for URLLC
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	[bookmark: OLE_LINK3]1
	QPSK
	56
	0.1094

	2
	QPSK
	94
	0.1836

	3
	QPSK
	136
	0.2656

	4
	QPSK
	209
	0.4082

	5
	QPSK
	324
	0.6328

	6
	QPSK
	465
	0.9082

	7
	QPSK
	618
	1.2070

	8
	16QAM
	394
	1.5391

	9
	16QAM
	506
	1.9766

	10
	16QAM
	632
	2.4688

	11
	64QAM
	482
	2.8242

	12
	64QAM
	583
	3.4160

	13
	64QAM
	682
	3.9960

	14
	64QAM
	889
	5.2090

	15
	Reserved
	Reserved
	Reserved


Evaluation results
In this section, in order to verify the feasibility, we evaluate the performance for URLLC CQI entries based on the proposed CQI tables of Option A to D. The simulation results are shown in Figure 3. And the simulation assumptions are showed in Table A1 in the Appendix.

(a) CQI table of Option A with BLER target 10-5                    (b) CQI table of Option B with BLER target 10-5  

(c) CQI table of Option C with BLER target 10-1                      (b) CQI table of Option D with BLER target 10-1            
Figure 3 SE vs. SNR for proposed CQI tables based on fixed 32Byte
From the simulation results, it can be observed that all of the four CQI tables have an approximately equal SNR spacing (around 2dB) between the adjacent CQI indices at the target BLER, which means the proposed target BLERs and CQI tables are appropriate for URLLC. 
Proposal 5: The CQI table of Option A or B should be taken as URLLC CQI table of BLER target =10-5.
Proposal 6: The CQI table of Option C or D should be taken as URLLC CQI table of BLER target =10-1.
MCS Table
1.3 5-bit MCS table
Corresponding to CQI table, the 5-bit MCS table for URLLC should support up to 64QAM modulation and consist of all the CQI entries and the interpolation between adjacent CQI entries. 
Proposal 7: The 5-bit MCS table for URLLC should consist of all the CQI entries and the interpolation between adjacent CQI entries.
As to CQI table of Option A, four lower MCS levels should be introduced corresponding to URLLC MCS table. They are respectively QPSK with code rate x 1024 of 40 and 78, i.e. proposed CQI 1 and 2, as well as the interpolation with respect to code rate x 1024 of 40 and 78. And the rest of MCS entries in the current DL 64QAM MCS table can be reused. Table 7 shows the proposed 5-bit MCS table corresponding to CQI table of Option A for URLLC CP-OFDM. 
Proposal 8: If the CQI table of Option A is adopted, its corresponding MCS table for CP-OFDM should be the one in Table 7. 
Table 7: 5-bit MCS table corresponding to CQI table of Option A for URLLC (CP-OFDM)
	
MCS Index

	
Modulation Order

	code rate x 1024
	efficiency

	0
	2
	40
	0.0781

	1
	2
	59
	[bookmark: OLE_LINK7]Average

	2
	2
	78
	0.1523

	3
	2
	99
	Average

	4
	2
	120
	0.2344

	5
	2
	157
	Average

	6
	2
	193
	0.3770

	7
	2
	251
	Average

	8
	2
	308
	0.6016

	9
	2
	379
	Average

	10
	2
	449
	0.8770

	11
	2
	526
	Average

	12
	2
	602
	1.1758

	13
	2
	679
	Average

	14
	4
	340
	Average

	15
	4
	378
	1.4766

	16
	4
	434
	Average

	17
	4
	490
	1.9141

	18
	4
	553
	Average

	19
	4
	616
	2.4063

	20
	4
	658
	Average

	21
	6
	438
	Average

	22
	6
	466
	2.7305

	23
	6
	517
	Average

	24
	6
	567
	3.3223

	25
	6
	616
	Average

	26
	6
	666
	3.9023

	27
	6
	769.5
	Average

	28
	6
	873
	5.1152

	29
	2
	reserved

	30
	4
	

	31
	6
	


For UL DFT-s-OFDM, since pi/2 BPSK can decrease PAPR, pi/2 BPSK is 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, as more MCS entries with low code rate are introduced, two pi/2 BPSK entries in DFT-s-OFDM MCS table may not be suitable. 
URLLC MCS should use pi/2 BPSK instead of QPSK for UL DFT-s-OFDM when pi/2 BPSK guarantee good demodulation performance for PAPR. Taking CQI table of Option A as an example, Figure 4 shows the SE vs. SNR performance of pi/2 BPSK and QPSK. From Figure 4, the similar performance between pi/2 BPSK and QPSK is shown in MCS 0~3 and the gap becomes large from MCS4. Therefore,when design the MCS table corresponding to CQI table of Option A,  we propose to change the lowest four QPSK entries in Table 7, i.e. QPSK with code rate x1024 of 40, 59, 78 and 99, into pi/2 BPSK with the same efficiencies. 
Observation 7: For pi/2 BPSK and QPSK, the similar performance is achieved in MCS 0~3 and the gap becomes large from MCS4. 
Proposal 9: Some entries with QPSK modulation should be changed into pi/2 BPSK with the same efficiencies for DFT-s-OFDM MCS table.

Figure 4 SE vs. SNR for pi/2 BPSK and QPSK
Then, the specific 5-bit MCS table corresponding to CQI table of Option A for URLLC DFT-s-OFDM is given in Table 8. Note that the entries in gray color in Table 7 and Table 8 are optional depending on whether a code rate lager than 2/3 is needed. Also note that a 5-bit MCS table corresponding to CQI table of Option B can be obtained with the same method.
Proposal 10: If the CQI table of Option A is adopted, its corresponding MCS table for DFT-s-OFDM should be the one in Table 8. 
Table 8: 5-bit MCS table corresponding to CQI table of Option A for URLLC (DFT-s-OFDM)
	
MCS Index

	
Modulation Order

	code rate x 1024
	efficiency

	0
	1
	80
	0.0781

	1
	1
	118
	Average

	2
	1
	156
	0.1523

	3
	1
	198
	Average

	4
	2
	120
	0.2344

	5
	2
	157
	Average

	6
	2
	193
	0.3770

	7
	2
	251
	Average

	8
	2
	308
	0.6016

	9
	2
	379
	Average

	10
	2
	449
	0.8770

	11
	2
	526
	Average

	12
	2
	602
	1.1758

	13
	2
	679
	Average

	14
	4
	340
	Average

	15
	4
	378
	1.4766

	16
	4
	434
	Average

	17
	4
	490
	1.9141

	18
	4
	553
	Average

	19
	4
	616
	2.4063

	20
	4
	658
	Average

	21
	6
	438
	Average

	22
	6
	466
	2.7305

	23
	6
	517
	Average

	24
	6
	567
	3.3223

	25
	6
	616
	Average

	26
	6
	666
	3.9023

	27
	6
	873
	5.1152

	28
	1
	reserved

	29
	2
	

	30
	4
	

	31
	6
	


1.4 4-bit MCS table
Compact MCS table with 4 bits is designed to reduce DCI overhead for URLLC. As some additional entries need to be inserted for retransmission, we have to drop some entries in the 4-bit CQI table when design a 4-bit MCS table.
For CP-OFDM, taking CQI table of Option A as an example, three more entries are added for retransmission, we have to remove the code rate x 1024 of 666 or 873 (if appears in the CQI table), the MCS table in Table 9 shows the detail of 4-bit MCS table corresponding to CQI table of Option A. Again, the entries in gray color in Table 9 and Table 10 are optional depending on whether a code rate lager than 2/3 is needed. Also note that a 4-bit MCS table corresponding to CQI table of Option B can be obtained with the same method.
[bookmark: OLE_LINK4]Proposal 11: If the CQI table of Option A is adopted, its corresponding 4-bit MCS table for CP-OFDM should be the one in Table 9. 
Table 9: 4-bit MCS table corresponding to CQI table of Option A for URLLC (CP-OFDM)
	
MCS Index

	
Modulation Order

	code rate x 1024
	efficiency

	0
	2
	40
	0.0781

	1
	2
	78
	0.1523

	2
	2
	120
	0.2344

	3
	2
	193
	0.3770

	4
	2
	308
	0.6016

	5
	2
	449
	0.8770

	6
	2
	602
	1.1758

	7
	4
	378
	1.4766

	8
	4
	490
	1.9141

	9
	4
	616
	2.4063

	10
	6
	466
	2.7305

	11
	6
	567
	3.3223

	12
	6
	666 or 873
	3.9023 or 5.1152

	13
	2
	reserved

	14
	4
	

	15
	6
	


And the similar rules are also applied for the design of 4-bit MCS table for DFT-s-OFDM. The lowest two QPSK entries in Table 9, i.e. QPSK with code rate x1024 of 40 and 78, are changed into BPSK with the same efficiencies. Then, the specific 4-bit MCS table for URLLC DFT-s-OFDM is given below in Table 10.
Proposal 12: If the CQI table of Option A is adopted, its corresponding 4-bit MCS table for DFT-s-OFDM should be the one in Table 10. 
Table 10: 4-bit MCS table corresponding to CQI table of Option A for URLLC (DFT-s-OFDM)
	
MCS Index

	
Modulation Order

	code rate x 1024
	efficiency

	0
	1
	80
	0.0781

	1
	1
	156
	0.1523

	2
	2
	120
	0.2344

	3
	2
	193
	0.3770

	4
	2
	308
	0.6016

	5
	2
	449
	0.8770

	6
	2
	602
	1.1758

	7
	4
	378
	1.4766

	8
	4
	490
	1.9141

	9
	4
	616
	2.4063

	10
	6
	466
	2.7305

	11
	6
	567
	3.3223

	12
	6
	666 or 873
	3.9023 or 5.1152

	13
	2
	reserved

	14
	4
	

	15
	6
	


CSI reference resource for URLLC
For NR eMBB, it has been agreed that the assumption of reference resource for CQI derivation includes a fixed value of 12 symbols for PDSCH. However, whether it can be applied directly on URLLC needs to be further evaluated due to the following aspects.
· For URLLC service, the utilization of slot shorter than 14 symbols would be more frequent to reduce latency. Hence the number of symbols in one slot would be very flexible. For PDSCH mapping type A, the number of PDSCH symbols per slot can be 2-14; whereas for PDSCH mapping type B, the number of PDSCH symbols per slot can be 2, 4 or 7. If the number of symbols in the reference resource is too few, CQI derived from reference resource cannot reflect preferred MCS and TB size for normal number of symbols per slot, and vice versa. That’s why in LTE, the length of DwPTS should be larger than 7680Ts if the CSI reference resource is a special subframe. Situation can be even worse in high speed scenarios if CSI reference resource is mismatched with data scheduling. 
· Furthermore, the target BLER of data transmission in NR can be much lower than eMBB, e.g., 10-5. The impact of an incorrect CQI feedback would be more significant on the system performance. Hence it requires more precise CQI derivation based on a matched CSI reference resource. In current eMBB design, the number of PDSCH and DM-RS symbols assumed in CSI reference resource is fixed to 12, which is apparently unreasonable. 
[bookmark: OLE_LINK1]In Figure 5, we compare the LLS performance of CQI derivation assuming different numbers of OFDM symbols for scheduling of 7 OFDM symbols per slot with simulation assumptions in Table A3 in Appendix. In this simulation, control signaling occupies 2 symbols, target BLER is 0.001 and mobile speed is 100km/h. As show in the figure, CQI derivation assuming with 5-symbol-PDSCH, which is matched with the scheduling, performs better than CQI derivation assumed with 12-symbol-PDSCH, resulting in 0.5dB performance gain. 

Figure 5.Performance of different CQI derivation assumptions for 7-symbol-Slot
In addition, gNB can dynamically adjust scheduling number of symbols for PDSCH transmission. Hence it needs to acquire the CQI report for its potential scheduling change rather than CQI report for current scheduling only. 
One approach to solve the issues discussed above in URLLC is that gNB configures the number of symbols per slot to UE for CQI derivation. Then gNB can configure CQI reporting based on its potential need for data scheduling.  This makes it decoupled with the number of symbols in CSI reference resource. Moreover, a set of numbers of symbols can be configured to UE in one or more report settings, and DCI is used to trigger one in each aperiodic CQI reporting.
Based on the above analysis and evaluations, we have the following proposal.
Proposal 13: Support gNB configuration of at least the number of DL symbols per slot to UE for URLLC CQI derivation.
Conclusion
According to the analysis given above, our observations and proposals are as follows:
Proposal 1: Both one-shot and two-shot transmission should be supported by URLLC.
Proposal 2: The BLER targets of URLLC CQI reporting should be 10-1 and 10-5.
Proposal 3: The lowest code rate x 1024 of URLLC CQI table could be 40 or 30.
Proposal 4: The highest code rate x 1024 of URLLC CQI table could be 666 or 873.
Proposal 5: The CQI table of Option A or B should be taken as URLLC CQI table of BLER target =10-5.
Proposal 6: The CQI table of Option C or D should be taken as URLLC CQI table of BLER target =10-1.
Proposal 7: The 5-bit MCS table for URLLC should consist of all the CQI entries and the interpolation between adjacent CQI entries.
Proposal 8: If the CQI table of Option A is adopted, its corresponding MCS table for CP-OFDM should be the one in Table 7. 
Proposal 9: Some entries with QPSK modulation should be changed into pi/2 BPSK with the same efficiencies for DFT-s-OFDM MCS table.
Proposal 10: If the CQI table of Option A is adopted, its corresponding MCS table for DFT-s-OFDM should be the one in Table 8. 
Proposal 11: If the CQI table of Option A is adopted, its corresponding 4-bit MCS table for CP-OFDM should be the one in Table 9. 
Proposal 12: If the CQI table of Option A is adopted, its corresponding 4-bit MCS table for DFT-s-OFDM should be the one in Table 10. 
Proposal 13: Support gNB configuration of at least the number of DL symbols per slot to UE for URLLC CQI derivation.

Observation 1: The accuracy of SNR estimation can be much improved by OLLA in EMBB.
Observation 2: The fact that OLLA is not suitable in URLLC scenario makes it more important to reduce the difference between the real and the target BLER.
Observation 3: The accuracy of SNR estimation have an impact on the transmission efficiency.
Observation 4:  Almost 90% drops having SNR estimation meet the target BLER of 0.1 when about 1dB power is compensated. 
Observation 5: Both one-shot and two-shot transmission have distinctive advantages and disadvantages.
Observation 6: there is a about 2dB SNR offset between LTE 16QAM table and LTE 64QAM table at BLER=0.1 for the same CQI index.
Observation 7: For pi/2 BPSK and QPSK, the similar performance is achieved in MCS 0~3 and the gap becomes large from MCS4. 
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Appendix: Simulation assumptions
Table A1	Simulation Assumptions for SNR estimation
	Parameters
	Value

	System bandwidth
	20MHz

	Carrier Frequency
	4GHz

	Subcarrier spacing
	30KHz

	Transmission scheme
	1-port precoder fixed

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

	UE speed
	3 km/h

	Number of BS antennas
	2Tx

	Number of UE antennas
	4Rx

	Additive Noise
	-10dB, 0dB, 10dB

	CQI table
	64QAM in eMBB

	Target BLER
	0.1

	Resource allocation
	6 PRBs



Table A2	Simulation assumptions for URLLC CQI table
	Parameters
	Value

	RB number and Data block size
	Option 1: Fixed 8 RBs, changed block size dependent on code rate
Option 2: Fixed 32 Bytes, changed RB number dependent on code rate

	RE number per RB
	120 REs

	Code rate and Efficiency
	CQI1-13 in Proposed CQI table (Table 3)

	Coding Scheme
	LDPC BG2

	CRC
	16 bits

	Target BLER
	10^-1, 10^-5

	Antenna configuration 
	1T1R

	Channel model
	AWGN

	HARQ
	No HARQ

	RV
	0




Table A3	Simulation Assumptions for CSI reference resource
	Assumptions
	Value

	Carrier frequency
	4GHz

	Duplex
	FDD

	Subcarrier spacing
	15kHz

	Transmission rank for data channel
	Rank 1

	SU/MU
	SU

	Transmission scheme
	Close loop

	CSI feedback 
	· CQI and Eigen vector feedback for precoding matrix
· 5 slots delay

	Data allocation
	· 8 PRBs 
· First 2 OFDM symbols for control signal

	PRB bundling
	4PRBs 

	Modulation order, Coding rate
	Link adaptation 

	Link adaptation / HARQ
	Evaluation link adaptation, and 256QAM is not used

	Channel estimation
	2D MMSE 

	UE speed
	100 km/h

	Channel model
	· CDL-A
· Possible DS values = {30, 300} ns. 
· ASA, ASD, ZSA, ZSD follow the values in sec 7.7.1 in 38.900

	TRP antenna configuration
	· The number of antenna: Tx= 2
(M,N,P,Mg,Ng) = (4,1,2,1,1). (dV,dH) = (0.5, 0.5)λ

	UE antenna configuration
	· The number of antenna: Rx=2
(M,N,P)=(1,1,2) with 0.5λ spacing with omni-directional antenna element
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