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The design of CQI and MCS tables for URLLC has been extensively discussed in RAN1 meetings #92 and #92bis [1], [2]. Much progress has been made after the discussions. 
For CSI reporting, the two BLER targets have been agreed [2] to be  and . There are two CQI tables for URLLC CSI reporting, each corresponding to a separate BLER target. The CQI table corresponding to the BLER target of reuses the existing 64QAM CQI table [3]. A new CQI table corresponding to the BLER target of  is to be designed. The simulation assumptions for the new CQI table were provided [2].
In this contribution, we propose a detailed design of the new CQI table. The performance evaluation of our proposed CQI table is provided. Subsequently, we propose a detailed design of the MCS tables and related configuration signaling. 
Discussion
CQI table for URLLC
It was agreed [2] that two BLER targets  are supported for URLLC data transmissions. Two CQI tables will be used for URLLC CSI reporting, each CQI table corresponding to a separate BLER target. The CQI table corresponding to the BLER target of  reuses the existing 64QAM CQI table [3]. The entries of the new CQI table corresponding to the BLER target of  have not been decided. However, some design principles of this CQI table have been agreed [2]. 
1. For CSI reporting, the CQI field is 4-bits, which implies the new CQI table has at most 16 entries, including the out of range entry.
2. The lowest spectral efficiency entry of the CQI table is no less than 30/1024 *2 (QPSK).
3. The highest spectral efficiency entry of the CQI table is no more than 772/1024*6 (64QAM).
4. Consider using approximately equally spaced SNR values and consider using existing CQI entries when applicable.
Besides the design principles of the new CQI table, the simulation assumptions for the new CQI table were provided [2]. Specifically, the payload of 32 bytes and fading channels of (TDL-A, 30 ns) or (TDL-C, 300 ns) will be used in the simulations. Other simulation assumptions follow the agreements in [1] are shown in the Appendix. 
Based on the above design principles, we propose the follow CQI table (i.e., Table 1). Comparing to the existing 64QAM CQI table [3], we insert two new low spectral efficiency entries (marked in red) and reuse most of the entries in the existing 64QAM CQI table.
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	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
	772
	4.5234



The lowest spectral efficiency CQI entry is introduced to ensure highly 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 occupy a large amount of radio resources. The code rate of this CQI entry is one quarter of the code rate of the second CQI entry in the existing 64QAM CQI table (i.e., 120/1024), which provides a repetition through lower code rate. Furthermore, we observe from the following simulations that this CQI entry provides a good equal-spaced SNR separation, together with another low spectral efficiency CQI entry of 50/1024*2. 
We simulate the low spectral efficiency entries in our proposed CQI table, using the agreed assumptions in the Appendix as a baseline. The simulation settings differing from the agreed assumptions are specified in the “Notes” column of the table in the Appendix.
Figure 1 shows the BLER performance in a TDL-C channel model with 300 ns delay spread. In the simulations, the PDSCH DMRS are mapped to physical resources according to configuration type 1 and PDSCH mapping type A is applied. For the given payload of 32 bytes and a simulated code rate, a total of 11 OFDM symbols is used, where the PDSCH DMRS are mapped to 2 OFDM symbols. Ideal channel estimation is used in the simulations. We simulate the code rates 30/1024, 50/1024, 78/1024, 116/1024 and 192/1024. Note that the selection of the code rate 116/1024, rather than 120/1024, is made to fit the available resource blocks. 
It can be seen from Figure 1 that the SNR separations between code rates 30/1024, 50/1024, 78/1024 and 116/1024 are approximately equal (about 2.4 dB) at the BLER level . 
Figure 2 shows the BLER performance in a TDL-C channel model with 300ns delay spread. Except for realistic channel estimation, the other simulation settings for Figure 2 are identical to those used for Figure 1. It can be seen from Figure 2 that the SNR separations between code rates 30/1024, 50/1024, 78/1024 and 116/1024 are also approximately equal (about 2.3 dB) at the BLER level .
Figure 3 and Figure 4 show the BLER performance in a TDL-A channel model with 30ns delay spread with ideal channel estimation and realistic channel estimation, respectively. All the other settings are identical to those used for Figure 1. Overall, the SNR separations between two neighbor code rates are approximately equal at the BLER level .
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[bookmark: _Ref513714850]Figure 1: BLER performance of CQI entries on TDL-C channel model with 300 ns delay spread and ideal channel estimation
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[bookmark: _Ref513733562]Figure 2: BLER performance of CQI entries on TDL-C channel model with 300 ns delay spread and realistic channel estimation
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[bookmark: _Ref513730952]Figure 3: BLER performance of CQI entries on TDL-A channel model with 30 ns delay spread and ideal channel estimation
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[bookmark: _Ref513732177]Figure 4: BLER performance of CQI entries on TDL-A channel model with 30 ns delay spread and realistic channel estimation

Based on the above observations, we have the following proposal:
Proposal 1: Adopt Table 1 as the CQI table for URLLC, corresponding to the BLER target of . 

MCS table for URLLC
For an NR eMBB scenario, the entries in a MCS table depend on the entries in the corresponding CQI table. Specifically, all the entries except for the lowest spectral efficiency entry in a CQI table are contained in the corresponding MCS table. Additional entries are inserted between every two neighbor CQI entries in the MCS table. The reuse of the CQI entries in the MCS table facilitates scheduling. Additional entries in MCS tables allow higher spectral resolution scheduling. 
Since the URLLC CQI table for the BLER target of  reuses the existing eMBB 64QAM CQI table, it is logical to reuse the same eMBB 64QAM MCS table (i.e., Table 5.1.3.1-1 in [3]) for URLLC with the BLER target of .
Proposal 2: Reuse the 64QAM MCS table in [3] for URLLC with the BLER target of .
Next, we propose our design of the MCS table corresponding to the CQI table for the BLER target of . We think a mechanism similar to that used for eMBB could be applied for URLLC, i.e., reusing the entries in CQI table and inserting additional entries between every two neighbor CQI entries. 
We propose the following MCS table (i.e., Table 2) for URLLC with the BLER target of . Our design rules are described below.
Since the high spectral efficiency entries in our proposed CQI table (i.e., CQI indices 3-15 in Table 1) are identical to those in the existing 64QAM CQI table, we could adopt most of the high spectral efficiency entries in the existing 64QAM MCS table in the new MCS table. 
The newly introduced entries in our proposed CQI table (i.e., CQI indices 1 and 2 in Table 1) could be directly adopted in the new MCS table. Note that the lowest spectral efficiency entry in our proposed CQI table may be included in the new MCS table, which is beneficial for the one-shot transmission.
To provide higher resolution in the low SNR region, we propose to insert a new MCS entry between every two neighbor CQI entries in Table 1. The determination of these new entries is based on the principle of good equal-spaced SNR separation at the target BLER of . It can be seen from Figures 5-8 that the entries 39/1024 *2, 61/1024*2, 97/1024*2 provide approximately equally spaced SNR separation.
The above design will cause the number of entries in the new MCS table to exceed 32. To maintain the 5-bit MCS field in DCI, we remove two entries from the existing 64QAM MCS table, i.e., 340/1024*4 and 438/1024*6, as these two entries do not have significant spectral efficiency gap with other MCS entries. The newly introduced entries, i.e., those not in the existing 64	QAM MCS table, are marked in red in Table 2.
We simulate the low spectral efficiency entries in our proposed MCS table, using the same assumptions as those for CQI table simulations. 
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	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	0
	2
	30
	0.0586

	1
	2
	39
	0.0762

	2
	2
	50
	0.0977

	3
	2
	61
	0.1191

	4
	2
	78
	0.1523

	5
	2
	97
	0.1895

	6
	2
	120
	0.2344

	7
	2
	157
	0.3066

	8
	2
	193
	0.3770

	9
	2
	251
	0.4902

	10
	2
	308
	0.6016

	11
	2
	379
	0.7402

	12
	2
	449
	0.8770

	13
	2
	526
	1.0273

	14
	2
	602
	1.1758

	15
	2
	679
	1.3262

	16
	4
	378
	1.4766

	17
	4
	434
	1.6953

	18
	4
	490
	1.9141

	19
	4
	553
	2.1602

	20
	4
	616
	2.4063

	21
	4
	658
	2.5703

	22
	6
	466
	2.7305

	23
	6
	517
	3.0293

	24
	6
	567
	3.3223

	25
	6
	616
	3.6094

	26
	6
	666
	3.9023

	27
	6
	719
	4.2129

	28
	6
	772
	4.5234

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved



Figure 5 shows the BLER performance in a TDL-C channel model with 300 ns delay spread, with the identical simulation settings as Figure 1.We simulate the code rates 30/1024, 39/1024, 50/1024, 61/1024, 78/1024, 97/1024, 116/1024 and 192/1024. It can be seen from Figure 5 that the SNR separations between code rates 30/1024, 39/1024, 50/1024, 61/1024, 78/1024, 97/1024 and 116/1024 are approximately equal (about 1.2 dB) at the BLER level . 
Figure 6 shows the BLER performance in a TDL-C channel model with 300 ns delay spread. Except for realistic channel estimation, the other simulation settings for Figure 6 are identical to those used for Figure 5. It can be seen from Figure 6 that the SNR separations between code rates 30/1024, 39/1024, 50/1024, 61/1024, 78/1024, 97/1024 and 116/1024 are also approximately equal (about 1.2 dB) at the BLER level . 
Figure 7 and Figure 8 show the BLER performance in a TDL-A channel model with 30ns delay spread with ideal channel estimation and realistic channel estimation, respectively. All the other settings are identical to those used for Figure 5. Overall, the SNR separations between two neighbor code rates are approximately equal at the BLER level .
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[bookmark: _Ref513733115]Figure 5: BLER performance of MCS entries on TDL-C channel model with 300 ns delay spread and ideal channel estimation[image: ]
[bookmark: _Ref513734199]Figure 6: BLER performance of MCS entries on TDL-C channel model with 300 ns delay spread and realistic channel estimation
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[bookmark: _Ref513734009]Figure 7: BLER performance of MCS entries on TDL-A channel model with 30 ns delay spread and ideal channel estimation
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[bookmark: _Ref513734020]Figure 8: BLER performance of MCS entries on TDL-A channel model with 30 ns delay spread and realistic channel estimation

Based on the above observations, we have the following proposal:
Proposal 3: Adopt Table 2 as the MCS table for URLLC with the BLER target of .

Configuration Signaling
Two BLER targets are supported for URLLC. RRC signaling is used by gNB to select one of the two target BLER and the configuration of the target BLER or CQI table is part of CSI report setting. Since the BLER target is associated with the CQI table, the selected CQI table used for CSI reporting could be implicitly indicated by the configured BLER target. Multiple CSI report settings can be configured for a serving cell (as part of the CSI-MeasConfig IE) and each CSI report can be independently configured with a BLER target. It is possible that CSI reporting for more than one BLER target can be supported based on the current framework. By dynamically triggering different CSI reports, the CQI table used in CSI reports may be dynamically switched. This is useful for a UE receiving data with different reliability requirements (e.g. eMBB and URLLC), and/or in the case of fast varying channel conditions.
With the possible dynamic switching between two different CQI tables used in CSI reports, it would be beneficial to have the capability to indicate (or switch) a MCS table corresponding to a certain BLER target on a dynamic basis. For eMBB, a MCS table can be configured semi-statically for each BWP (between 64QAM and 256QAM). This approach is thus not desirable for switching between MCS tables corresponding to different BLER targets. To support truly dynamic indication of the MCS table, one of the following options could for example be considered: 1). Indicating the MCS table in a field of DCI; 2). Configuring the MCS table on a coreset basis or a search space basis. 

Proposal 4: Dynamic indication of the MCS table or of its corresponding BLER target is supported. 

Conclusion
In this contribution, we discussed the design of the new URLLC CQI table for the BLER target of 10^-5. We also discussed the design of the URLLC MCS tables. Our proposals are as follows: 
Proposal 1: Adopt Table 1 as the CQI table for URLLC, corresponding to the BLER target of . 
Proposal 2: Reuse the 64QAM MCS table in [3] for URLLC with the BLER target of .
Proposal 3: Adopt Table 2 as the MCS table for URLLC with the BLER target of .
Proposal 4: Dynamic indication of the MCS table or of its corresponding BLER target is supported. 
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Appendix: Agreed Link-Level Simulation Assumptions [1]

	Parameters
	Value
	Notes

	DCI payload (excluding 24bits CRC)
	40bits, 30bits, 24bits (optional)  
	256bits used for PDSCH

	System bandwidth
	20MHz
	

	Carrier Frequency
	4GHz, 700MHz
	4 GHz used

	Number of symbols for CORESET
	1, 2, 3
	N/A

	CORESET BW (contiguous PRB allocation)
	20MHz, 10MHz (optional for PDCCH repetition in frequency)
	N/A

	Subcarrier spacing
	30KHz, other SCS are not precluded
	30 KHz used

	Aggregation level
	Compact DCI study: 8, 16. (1,2,4 are optional)
PDCCH repetition study (40bits): 4, 8, 16
	N/A

	Transmission type
	Interleaved
	N/A

	REG bundling size
	6
	N/A

	Modulation 
	QPSK
	

	Channel coding
	Polar code (DCI)
	LDPC code

	Transmission scheme
	1-port precoder cycling
	Fixed precoder used

	Channel estimation
	Realistic
	Ideal and 2DMMSE used

	Channel model
	TDL-A (delay spread: 30ns)
TDL-C (delay spread: 300ns) 
TDL-B (delay spread 100ns) (optional)
	TDL-A (delay spread: 30 ns)
TDL-C (delay spread 300 ns)

	UE speed
	3 km/h
	

	Number of BS antennas
	2Tx
	

	Number of UE antennas
	4Rx for 4G, 2Rx for 700MHz
	

	Residual target BLER 
	10^-5
	Applied to one-shot Tx

	Deployment
	Urban macro as listed in 3GPP 38.802
	

	SINR target
	Compact DCI study: 5th percentile DL geometry
PDCCH Repetition study: look at link curves directly
	






image3.emf
-20 -15 -10 -5 0 5 10 15 20

SNR (dB)

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

BLER, PDSCH (MappingTypeA, ConfigType1, L=11, 2 DMRS Sym) - TDL30A3

CR30, QPSK, Ideal

CR50, QPSK, Ideal

CR78, QPSK, Ideal

CR116, QPSK, Ideal

CR193, QPSK, Ideal


image4.emf
-20 -15 -10 -5 0 5 10 15 20

SNR (dB)

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

BLER, PDSCH (MappingTypeA, ConfigType1, L=11, 2 DMRS Sym) - TDL30A3

CR30, QPSK, Realistic

CR50, QPSK, Realistic

CR78, QPSK, Realistic

CR116, QPSK, Realistic

CR193, QPSK, Realistic


image5.emf
-20 -15 -10 -5 0 5 10 15 20

SNR (dB)

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

BLER, PDSCH (MappingTypeA, ConfigType1, L=11, 2 DMRS Sym) - TDL300C3

CR30, QPSK, Ideal

CR39, QPSK, Ideal

CR50, QPSK, Ideal

CR61, QPSK, Ideal

CR78, QPSK, Ideal

CR97, QPSK, Ideal

CR116, QPSK, Ideal

CR193, QPSK, Ideal


image6.emf
-20 -15 -10 -5 0 5 10 15 20

SNR (dB)

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

BLER, PDSCH (MappingTypeA, ConfigType1, L=11, 2 DMRS Sym) - TDL300C3

CR30, QPSK, Realistic

CR39, QPSK, Realistic

CR50, QPSK, Realistic

CR61, QPSK, Realistic

CR78, QPSK, Realistic

CR97, QPSK, Realistic

CR116, QPSK, Realistic

CR193, QPSK, Realistic


image7.emf
-20 -15 -10 -5 0 5 10 15 20

SNR (dB)

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

BLER, PDSCH (MappingTypeA, ConfigType1, L=11, 2 DMRS Sym) - TDL30A3

CR30, QPSK, Ideal

CR39, QPSK, Ideal

CR50, QPSK, Ideal

CR61, QPSK, Ideal

CR78, QPSK, Ideal

CR97, QPSK, Ideal

CR116, QPSK, Ideal

CR193, QPSK, Ideal


image8.emf
-20 -15 -10 -5 0 5 10 15 20

SNR (dB)

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

BLER, PDSCH (MappingTypeA, ConfigType1, L=11, 2 DMRS Sym) - TDL30A3

CR30, QPSK, Realistic

CR39, QPSK, Realistic

CR50, QPSK, Realistic

CR61, QPSK, Realistic

CR78, QPSK, Realistic

CR97, QPSK, Realistic

CR116, QPSK, Realistic

CR193, QPSK, Realistic


image1.emf
-20 -15 -10 -5 0 5 10 15 20

SNR (dB)

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

BLER, PDSCH (MappingTypeA, ConfigType1, L=11, 2 DMRS Sym) - TDL300C3

CR30, QPSK, Ideal

CR50, QPSK, Ideal

CR78, QPSK, Ideal

CR116, QPSK, Ideal

CR193, QPSK, Ideal


image2.emf
-20 -15 -10 -5 0 5 10 15 20

SNR (dB)

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

BLER, PDSCH (MappingTypeA, ConfigType1, L=11, 2 DMRS Sym) - TDL300C3

CR30, QPSK, Realistic

CR50, QPSK, Realistic

CR78, QPSK, Realistic

CR116, QPSK, Realistic

CR193, QPSK, Realistic


