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1. Introduction
In RAN1#92bis [1], followings are agreed relevant to CQI and MCS table design for URLLC:
	Agreements:
The two BLER targets that are configurable for URLLC for CSI reporting are:
Option B. (10-1, 10-5)
· Note: The definition of the test case for the BLER target of 10-5 should take into account channel and interference variations and estimation errors.
Agreements:
Highest spectral efficiency for CQI based on 10-5 BLER target for URLLC is no more than 772/1024*6
Highest spectral efficiency for CQI based on 10-1 BLER target for URLLC is no more than 873/1024*6
It doesn’t necessarily mean that the CQI table introduced for eMBB can not be directly reused for URLLC – it’s still a separate discussion
Note that 
Whether or not to have two tables or a single table covering both BLER targets is a separate issue
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
Note: this means the agreement on “Highest spectral efficiency for CQI based on 10-1 BLER target for URLLC is no more than 873/1024*6” is overturned
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 provide our views on ultra-reliability aspects on CQI and MCS table design. Especially, we focus on the how to design CQI and MCS table based on 10-5 BLER target for URLLC. 
2. Discussion on CQI/MCS table entry
At least for CQI table of 10-1 BLER target for URLLC, it has been agreed to re-use existing CQI table for 64 QAM. It has benefit to re-use existing table in perspective of working timeline. Considering this, we can consider to re-use existing table as much as possible also for 10-5 BLER target. To be specific, if some existing entries meet 10-5 in given SNR range, these entries can be adopted for 10-5 BLER target CQI report. As a next step, we can find additional CQI entries for remaining region which is not covered by existing entries in terms of 10-5. By doing so, we can use evenly-spaced CQI entries for URLLC with least effort. 
To determine proper SNR range for URLLC, it has been agreed to use 5-percentile Geometry and fading channel evaluation. However, a careful approach is needed for using these factors. In our view, the main intention of those is to guarantee URLLC service availability for 95% UE in realistic channel condition. However, even if a design meets requirements and works in those assumptions, it is hard to say that URLLC is available with 95% probability. Since there can be more various channel condition and situation than what we expected, it is worth to take a kind of SNR margin or different consideration point. On the other hand, since we already agreed with using existing eMBB table for 10-1 BLER target URLLC, we can bring SNR range from existing table. For both of two BLER target, it is reasonable to have same or similar operating range. Moreover, URLLC services would have narrower operating range than of eMBB. So it makes sense that SNR of lowest eMBB CQI entry becomes baseline of SNR point of lowest URLLC CQI 
Proposal 1: a SNR point which meets 10-1 BLER with AWGN and 78/1024 code rate, shall be baseline of lowest CQI entry of 10-5 BLER target URLLC service. 
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Figure 1. LDPC FER of existing lowest CQI entries
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Figure 2. LDPC FER of additional CQI entries to cover 10-5 BLER target
Figure 1 shows SNR curves of some lowest entries of existing table with 32 bytes TB size. For lowest code rate, it requires –8.0 dB to meet 10-1 BLER target and -6.4 dB to meet 10-5 BLER target. From above point of view, we can consider –8 dB as marginal point for CQI entry for 10-5 BLER target. Besides, at 10-5 BLER, those entries are spaced almost evenly by 2.0 dB. To maintain SNR gaps among CQI entries identical, it is necessary to add at least one entry which covers –8 dB as figure 2. In addition to this, according to the agreement in last meeting, it is not possible to use last two entries in existing table. To re-use existing CQI table as much as possible, we can add two more CQI entries having similar gaps to exiting CQI entries and remove last two entries. Consequently, we propose following modified CQI table for 10-5 BLER target URLLC. 
Proposal 2: following CQI table can be considered for 10-5 BLER target URLLC services
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	30
	0.0586

	2
	QPSK
	48
	0.0938

	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




3. Issue on LDPC base graph selection for URLLC
For URLLC service, it is possible to use various TB size and code rate. Considering that existing MCS table can be used commonly for both of eMBB and URLLC, we have to consider properties of LDPC coding in perspective of URLLC.
In current specification, LDPC based graph is selected by following criteria:
· LDPC base graph 2 is used;
· If a payload size is not larger than 292
· Or if a payload size isn’t larger than 3824 and coding rate isn’t larger than 0.67 
· Or a coding rate isn’t larger than 0.25
· Otherwise, LDPC base graph 1 is used. 
According to current specification, for payload size larger than 3824 or coding rate larger than 0.67, BG1 is used. Since BG1 is larger than BG2, i.e., BG1 has more complexity than BG2, it may require more processing time to encoding or decoding scheme. Since the processing time line has to be designed in consideration of the worst case, supporting BG1 can be harmful to meet latency requirement for URLLC services. In other hand, limiting to BG2 would make lower performance when coding rate is larger than 2/3. Since we already has been agreed to re-use existing CQI table for URLLC, it is reasonable to consider to re-use existing MCS table as well. From those point of view, we propose following:
Proposal 3: it is necessary to carefully investigate on how to select LDCP base graph for URLLC.

4. Conclusion
In this contribution, we discuss ultra-reliability aspects on CQI and MCS table design. Our proposals are as follows:
Proposal 1: a SNR point which meets 10-1 BLER with AWGN and 78/1024 code rate, shall be baseline of lowest CQI entry of 10-5 BLER target URLLC service. 
Proposal 2: following CQI table can be considered for 10-5 BLER target URLLC services
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	30
	0.0586

	2
	QPSK
	48
	0.0938

	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



Proposal 3: it is necessary to carefully investigate on how to select LDCP base graph for URLLC.
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5. Reference
RAN1 chairman’s notes, RAN1#92bis
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