3GPP TSG-RAN WG1 Meeting # AH 1801                                 R1-1800742
Vancouver, Canada, January 22nd – 26th, 2018
Source: 
ZTE, Sanechips
Title: 
CQI and MCS design for URLLC
Agenda Item:
7.4.1
Document for:
Discussion
1. Introduction

In RAN1#90bis meeting, the following agreements for URLLC CQI and MCS are attained:
· N separate CQI table(s) are supported for URLLC

· Down-select 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 design of URLLC CQI table and MCS table based on these agreements. 
2. CQI table
URLLC CQI table is used by UE to report channel quality information in high reliability and low latency scenarios. Generally, URLLC cases work in low modulation mode and low code rate with small data package. And the transmission block size of around 32 bytes is a typical use case in URLLC. So the maximum modulation of 64QAM is sufficient for URLLC requirements and 256QAM modulation does not need to be considered. Hence, one CQI table up to 64QAM may be reasonable for URLLC. 
Proposal1: URLLC should support up to 64QAM modulation.

Then, the design of URLLC CQI table should refer to the current CQI tables below.

Table 1: 4-bit CQI Table
	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
	CQI index
	modulation
	code rate x 1024 x 
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	efficiency x 
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	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


Table 1 is the CQI table up to 64QAM of LTE, which is reused for NR eMBB. And Table 2 is the CQI table up to 16QAM for eMTC scenarios. Compared Table 1 with 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 with CQI index 1-9 in 64QAM CQI table. In addition, the number of repetition of package is also involved in 16QAM CQI table. 
For URLLC, since high reliability is required, e.g. BLER of 1% - 0.001% for different use cases, 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, low code rate is significantly important for high reliability. Additionally, for higher reliability requirements, e.g. BLER of 10^-6, it is necessary to support sufficiently low code rate. Therefore, it can be considered to apply the minimum code rate of the current 16QAM CQI table for URLLC, i.e. the code rate x 1024 of 40. On the other hand, taking into account high reliability, URLLC does not need to support high code rate. So high modulation order with high code rate, e.g. 64QAM with code rate x1024 of 948 and 873, can be eliminated.
Proposal2: QPSK with code rate x 1024 of 40 can be applied as the minimum CQI for URLLC.
Proposal3: High modulation order with high code rate can be eliminated for URLLC CQI table.
Due to high reliability requirement of URLLC, the target BLER of 10% is not applicable for CQI reporting while target BLER lower than 10% should be defined. It is agreed to support two target BLER for URLLC CQI. We propose that these two target BLER are 0.1% and 0.001% respectively. In some scenarios that repetition mechanism is enabled, the target BLER of 0.1% can be used to achieve the requirement of BLER=0.001%. For the transmission restricted in time domain and frequency domain, which cannot perform repetition or requires low latency, the target BLER of 0.001% should be supported.
Further, we evaluate the performance with respect to BLER of 10%, 0.1% and 0.001% for some current CQI entries on URLLC. These CQI entries include CQI index 1 in 16QAM CQI table and CQI index 1-12 in 64QAM CQI table. The simulation results are given in Figure 1 to 5. And the following simulation assumptions are considered:
· Fixed number of RB for all CQI indices: fixed 4 RBs; fixed 8RBs.
· Fixed number of information bit for all CQI indices: fixed 32 bytes.
Figure 1 to 3 show the SE vs. SNR performance at BLER of 10%, 0.1% and 0.001% for the CQI entries. It can be observed that:
· There exist some similar offsets between BLER=10% and BLER=0.1% and that between BLER=10% and BLER=0.001% when a fixed 4RB or 8RB is configured;
· There exist the non-unique offsets between BLER=10% and BLER=0.001% when fixed 32Byte is configured. 
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    (a) BLER= 10% and 0.1%                          (b) BLER= 10% and 0.001%
Figure 1 SE vs. SNR for different CQI based on fixed 4RB
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    (a) BLER= 10% and 0.1%                          (b) BLER= 10% and 0.001%
Figure 2 SE vs. SNR for different CQI based on fixed 8RB
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    (a) BLER= 10% and 0.1%                          (b) BLER= 10% and 0.001%
Figure 3 SE vs. SNR for different CQI based on fixed 32Byte
Figure 4 shows the BLER performance for the CQI entries based on fixed 32 bytes. From Figure 4, we can observe the approximately even gaps between adjacent BLER curves. 
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Figure 4 BLER performance for different CQI based on fixed 32Byte
Figure 5 shows the SNR difference between the CQI entries at target BLER of 10%, 0.1% and 0.001%. In Figure 5, each point represents an SNR interval between adjacent CQI at target BLER. And using 2 dB as the baseline of SNR interval, the wave extent around the baseline for the evaluated SNR interval can be observed in Figure 5. Based on the observations, it can be found that these SNR difference basically meet the requirement of 2 dB step except the space between CQI index 3 and 4 in the current 64QAM table, i.e. QPSK with code rate x1024 of 193 and 308. 
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Figure 5 SNR space between adjacent CQI at target BLER
Therefore, according to the simulation results, it can be demonstrated that the target BLER of 0.1% and 0.001% are feasible for URLLC CQI. For the detail of CQI table, modulation mode, code rate and spectral efficiency need to be further studied. 
Proposal4: The two target BLER can be defined as 0.1% and 0.001%.
3. MCS table
Corresponding to CQI table, the MCS table for URLLC should support up to 64QAM modulation and consist of all the CQI entries and the interpolation between adjacent CQI entries. The design of URLLC MCS table can refer to the current DL 64QAM MCS table of eMBB. In URLLC MCS table, at least one lower code rate, e.g. QPSK with code rate x 1024 of 40, is introduced in order to achieve high reliability for some extreme use cases. Meanwhile, MCS levels with high modulation order and high code rate can be removed, e.g. MCS 27 and 28 in the current DL 64QAM MCS table. 
Proposal5: Introduce MCS entries with lower code rates to achieve high reliability, e.g. code rate x 1024 of 40.
4. Conclusion

In this contribution, we discuss the design of CQI table and MCS table for URLLC. And the following proposals are given:

Proposal1: URLLC should support up to 64QAM modulation.
Proposal2: QPSK with code rate x 1024 of 40 can be applied as the minimum CQI for URLLC.
Proposal3: High modulation order with high code rate can be eliminated in URLLC CQI table.
Proposal4: The two target BLER can be defined as 0.1% and 0.001%.
Proposal5: Introduce MCS entries with lower code rates to achieve high reliability, e.g. code rate x 1024 of 40.
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