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In the RAN1#92bis meeting, MCS/CQI tables for URLLC Rel-15 were discussed and the following agreements and notes were included in [1].
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 the CQI and MCS table design for URLLC. 
CQI table for URLLC
Lowest SE entry 
Based on the agreement in the last meeting, we derive the lowest SE entry by link evaluation. From [2] and [3], we obtain the SNR at 5% geometry from system level simulations, as shown in Table 1. There are different SNR values based on different simulation assumptions. 
Table 1 SNR value at 5% geometry
	
	Based on IMT-2020 self-evaluation system simulation assumption [2]
	Based on 3GPP system simulation assumption [3]

	SNR value 
at 5% geometry
	-2.5dB
	-4dB


With the simulation assumptions shown in Appendix A, the SE performance are provided in Figure 1. It can be observed that, for achieving the 1e-5 BLER, the lowest SE entries would be about 30/1024*2 at above -4dB and about 36/1024*2 at above -2.5dB. The lowest spectral efficiency in CQI/MCS tables with 1e-5 BLER target is important for URLLC, due to the tight requirement on latency, URLLC transmission should support a single transmission as it cannot fully rely on HARQ transmission.  Considering the SNR values in Table 1 and the uncertainty of the channel conditions in actual scheduling, it is reasonable to adopt  30/1024*2 as the lowest entry in the CQI table with target BLER 1e-5.
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Figure 1. SE entry performance at target BLER= 1e-5
Proposal 1: Adopt 30/1024*2 as the lowest SE entry in the CQI table with target BLER 1e-5 for URLLC.
CQI table design
For the CQI table design, similar to the discussion in LTE, a polynomial approximation can be performed for spectral efficiency vs. SNR based on link level evaluations. For each modulation order, a set of waterfall curves (BLER vs. SNR) can be obtained for a range of TBS sizes assuming a fixed number of PRB allocation. The polynomial fit is performed to obtain a fitted function, i.e., efficiency = f (SNR). For each waterfall curve, the SNR values for different coding rates at 1e-5 BLER are extracted. The CQI table can be generated by sampling over a given SINR range based on the fitted function. 
Following the described methodology, we provide simulation results to design CQI tables for URLLC. The simulation assumptions are provided in Appendix B. The granularity for payload size is 8 bits, which is fine enough to obtain a precise polynomial approximation since one byte of MCS PDU is the minimum data unit. The payload size range is [24:8:1000] for QPSK, [824:8:2072] for 16QAM and [1608:8:3288] for 64QAM. With the simulation assumptions in Appendix B, a total of 576 available REs are used in the data transmission. Figure 2 shows the evaluation results of spectral efficiency (SE) performance. 
  [image: ]
Figure 2. SE performance at target BLER= 1e-5
The results in Figure 2 are used to fit the curves into 10-order polynomials. The lower bound of the SNR range is obtained according to the target BLER=1e-5 curve at code rate of 30/1024 as in Section 2.1. The upper bound of the SNR range is obtained based on the previous agreement at code rate of 772/1024. Then, the SNR range is evenly divided into 14 parts, which give 15 boundary SNR points. The code rates and SEs at these boundary SNR points are calculated using the above mentioned polynomials. A modulation order with the highest SE is chosen at each boundary SNR point to complete the CQI table. 
The described procedure is shown in Table 6 of Appendix B, where target BLER=1e-5 is used. Besides, if the new derived SE value is close to one SE value in the eMBB CQI table, the SE of the eMBB CQI table can be used into the new CQI table to simplify specification impact and implementation complexity. Following the above design procedure, a CQI table with target BLER of 1e-5 is provided. Table 2(a) is the CQI table obtained with equal SNR spacing between the lowest 30/1024*2 SE and the highest 772/1024*6 SE. Table 2(b) is the same as Table 2(a) besides the two entries marked in red which are taken from the eMBB CQI table.


Table 2 CQI table at target BLER 1e-5 
[image: ]                                     [image: ]
Table 2(a) Equal SNR spacing from						Table 2(b) Red marked entries from eMBB  
30/1024*2 SE to 772/1024*6 SE.                                            		  CQI table.
 Proposal 2: Adopt Table 2(b) as the CQI table with target BLER 1e-5 for URLLC.
MCS table for URLLC
[bookmark: OLE_LINK479][bookmark: OLE_LINK480]Considering the variety of channel conditions and reliability requirements, the conservative MCS selection with lower coding rate for URLLC may be more frequently used than for eMBB. Then, the lower coding rate should be included in the URLLC MCS table. For example, if the UE reports CQI index 1, which is the lowest coding rate of the CQI table, gNB should support to schedule the lower coding rate of CQI index 1 for 1e-5 target BLER. From a spectral efficiency aspect, higher MCS levels are useful for URLLC UE with good channel conditions, and also larger TBS with high reliability and low latency requirement may exist in the future. The higher MCS levels should then be supported to improve spectral efficiency. Hence, considering reliability and spectral efficiency for URLLC traffic, the MCS table should include all the valid entries in the CQI table. 
Proposal 3: The MCS table should include all the valid entries in the CQI table with target BLER 1e-5.
The MCS table for URLLC should allow a good scheduling flexibility and fully benefit from the UE supporting two target BLER CQI tables. Designing a 5-bit MCS table helps to achieve these goals. 
Proposal 4: A 5-bit MCS table should be supported for URLLC.
It is not preferable to reconfigure the URLLC MCS table for a different target BLER by high layer signaling. A fast AMC is beneficial based on low latency CQI scheme [4]. A single MCS table corresponding to the two BLER CQI tables is sufficient, so that the gNB can dynamically choose the appropriate BLER to MCS indication based on the current channel condition, system resource and scheduling strategy.  Therefore, only one new MCS table should be supported for URLLC.
Proposal 5: One MCS table is supported for URLLC.
The MCS table is designed according to the following principles:
· No reserved entries. The reserved entries don’t make sense in NR especially for URLLC because
TBS for retransmission depends on the DCI for initial transmission which will introduce additional high reliability requirement on both DCIs for initial transmission and retransmission.  The reserved entries would not be included in the URLLC MCS table. 
· Use entries from both CQI tables. Although all 15 entries from the 1e-5 BLER target CQI table could be reused to guarantee high reliability and some of the entries for SE higher than 772/1024*6 from the 1e-1 BLER target CQI table could be used for high spectral efficiency, some entries from each of the two CQI table can be selected while achieving good granularity for SE and covering the needed range. 
· One MCS entry when changing modulation. In the eMBB MCS table, there are two entries when changing modulation: the two entries have the same SE but different modulations. Under the limited MCS bit field, the URLLC MCS table would only include one MCS entry between different modulations since having more SE values in the table improves the spectral efficiency.
A 5-bit MCS table is given in Table 3. 
Table 3 MCS table for URLLC
	Index 
	Modulation
	Code Rate
	Spectral Efficiency

	0
	2
	30
	0.0586

	1
	2
	48
	0.0938

	2
	2
	66
	0.1289

	3
	2
	93
	0.1816

	4
	2
	120
	0.2344

	5
	2
	157
	0.3066

	6
	2
	193
	0.377

	7
	2
	243
	0.4746

	8
	2
	293
	0.5723

	9
	2
	360
	0.7031

	10
	2
	427
	0.834

	11
	2
	505
	0.9863

	12
	2
	583
	1.1387

	13
	2
	640
	1.25

	14
	4
	348
	1.3594

	15
	4
	407
	1.5898

	16
	4
	466
	1.8203

	17
	4
	526
	2.0547

	18
	4
	586
	2.2891

	19
	4
	615
	2.4023

	20
	6
	429
	2.5137

	21
	6
	476
	2.7891

	22
	6
	523
	3.0645

	23
	6
	574
	3.3633

	24
	6
	625
	3.6621

	25
	6
	668
	3.9141

	26
	6
	711
	4.166

	27
	6
	742
	4.3477

	28
	6
	772
	4.5234

	29
	6
	822
	4.8164

	30
	6
	873
	5.1152

	31
	6
	910
	5.332


Proposal 6: Adopt Table 3 as the MCS table for URLLC.
[bookmark: _Ref129681832]Conclusions
In this contribution, we discussed the CQI table and the MCS table for URLLC scenario. Simulation results are used to find the relation between SNR and SE/code rate. We propose the following: 
Proposal 1: Adopt 30/1024*2 as the lowest SE entry in the CQI table with target BLER 1e-5 for URLLC.
Proposal 2: Adopt Table 2(b) as the CQI table with target BLER 1e-5 for URLLC.
Proposal 3: The MCS table should include all the valid entries in the CQI table with target BLER 1e-5.
Proposal 4: A 5-bit MCS table should be supported for URLLC.
Proposal 5: One MCS table is supported for URLLC.
Proposal 6: Adopt Table 3 as the MCS table for URLLC.
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Appendix A
Table 4 Simulation assumptions for Lowest SE entry
	Parameters
	Value

	TB size
	32 bytes

	Code Rate
	30:5:75/1024

	System bandwidth
	20MHz

	Carrier Frequency
	700MHz

	Number of symbols per TTI
	7

	Number of symbols for CORESET
	1

	Subcarrier spacing
	30KHz

	Modulation 
	QPSK, 16QAM, 64QAM

	Channel coding
	LDPC BG2

	Channel estimation
	Ideal

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

	UE speed
	3 km/h

	Number of BS antennas
	2Tx

	Number of UE antennas
	2Rx

	Residual target BLER 
	10^-5



Appendix B
Table 5 Simulation assumptions for URLLC CQI table 
	Parameters
	Value

	Overhead of reference signals
	0

	The symbol number of PDSCH and control signaling
	PDSCH and DM-RS symbols is 12 symbols, the first 2 OFDM symbol is occupied by control signaling

	RB number
	PRB number is 4

	Target BLER
	1e-5

	Antenna configuration 
	1T1R

	Channel model
	AWGN

	HARQ
	Single transmission only

	RV
	0

	CRC
	24bits

	Minimum coding rate
	30/1024

	Maximum coding rate
	[bookmark: _GoBack]772/1024

	Efficiency
	Bit per RE



Table 6 The procedure for 1e-5 BLER CQI table 
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