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1 Introduction

One of the specific URLLC related features that was agreed during the Rel.15 NR work item is introduction of URLLC-specific CQI tables and two BLER targets for CQI reporting. Furthermore, in RAN1 92, four candidate options for pair of BLER targets are listed. CQI and MCS tables are to be finalized upon deciding which BLER targets are supported for CQI reporting. Several candidates for bounds on maximum and minimum spectral efficiency points were also identified for design of new CQI and/or MCS tables. 
	Agreement:

· N separate CQI table(s) are supported for URLLC

· Downselect 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 
Agreements:

· The two BLER targets for CQI reporting that are configurable for URLLC are to be down-selected from one of the following options:

· Option A. (10-1, 10-4)

· Option B. (10-1, 10-5)

· Option C. (10-3, 10-5) 

· Option D. (10-2, 10-4)

· Companies are encouraged to consider the following when performing evaluations for down-selection of BLER targets for CQI reporting, e.g., 

· Resource efficiency: e.g., number of RE occupied, probability of blocking

· Feasibility of UE producing accurate CQI estimation for CQI reporting. Each company can provide views from their perspective. Assume existing definition of CSI reference resource.

· The distance in SNR (dB) between the two target is sufficient to generate distinct CQI in typical operation.

· UE complexity of being able to generate CQI report for 3 BLER targets  (e.g., Option (C) and (D) in certain cases) vs 2 BLER targets (Option (A) and (B))

· achieved latency

Conclusion:

· Regarding the number of CQI table to define for URLLC, finalize after the two BLER targets values for CQI reporting are agreed

Agreements:

· For new CQI table and MCS table constructed specifically for URLLC, 256QAM is not included.

· Lowest spectral efficiency in any/all CQI table is not lower than 30/1024 * 2 (QPSK)

· Highest spectral efficiency in any/all CQI table is not greater than a value, where the value is selected from one of the following: 

· 666/1024 * 6

· 772/1024 * 6

· 873/1024 * 6

· 948/1024 * 6 

· Lowest spectral efficiency in any/all MCS table is not lower than 30/1024 * 2.

· Highest spectral efficiency in any/all MCS table is not greater than a value, where the value is selected from the following: 

· 666/1024 * 6

· 772/1024 * 6

· 873/1024 * 6

· 948/1024 * 6 




In this contribution, we discuss preferred option for the BLER targets for CQI reporting. Next, we discuss design of CQI and MCS tables and recommended values for minimum and maximum spectral efficiency points. We conclude by discussing possible configuration and signaling options for CQI and MCS table.  Other companion URLLC papers can be found in [1-3].
2 Discussion

2.1 Target BLER selection for CQI reporting
Two target BLERs are proposed for URLLC so that both one shot and HARQ-based transmission can be supported for URLLC. For one shot transmission, 10-5 BLER target can be used whereas for HARQ-based transmission, gNB may choose MCS so that residual BLER of one transmission reaches 10-3, assuming one retransmission is possible within 1ms. However, operation at 10-3 BLER target by the gNB may not necessitate the UE to report CQI feedback at the same BLER target of 10-3. Below, we discuss that UE can be configured with either of 10-1 or 10-5BLER target, and based on the configured BLER target, gNB can choose MCS if operation at any other intermediate BLER target such as 10-3 is needed.
Below, in Figure 1, we show the required SNR to reach different BLER targets for the CQI values in legacy CQI table (cf. Table 1). As can be seen, SNR separation for BLER targets 10-1, 10-2, and 10-3is quite close. Hence, accurate CQI feedback may be problematic if 10-3 BLER target is configured in addition to 10-1, due to lack of separation in SNR for the BLER targets. In Appendix, we show link adaptation performance for BLER targets 10-1 and 10-3, and observe that residual BLER performance of one shot transmission is comparable. Moreover, if the UE is configured with 10-5 BLER target, however, gNB wants to operate at 10-3, it can exploit the SNR offset (equivalent to an offset of code rate) between two target BLERs in choosing the MCS for subsequent scheduled transmission, cf. Figure 1. In later section we discuss independent MCS table configuration facilitates flexible operation and resource allocation for a desired BLER target, which may be different from the configured BLER target. 
Moreover, UE complexity grows for reporting CQI for multiple BLER targets. Note that if multiple CSI processes are configured for a UE, each CSI process may have its own configured BLER target. Configuring a UE with more than two BLER targets requires increased processing time and complexity. 

It is well known that resource efficiency increases with HARQ transmission, hence very low BLER target may not result in high resource efficiency and may cause blocking at some times. However, for a UE at edge of the cell, when multiple HARQ transmission is not possible, operation at low BLER target is necessary so that desired reliability can be achieved with one shot transmission by choosing a very low code rate. Hence, support of very low BLER such as 10-5 BLER target is necessary to address wide range of UE geometry.  
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Figure 1: AWGN SNR points for different BLER targets for legacy CQI table

Proposal 1

· Select 10% and 0.001% (1e-1, 1e-5) as configurable BLER targets for CQI reporting targeting URLLC use cases
2.2 CQI Table Design
As discussed in the previous section, URLLC may still use the legacy 64QAM CQI table for CQI reporting based on 10-1 BLER target. 
                                               Table 1: Legacy CQI Table (64QAM): Table 5.2.2.1-2: Specification 38.214
	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


The UE supporting URLLC services may also transmit/receive eMBB packets. Moreover, if the gNB wants to operate at an intermediate BLER target such as 10-3, it may do so by adjusting MCS based on the CQI reported by the UE. Hence, we propose that only one CQI table optimized for the lowest (i.e. second) BLER target is specified while the higher BLER target is associated with the legacy CQI table for 64QAM.

Proposal 2

· Single separate CQI table is defined for the second (i.e. lowest) BLER target while the legacy 64QAM CQI table is reused for the first (i.e. higher) BLER target

Now, we discuss CQI table design for 10-5 BLER target. The minimum SE point of legacy CQI table may not be optimal for URLLC operation at very low BLER target such as 10-5. One lower SE point can be used so that 10-5 transmission reliability can be achieved at the same or lower SNR operating point corresponding to the CQI index 1 of legacy table. Multiple low SE points below the minimum SE supported in the legacy CQI table may not be needed. Too low SE point would require large resource allocation which may not be applicable in many practical scenarios. Hence, we propose that legacy CQI table for 64QAM can be revised by appending a low SE point and removing the highest SE point, i.e., 5.5547.
In Fig. 2, we observe from DL SINR CDF curve that 5% CDF point is found around -3dB in typical UMa scenario assumed for URLLC operation. Hence, we assume that minimum SE point preferably be realized around -3dB or below. Below in Fig. 3, we show performance over TDL-C channel with Nrx = 2, Ntx = 2, speed = 3km/hr, Delay spread = 300ns, and observe that minimum SE point of 0.1523 in legacy table may require SNR larger than -3 dB at the receiver. Based on the evaluation in Fig. 3, we observe CR = 50/1024 or below may be used so that the SNR required is at least below –3dB.
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Figure 2: 5% CDF SNR point, assuming URLLC UMa scenario.

[image: image4.emf]-7 -6 -5 -4 -3 -2

SNR (dB)

10

-6

10

-5

10

-4

10

-3

10

-2

10

-1

B

L

E

R

TDL-C 

CR = 40/1024, SE = 0.0781

CR = 50/1024, SE = 0.0977

CR = 60/1024, SE = 0.1172

CR = 78/1024, SE = 0.1523


Figure 3: BLER v SNR for various low SE points for TDL-C channel.
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Figure 4: AWGN BLER v SNR for various low SE points.

From Fig. 4, we observe that CR = 50/1024 provides similar SNR step to the next CQI value, as between CQI 1 and CQI 2 of legacy table at BLER 10-5. This would also ensure that CQI index 1 corresponding to BLER target 10‑1 and BLER target 10-5 indicates distinct MCS keeping SNR separation almost the same as legacy CQI values in AWGN curves. 
Table 2: Proposed CQI Table for 10-5 BLER target
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	50
	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
	64QAM
	466
	2.7305

	12
	64QAM
	567
	3.3223

	13
	64QAM
	666
	3.9023

	14
	64QAM
	772
	4.5234

	15
	64QAM
	873
	5.1152


Proposal 3
· Minimum SE point in the new CQI table designed specifically for URLLC is 50 * 2/1024. 

· Maximum SE point in the new CQI table designed specifically for URLLC for 64 QAM table is 873 * 6/1024
Proposal 4
· Adopt Table 2 of current document for CQI table designed for configured BLER 10-5
2.3 MCS Table Design

We propose that new MCS table can be derived based on CQI table corresponding to the configured BLER target 10-5. Legacy MCS table does not use minimum SE point of the CQI table, as can be seen below in Table 3. 

Table 3: Table 5.1.3.1-1: MCS index table 1 for PDSCH (38.214)
	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate x [1024]
R
	Spectral
efficiency

	0
	2
	120
	0.2344

	1
	2
	157
	0.3066

	2
	2
	193
	0.3770

	3
	2
	251
	0.4902

	4
	2
	308
	0.6016

	5
	2
	379
	0.7402

	6
	2
	449
	0.8770

	7
	2
	526
	1.0273

	8
	2
	602
	1.1758

	9
	2
	679
	1.3262

	10
	4
	340
	1.3281

	11
	4
	378
	1.4766

	12
	4
	434
	1.6953

	13
	4
	490
	1.9141

	14
	4
	553
	2.1602

	15
	4
	616
	2.4063

	16
	4
	658
	2.5703

	17
	6
	438
	2.5664

	18
	6
	466
	2.7305

	19
	6
	517
	3.0293

	20
	6
	567
	3.3223

	21
	6
	616
	3.6094

	22
	6
	666
	3.9023

	23
	6
	719
	4.2129

	24
	6
	772
	4.5234

	25
	6
	822
	4.8164

	26
	6
	873
	5.1152

	27
	6
	910
	5.3320

	28
	6
	948
	5.5547

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved


It should be noted, that currently specified minimum MCS value corresponding to code-rate 120/1024 and QPSK modulation may not provide the target reliability assuming single-shot transmission. We propose that the new MCS table provides similar range of spectral efficiency points as the CQI table with additional interpolated entries. MCS 0 can start from CQI index 1 so that lowest possible SE point is available for selection for PDSCH scheduling. We propose to reuse the legacy MCS table for the remaining entries until the indices for reserved entries are reached. The Table is provided below:
Table 4: Proposed new MCS table for URLLC
	MCS Index

	Modulation Order
 
	Target code Rate x [1024]

	Spectral

efficiency

	0
	2
	50
	0.0781

	1
	2
	64
	0.1250

	2
	2
	78
	0.1523

	3
	2
	99
	0.1934

	4
	2
	120
	0.2344

	5
	2
	157
	0.3066

	6
	2
	193
	0.3770

	7
	2
	251
	0.4902

	8
	2
	308
	0.6016

	9
	2
	379
	0.7402

	10
	2
	449
	0.8770

	11
	2
	526
	1.0273

	12
	2
	602
	1.1758

	13
	2
	679
	1.3262

	14
	4
	340
	1.3281

	15
	4
	378
	1.4766

	16
	4
	434
	1.6953

	17
	4
	490
	1.9141

	18
	4
	553
	2.1602

	19
	4
	616
	2.4063

	20
	4
	658
	2.5703

	21
	6
	438
	2.5664

	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


Proposal 5
· Adopt Table 4 of current document as the MCS table designed specifically for URLLC 
· Minimum SE point of MCS table designed specifically for URLLC is 50 * 2 /1024
· Maximum SE point of MCS table designed specifically for URLLC is 772 * 6 /1024
2.4 Configuration Signaling for BLER target, CQI and MCS tables

We propose that MCS table can be independently configured from the BLER target and CQI table. It not only facilitates independent MCS table selection for UL and DL, but also allows for flexible MCS selection, should the gNB choose to operate at a different BLER target than the configured BLER target. For DL and UL, MCS tables can be configured as part of PDSCH and PUSCH configuration information elements, respectively.
Moreover, the BLER target and a corresponding CQI table for reporting may also be signaled separately especially if the CQI table designed for the lowest BLER supports significantly lower maximum SE value than the legacy one. In that case, if a UE is known to have good channel conditions it can be configured with BLER target 10-5 and the legacy table enjoying possibility to report maximum SE CQI value from the 64QAM table and therefore giving gNB more confidence to use these maximum SE values for scheduling.
Proposal 6
· MCS Table is independently configured from BLER target and CQI Table

· MCS Table for UL and DL can be separately configured

3 Conclusions

In this contribution, suitable BLER targets, new CQI and MCS tables targeting URLLC operation are discussed. The following proposals are made: 
Proposal 1

· Select 10% and 0.001% (1e-1, 1e-5) as configurable BLER targets for CQI reporting targeting URLLC use cases
Proposal 2

· Single separate CQI table is defined for the second (i.e. lowest) BLER target while the legacy 64QAM CQI table is reused for the first (i.e. higher) BLER target

Proposal 3

· Minimum SE point in the new CQI table designed specifically for URLLC is 50 * 2/1024. 

· Maximum SE point in the new CQI table designed specifically for URLLC for 64 QAM table is 873 * 6/1024

Proposal 4
· Adopt Table 2 of current document for CQI table designed for configured BLER 10-5
Proposal 5
· Adopt Table 4 of current document as the MCS table designed specifically for URLLC 
· Minimum SE point of MCS table designed specifically for URLLC is 50 * 2 /1024

· Maximum SE point of MCS table designed specifically for URLLC is 772 * 6 /1024
Proposal 6
· MCS Table is independently configured from BLER target and CQI Table

· MCS Table for UL and DL can be separately configured
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4 Appendix 

In Figure 5, we show residual BLER performance of one shot transmission with link adaptation when CQI is reported for BLER targets 10-1 (10%) and 10-3 (0.1%). Results are observed for different CSI feedback periodicity and Doppler speed. As can be seen below, performance is very close which may attributed to the fact that distance in SNR is small for the BLER targets and due to the inaccuracy, similar CQI feedback is reported by the UE. Relevant simulation parameters for link level simulation are provided below. 4RBs are assumed where TBS dynamically changes based on link adaptation.
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Figure 5:  Link adaptation performance with CQI reported for 10% and 0.1% BLER target.
	Parameters
	Value

	System bandwidth
	20MHz

	Carrier Frequency
	4GHz

	Subcarrier spacing
	60KHz

	TTI duration
	1 slot

	Channel coding
	LDPC BG 2

	Channel estimation
	Ideal

	Channel model
	TDL-B (delay spread: 200ns)

	UE speed
	3, 120 km/h

	Number of BS antennas
	2Tx

	Number of UE antennas
	1Rx 

	CSI feedback periodicity 
	1ms, 5 ms

	Number of RBs
	4

	Receiver type
	MMSE

	Noise estimation
	Ideal
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