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Introduction
In this contribution we share our views regarding the selection of the two BLER targets for CQI reporting in URLLC and we discuss techniques to be considered for NR URLLC PDSCH. 
In RAN1#92, the following agreements were reached [1]:
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)
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: 
a) 666/1024 * 6
b) 772/1024 * 6
c) 873/1024 * 6
d) 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: 
a) 666/1024 * 6
b) 772/1024 * 6
c) 873/1024 * 6
d) 948/1024 * 6 
Agreement:
Only single transport block (i.e., a single CW) transmission is supported for URLLC in Rel-15.
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

In this contribution, we share our views regarding the design of the CQI and MCS tables for URLLC.
CQI Design
BLER Targets
In NR URLLC, it was agreed that two BLER targets will be supported. The main motivation behind this decision is to support multiple URLLC services which may require different reliability and latency requirements. Also, using two BLER targets will allow for spectrally efficient adaptive retransmission schemes. E.g the asymmetric HARQ scheme [2] allows for a very spectrally efficient initial transmission targeting higher BLER target and much more reliable retransmissions but less spectrally efficient, targeting lower BLER target. This allows to meet the best compromise between latency/reliability requirements and resource usage efficiency.
However, the UE implementation complexity will increase by supporting two different BLER targets in addition to the eMBB 10-1 BLER target. Supporting one common BLER target between eMBB and URLLC permit to alleviate the complexity on the UE implementation, reduce the CSI overhead and simplify the scheduling at the gNodeB side by allowing easier eMBB and URLLC multiplexing. Also, it will allow for the eMBB CSI reports to be exploited by the gNodeB for URLLC scheduling which is very convenient from system perspective.
Observation 1: 10-1 BLER target should be supported because it allows for reducing the complexity at the UE side and reduce the CSI overhead while minimizing the specifications effort wrt. eMBB. 
Regarding the second BLER target, ultra-reliability is needed and 10-5 should be supported to enable the single shot transmission. The single shot transmission needs to be supported especially when it is unlikely to carry out multiple transmissions and where the latency requirements cannot be met otherwise. More motivation for the single shot transmission scheme is provided in the next sub-section.
Observation 2:  One of the two BLER-targets for URLLC should be configured to 10-5 to allow for the single shot transmission to be supported.
The candidate BLER target option should take into account all the above considerations.
Proposal 1: The two BLER targets that are configurable for URLLC are: Option B. (10-1, 10-5)
Necessity of Single Shot Transmission
Assuming a HARQ-based (re-)transmissions and calculating the maximum number of possible (re-)transmissions based on the two PDSCH processing time capability #1 (Table 5.3-1 in 38.214) and using the following 1ms latency constraint: 

Where 
·  is the number of OFDM symbol in the slot/mini-slot
·  is the UE PDSCH processing time in terms of number of symbols ()
·  is the gNodeB processing time in terms of number of symbols and is assumed equal to 2.
·  is the maximum number of possible (re-)transmissions satisfying the 1ms latency constraint.






Table 1:   for processing capability 1 w/o additional DMRS.
	SCS
(kHz)
	15
	15
	15
	15
	30
	30
	30
	30
	60
	60
	60
	60
	120
	120
	120
	120

	
	2
	4
	7
	14
	2
	4
	7
	14
	2
	4
	7
	14
	2
	4
	7
	14

	
	1
	1
	0
	0
	1
	1
	1
	2
	2
	2
	2
	1
	5
	4
	4
	3



Table 2:   for processing capability 1 with additional DMRS.
	SCS
(kHz)
	15
	15
	15
	15
	30
	30
	30
	30
	60
	60
	60
	60
	120
	120
	120
	120

	
	2
	4
	7
	14
	2
	4
	7
	14
	2
	4
	7
	14
	2
	4
	7
	14

	
	0
	0
	0
	0
	1
	1
	1
	1
	2
	2
	2
	1
	4
	4
	3
	3



Note that the CP length was not accounted for in the tables above and accounting for CP length will restrict even more the maximum number of possible (re-)transmissions .
Hence, the reasons to support a single shot transmission are mainly to accommodate:
· 30 kHz SCS for UEs with processing time capability #1 and additional DMRS
· 60 kHz SCS with slot-based transmission for UEs with processing time capability #1
· 15 kHz SCS when no additional DMRS used.
The tables above consider only the already-agreed processing times capability #1. The processing times capability #2 are not agreed yet and even when using the numbers provided temporarily in Table 5.3-2 in 38.214, we can still observe the need for a single shot transmission for 15 kHz and 30kHz especially with additional DMRS.

Although the single shot transmission will suffer from low spectral efficiency, it allows for the best possible latency performance. And to meet the reliability requirement, it is also very important that the code rate of the lowest MCS is sufficiently low to achieve reliability target with a single-shot transmission.
Also, in time varying interference scenarios and in fading channels, it will be difficult to achieve high reliability with a one-shot transmission. Hence, reliability improvement is needed for the signal shot and many mechanisms could be explored for this purpose like repetitions in the frequency domain and low latency CSI reporting.
 Proposal 2: Single Shot transmission should be supported (in addition to HARQ based or repetitions schemes) to enable URLLC for multiple use cases for 30 kHz and 15kH. 
Proposal 3: Single Shot should be taken into consideration in the MCS/CQI Table design.
Proposal 4: Legacy eMBB 64-QAM CQI and MCS tables are to be used as a starting point for the URLLC MCS/CQI tables for the 10-1   BLER target.
The 15 kHz SCS should be supported for URLLC to allow for better coverage and larger cell sizes thanks to the 4.69 us CP length. Moreover, not considering 15 kHz in the design means delaying the deployment of URLLC as more base stations will be needed for SCS 30/60 kHz because of their smaller CP length. Also, in an initial stage, LTE and NR would likely use the same location for base stations.

Proposal 5:  15k Hz SCS should be supported for URLLC to allow for better coverage and larger cell sizes

Highest Spectral Efficiency for CQI Table
Table 3 shows the 64-QAM eMBB CQI table (Table 5.2.2.1-2 of 38.214 [3]), which is sufficient as a starting point for the design of the CQI table for URLLC. The eMBB table is assuming a 10% BLER target for the HARQ operation. A uniform SNR step was used between adjacent CQI index entries. The same concept could be similarly applied to URLLC using instead 10-5 as BLER target.
[bookmark: _Ref506218526]Table 3: eMBB 4-bit CQI Table
	CQI index
	modulation
	code rate x 1024
	efficiency
	required SNR (dB) for BLER 10-1
	required SNR (dB) for BLER 10-5

	0
	out of range
	
	

	1
	QPSK
	78
	0.1523
	-7.8105
	-6.2067

	2
	QPSK
	120
	0.2344
	-5.9272
	-4.3236

	3
	QPSK
	193
	0.3770
	-3.8867
	-2.3019

	4
	QPSK
	308
	0.6016
	-1.5000
	0.3202

	5
	QPSK
	449
	0.8770
	0.6568
	2.3702

	6
	QPSK
	602
	1.1758
	2.6037
	4.3417

	7
	16QAM
	378
	1.4766
	4.4136
	6.6330

	8
	16QAM
	490
	1.9141
	6.3486
	8.6495

	9
	16QAM
	616
	2.4063
	8.3206
	10.3584

	10
	64QAM
	466
	2.7305
	10.1663
	12.6060

	11
	64QAM
	567
	3.3223
	12.1521
	14.6330

	12
	64QAM
	666
	3.9023
	14.2660
	16.6776

	13
	64QAM
	772
	4.5234
	16.1879
	18.8584

	14
	64QAM
	873
	5.1152
	18.2700
	21.3021

	15
	64QAM
	948
	5.5547
	20.6282
	24.8348



The last two columns in Table 3 are the required SNR (dB) for achieving BLER 10-1 and 10-5, respectively. These values of the required SNR are obtained from Figure 1. The simulation settings are AWGN channel, LDPC BG2 channel coding, 1Tx and 2Rx. The payload size in the simulation is fixed to 256 bits. 
[image: cid:image001.png@01D3CC02.5D92D0A0]
[bookmark: _Ref510603369]Figure 1: BLER performance of different CQI indices.
 It is obvious that the highest eMBB spectral efficiency 5.5547 cannot be achieved if we assume the highest SNR of URLLC can be supported as the same of eMBB. Therefore, the highest spectral efficiency supported by URLLC can be 5.1152 and the highest CQI index 15 can be removed in URLLC. 
Proposal 6: The highest CQI index 15 can be removed in URLLC from the 64-QAM eMBB CQI table
CQI Table for URLLC
The lowest operating SINR is set by convention to the 5th percentile of DL geometry SINR from system-level simulations (SLS). The 5th percentile SINR is adopted for URLLC for LTE to be equal to -2.6dB. 
For URLLC, ITU has defined a test environment Macro Urban - URLLC [5]. In RAN#79 meeting, the calibration results for IMT-2020 self-evaluation were approved [6]. Table 1 in Appendix summarizes the simulation results from different companies (rounded to two decimal places). Considering the robustness, we set the SINR target to be the worst reported SINR rounded down to one decimal place. That is, we set the SINR target as -3.1dB for carrier frequency 4GHz and as -3.0dB for carrier frequency 700MHz.
Observation 3: From IMT-2020 self-evaluation results, 5 percentile SINR target can be set as -3.1dB for carrier frequency 4GHz and as -3.0dB for carrier frequency 700MHz.
The required SNR at BLER target 10-5  for CQI index 1 is -6.2dB which is largely below the SINR 5th percentile target of -3dB. The margin seems reasonable even when accounting for the fading channel effect. But to ensure robustness, one additional CQI index (additional 2dB SNR step) can be added to operate at even lower effective code rate with a reduced efficiency
Proposal 7: One additional CQI index can be added to operate at lower effective code rate.
The new URLLC CQI Table will be as shown in Table 4 below:
[bookmark: _Ref510694792][bookmark: _Ref510694796]Table 4: URLLC proposed 4-bit CQI Table
	New CQI Index
	Legacy CQI index
	modulation
	code rate x 1024
	efficiency

	0
	0
	out of range

	1
	
	QPSK
	
	

	2
	1
	QPSK
	78
	0.1523

	3
	2
	QPSK
	120
	0.2344

	4
	3
	QPSK
	193
	0.3770

	5
	4
	QPSK
	308
	0.6016

	6
	5
	QPSK
	449
	0.8770

	7
	6
	QPSK
	602
	1.1758

	8
	7
	16QAM
	378
	1.4766

	9
	8
	16QAM
	490
	1.9141

	10
	9
	16QAM
	616
	2.4063

	11
	10
	64QAM
	466
	2.7305

	12
	11
	64QAM
	567
	3.3223

	13
	12
	64QAM
	666
	3.9023

	14
	13
	64QAM
	772
	4.5234

	15
	14
	64QAM
	873
	5.1152

	
	15
	64QAM
	948
	5.5547



Proposal 8: Highest spectral efficiency in the CQI table is : Option C : 873/1024 * 6

MCS Design
Highest Spectral Efficiency for MCS Table
As shown in subsection 2.3, the highest spectral efficiency to be supported is 5.1152. Hence, at least MCS index 27 and 28 should be removed from MCS table (Table 5 : Table 5.1.3.1-1 of 38.214 [3]). 
 
[bookmark: _Ref510614368][bookmark: _Ref510614362]Table 5: eMBB MCS index table 1 for PDSCH
	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate R x [1024]

	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



Proposal 9: The MCS index 27 and 28 should be removed in URLLC from the 64-QAM eMBB MCS table.

MCS Table for URLLC
The 64-QAM eMBB MCS table (Table 5 : Table 5.1.3.1-1 of 38.214 [3]) is sufficient as a starting point for the design of the MCS table for URLLC. 
The MCS table could be constructed based on the CQI table defined in section 2 and adopting the similar approach as described in [4]. The CQI table is an indication of the preferred MCS range to be used in DL and it is natural to use the entries of the CQI table as part of the MCS table and build on that to design more MCS entries. As highlighted in section 3, we can target more robustness by adding some MCS indexes with low code rates because of the very low targeted BLER. 
Observation 4: Low code rates are needed in the MCS table to meet the reliability requirement.
Proposal 10: MCS tables for URLLC include lower code rates than the eMBB MCS tables to meet the stringent reliability requirement.
[bookmark: _GoBack]Compact DCI is also needed to improve the robustness and the reliability of the DL control channel. Reducing the DCI payload leads to lower code rate for the DL control channel and allows for performance gain [7]. Limiting the set of used MCSs is very relevant for URLLC and allows to reduce the number of bits used for the MCS signalling in the DCI.
Observation 5: Compact DCI should be considered for MCS tables sizes. 
Proposal 11:  Limit the size of the MCS tables for URLLC to 4 bits.
One idea to reduce the MCS table size from 5 to 4 bits is to use the same CQI Table proposed in section 3 as the URLLC MCS table with some minor changes: 
· CQI 0 is not needed in the MCS table and can be removed 
· CQI 14 and CQI 12 can be removed 
· Three reserved MCS indexes are added to the table. 
The motivation behind removing the CQIs at the top of the table and not at the bottom is that the top is not very critical from reliability perspective compared to the bottom. 
The new URLLC MCS Table will be as shown in Table 6 below:

[bookmark: _Ref510699900]Table 6 : URLLC proposed 4-bit MCS Table
	New MCS  Index
	Legacy CQI index
	modulation
	code rate x 1024
	efficiency

	
	0
	out of range

	1
	
	QPSK
	
	

	2
	1
	QPSK
	78
	0.1523

	3
	2
	QPSK
	120
	0.2344

	4
	3
	QPSK
	193
	0.3770

	5
	4
	QPSK
	308
	0.6016

	6
	5
	QPSK
	449
	0.8770

	7
	6
	QPSK
	602
	1.1758

	8
	7
	16QAM
	378
	1.4766

	9
	8
	16QAM
	490
	1.9141

	10
	9
	16QAM
	616
	2.4063

	11
	10
	64QAM
	466
	2.7305

	12
	11
	64QAM
	567
	3.3223

	
	12
	64QAM
	666
	3.9023

	13
	13
	64QAM
	772
	4.5234

	
	14
	64QAM
	873
	5.1152

	
	15
	64QAM
	948
	5.5547

	14
	
	QPSK
	reserved

	15
	
	16QAM
	reserved

	16
	
	64QAM
	reserved



Proposal 12:  Highest spectral efficiency in the MCS table is Option B: 772/1024 * 6

LDPC Codes for URLLC
LDPC Base graph #2 has the benefit of lower decoding latency and processing time. Therefore, LDPC Base graph #2 can be the appropriate candidate coding scheme for URLLC. Also, sharing one agreed coding scheme for eMBB and URLLC can ease the implementation complexity and effort for UE and gNB and also shorten the standardization process.
Base graph #2 may be used for block lengths of 32B and code rates R>2/3, but it is not optimized for this particular range of code rates. Therefore, it is preferable to limit the code rate to R ≤ 2/3 for the design of the MCS and the CQI tables for URLLC. 
In Table 6, we reduced the number of MCS indexes with R>2/3 to only one MCS index.
Proposal 13: LDPC Base graph #2 with a maximum CR of 2/3 should be the candidate for URLLC channel coding scheme. 

Conclusion
In this contribution, we discussed some aspects of the selection of the two BLER targets for CQI reporting in URLLC and we discussed techniques to be considered for NR URLLC PDSCH. We make the following observations and proposals:
Observation 1: 10-1 BLER target should be supported because it allows for reducing the complexity at the UE side and reduce the CSI overhead while minimizing the specifications effort wrt. eMBB. 
Observation 2:  One of the two BLER-targets for URLLC should be configured to 10-5 to allow for the single shot transmission to be supported.
Observation 3: From IMT-2020 self-evaluation results, 5 percentile SINR target can be set as -3.1dB for carrier frequency 4GHz and as -3.0dB for carrier frequency 700MHz.
Observation 4: Low code rates are needed in the MCS table to meet the reliability requirement.
Observation 5: Compact DCI should be considered for MCS tables sizes. 

Proposal 1: The two BLER targets that are configurable for URLLC are: Option B. (10-1, 10-5)
Proposal 2: Single Shot transmission should be supported (in addition to HARQ based or repetitions schemes) to enable URLLC for multiple use cases for 30 kHz and 15kH. 
Proposal 3: Single Shot should be taken into consideration in the MCS/CQI Table design.
Proposal 4: Legacy eMBB 64-QAM CQI and MCS tables are to be used as a starting point for the URLLC MCS/CQI tables for the 10-1   BLER target.
Proposal 5:  15k Hz SCS should be supported for URLLC to allow for better coverage and larger cell sizes
Proposal 6: The highest CQI index 15 can be removed in URLLC from the 64-QAM eMBB CQI table

Proposal 7: One additional CQI index can be added to operate at lower effective code rate.
Proposal 8: Highest spectral efficiency in the CQI table is : Option C : 873/1024 * 6
Proposal 9: The MCS index 27 and 28 should be removed in URLLC from the 64-QAM eMBB MCS table.
Proposal 10: MCS tables for URLLC include lower code rates than the eMBB MCS tables to meet the stringent reliability requirement.
Proposal 11:  Limit the size of the MCS tables for URLLC to 4 bits.
Proposal 12:  Highest spectral efficiency in the MCS table is Option B: 772/1024 * 6
Proposal 13: LDPC Base graph #2 with a maximum CR of 2/3 should be the candidate for URLLC channel coding scheme. 
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Appendix



Table 1: Calibration results of 5th percentile of DL geometry SINR for Macro Urban - URLLC
	Company
	5th percentile of DL geometry SINR (dB)

	
	Configuration A (4GHz)
	Configuration B (700MHz)

	
	Model A
	Model B
	Model A 
	Model B

	Huawei
	-2.59
	-2.34
	-2.61
	-2.56

	CATT
	-2.42
	-2.48
	-2.36
	-2.45

	CATR
	-2.31
	-1.84
	-1.76
	-1.79

	OPPO
	-2.52
	-2.48
	-2.34
	-2.50

	ZTE
	-2.90
	-2.09
	-2.99
	-2.06

	ITRI
	-2.37
	-2.07
	-2.09
	-2.11

	Ericsson
	-1.81
	-2.13
	-1.97
	-2.18

	Intel
	-2.23
	-2.03
	-2.07
	-2.08

	Qualcomm
	N.A.
	-2.54
	N.A.
	-1.83

	NTT DOCOMO
	N.A.
	-2.13
	N.A.
	-2.25

	MediaTek
	-2.17
	-2.15
	-1.95
	-1.85

	CMCC
	-2.39
	-2.24
	-2.20
	-2.14

	LG
	-2.32
	-2.20
	-2.15
	-2.24

	Sharp
	-2.85
	-2.61
	-2.66
	-2.62

	Motorola/Lenovo
	-2.72
	-2.22
	-2.37
	-2.17

	Nokia
	-2.91
	-3.05
	-2.47
	N.A.

	NEC
	-2.61
	-2.07
	-2.14
	-2.65

	Mean
	-2.48
	-2.27
	-2.27
	-2.22
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