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Introduction
It was agreed in RAN1 meeting #90bis [1] that 1 or 2 separate CQI table(s) and two target BLER are supported for URLLC. RRC signalling is used by gNB to select one of the two target BLERs and the configuration of target BLER or CQI table is part of CSI report setting.
More detailed designs of CQI and MCS tables for URLLC were discussed in RAN1 meeting #92 [2]. Some design criteria have been agreed for target BLER, CQI and MCS tables. 
In this contribution, we provide our views on the remaining details of CQI and MCS tables for URLLC. 

Discussion 
Target BLER
It was agreed in RAN1 meeting #92 [2] that two BLER targets for URLLC CQI reporting are to be down-selected from one of the 4 options: , , , .
To meet URLLC latency requirements, a one-shot transmission should be supported. The URLLC reliability requirements of  should be maintained even in the case of one-shot transmission. It is mentioned [3] that a single transmission of a 32-byte packet needs to achieve the general URLLC reliability requirement of  with a user plane latency of 1 ms. Hence, it is preferable to set  as one of the BLER targets for URLLC. 
[bookmark: _GoBack]Furthermore, it is observed from the BLER performance of LDPC BG2 [4] that some error floor exists at the BLER target of . This implies at the same CQI index, the SNR offset between the BLER target of  and another BLER target less than  may not be a constant, and it is hard to extrapolate the SNR values at the BLER target of . It is necessary to set one of the BLER targets to .
Between the two options containing the BLER target of , we prefer the BLER target of  to the BLER target of . This is because the URLLC reliability level of  could be achieved by two transmissions (or 2 repetitions) if the BLER target of  is used. While the same URLLC reliability level could be achieved by five transmissions (or 5 repetitions) if the BLER target of  is used. Note the supported repetition factors in NR [5] are 1, 2, 4 and 8. Hence, up to 8 repetitions is needed if the BLER target of  is used.
With the option of BLER targets , two new URLLC CQI tables could be defined, one for each BLER target. Although two new CQI tables may increase UE implementation complexity, the savings on latency make the trade-off worthy. Hence, we have the following proposal:
Proposal 1: The two BLER targets could be set as  and . Two CQI tables are to be defined for URLLC. 

CQI table for URLLC
Two CQI tables [5] have been defined for eMBB: one with the highest order modulation of 64 QAM and the other one with the highest order modulation of 256 QAM. Table 1 shows the eMBB CQI table with the highest order modulation of 64 QAM. 
[bookmark: _Ref510604219]Table 1: eMBB CQI table [5]
	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



It was agreed [2] that 256 QAM is not supported for URLLC transmissions. The low order modulations facilitate the achievement of URLLC reliability requirements, at the cost of reduced maximum spectral efficiency. 
As mentioned above, the BLER target of is selected mainly to support one-shot transmission. The corresponding CQI table could be designed to have the highest order modulation as 16 QAM, which helps to achieve the BLER target. 
It is observed from the system level simulations in [6] that with Table 1, the probability of UE reporting high CQI indices (i.e., CQI index higher than 6) is less than 5%. Hence, it is possible to even restrict the modulation to QPSK in the URLLC CQI table. 
Another advantage of reducing the highest modulation order in a CQI table is that finer granularity could be achieved. Hence, we have the following proposal:
Proposal 2: At least for the CQI table corresponding to the low BLER target, the highest order modulation could be 16 QAM or QPSK. 
In case the highest order modulation is restricted in a URLLC CQI table, instead of finer granularity, we could alternatively decrease the total number of CQI entries. If the total number is reduced to 8, then only 3 bits are needed for a CQI index. The saving of 1 bit on CQI report payload could improve the UCI decoding performance, given the same amount of radio resources is used for PUCCH.
Furthermore, a small CQI table facilitates the design of a small MCS table, which will contribute to payload savings in the compact DCI design for URLLC.
Proposal 3: Further investigate the possibility of using 3-bit CQI table.
It was agreed [2] that the lowest spectral efficiency in CQI table is not lower than 30/1024*2 (QPSK). The lowest spectral efficiency CQI entry is introduced to ensure high reliable URLLC transmissions are maintained for cell edge users. Hence, it is preferred to keep this spectral efficiency as low as possible. Since the URLLC payload size is generally small, the lowest spectral efficiency CQI entry of 30/1024*2 does not pose a big pressure on radio resources. Hence, we have the following proposal: 
Proposal 4: The lowest spectral efficiency entry in URLLC CQI table could have code rate 30/1024 and QPSK modulation.
Except the lowest spectral efficiency entry, some entries in a URLLC CQI table could reuse the entries in the existing eMBB CQI table (i.e., Table 1). It was agreed [2] that the highest spectral efficiency in CQI table is not greater than a value selected from four options: 666/1024*6, 772/1024*6, 873/1024*6, 948/1024*6. These four options correspond to the last four entries in Table 1.
All these four options correspond to the highest order modulation of 64 QAM. It is possible that one of the two new URLLC CQI tables could support up to 64 QAM modulation. In this case, the largest code rate could be selected from 666/1024 or 772/1024 since the code rate in URLLC is generally less than that in eMBB for high reliable transmissions.
If the highest order modulation in a URLLC CQI table is 16 QAM, the highest spectral efficiency entry in the table could be set as 616/1024*4 (i.e., CQI index 9 in Table 1). If the highest modulation order in a URLLC CQI table is QPSK, the highest spectral efficiency entry in the table could be set as 602/1024*2 (i.e., CQI index 6 in Table 1). 
Proposal 5: If a CQI table supports up to 64 QAM modulation, then the highest spectral efficiency entry in the CQI table could be either 666/1024*6 or 772/1024*6. If a CQI table supports up to 16 QAM modulation, then the highest spectral efficiency entry in the CQI table could be 616/1024*4. If a CQI table only supports QPSK modulation, then the highest spectral efficiency entry in the CQI table could be 602/1024*2.

MCS table for URLLC
In the study of compact DCI for URLLC, several fields of DCI are examined for possible payload reduction. The MCS field in an eMBB DCI format is of 5 bits to indicate 32 entries of the MCS table. We think [7] the MCS field in the compact DCI for URLLC could be 4 or 3 bits to indicate a total of 16 or 8 entries of the MCS table. 
The entries in a URLLC MCS table could be the same as those in a URLLC CQI table. With 4-bit or 3-bit CQI tables defined for URLLC, the MCS tables could be defined correspondingly. Note that the lowest spectral efficiency entry in URLLC CQI table could be applied to URLLC MCS table, as it is likely used for the one-shot transmission for cell edge UE. 
If a 3-bit URLLC CQI table is defined, the number of entries in the corresponding MCS table may be doubled (i.e., 16). Besides the 8 entries in the CQI table, additional 8 entries could be added to the corresponding MCS table. This increases gNB scheduling flexibility. 
Proposal 6: URLLC MCS table(s) should contain no more than 16 entries. If URLLC CQI table(s) have 16 entries, then the corresponding URLLC MCS table(s) should have 16 entries. If URLLC CQI table(s) have 8 entries, then the corresponding URLLC MCS table(s) may contain 8 or 16 entries.

Conclusion
In this contribution, we discuss the detailed design of CQI and MCS tables for URLLC. We have the following proposals:
Proposal 1: The two BLER targets could be set as  and . Two CQI tables are to be defined for URLLC. 
Proposal 2: At least for the CQI table corresponding to the low BLER target, the highest order modulation could be 16 QAM or QPSK. 
Proposal 3: Further investigate the possibility of using 3-bit CQI table.
Proposal 4: The lowest spectral efficiency entry in URLLC CQI table could have code rate 30/1024 and QPSK modulation.
Proposal 5: If a CQI table supports up to 64 QAM modulation, then the highest spectral efficiency entry in the CQI table could be either 666/1024*6 or 772/1024*6. If a CQI table supports up to 16 QAM modulation, then the highest spectral efficiency entry in the CQI table could be 616/1024*4. If a CQI table only supports QPSK modulation, then the highest spectral efficiency entry in the CQI table could be 602/1024*2.
Proposal 6: URLLC MCS table(s) should contain no more than 16 entries. If URLLC CQI table(s) have 16 entries, then the corresponding URLLC MCS table(s) should have 16 entries. If URLLC CQI table(s) have 8 entries, then the corresponding URLLC MCS table(s) may contain 8 or 16 entries.
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