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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN1 #92bis meeting [1], the following agreement was made on two BLER targets supported by URLLC CQI reporting. 
Agreements:
· The two BLER targets that are configurable for URLLC for CSI reporting are:
· Option B. (10-1, 10-5)
· [bookmark: _GoBack]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.

Several other agreements were also made on highest spectral efficiency entries of the CQI tables, the number of tables, and CQI table for BLER target 10-1. 
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.
For BLER target 10-5, the design and evaluation of CQI/MCS tables should use following guidelines. 
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 discuss remaining details of CQI and MCS for BLER target 10-5.
		Discussion
 MCS and CQI table for URLLC 
We have following considerations of designing the entries of the MCS/CQI table. 
· SNR difference between 10-1 and 10-5 BLER targets can be significant in fading channels, where several entries below 120/1024 (lowest entry in 10-1 MCS table) is required when operating with the lower BLER target. 
· Data channel coding scheme in NR has two main base graphs, which cannot be used in combined manner in retransmissions or link adaptation. NR LDPC base graph #2 (BG#2) is used when the TBS <= 292, or 292 < TBS <= 3824 and R <= 2/3, or TBS >= 3824 and R <= ¼. Operating with the lower dimensioned base graph, BG#2, allows UEs to reduce the implementation complexity and lower the latency. 
· Initial and retransmission flexibility of a TBS was considered important when finalizing TBS determination procedure in NR. We do not see any exception in URLLC scenario. 
· BLER versus block size has a significant variation in the lower block size region. As lower TBSs are expected to be used in URLLC, there could be increased concerns related to CQI estimation inaccuracies. For example, scheduled TBS can be different from the TBS derived in the CQI reference resource, and CQI feedback may be not very accurate to be used to decide the MCS of the scheduled transmission. However, this type of inaccuracies can be hard to avoid, but having approximately equally spaced MCS entries could minimize larger variations which may be introduced by an unequally spaced MCS entries.   
· Considering the time left in Release 15, reuse of entries from CQI/MCS table of BLER target 10-1 can be the easier way to finalize the CQI/MCS entries for BLER target 10-5. Also, CQI entries can be reused in the MCS table. This is the case in LTE, and helps the scheduler to use CQI report in the scheduling decisions.

We investigate the MCS and CQI tables as provided in Table 1 and 2, respectively.  
Table 1: MCS table (yellow highlight are reused entries from 10-1 MCS table)
	MCS Index
	Modulation Order
	Target code Rate x [1024]
	Spectral
Efficiency

	IMCS
	 Qm
	R
	

	0
	2
	30
	0.0586

	1
	2
	42
	0.0820

	2
	2
	54
	0.1055

	3
	2
	66
	0.1289

	4
	2
	78
	0.1523

	5
	2
	90
	0.1758

	6
	2
	105
	0.2051

	7
	2
	120
	0.2344

	8
	2
	157
	0.3066

	9
	2
	193
	0.3770

	10
	2
	230
	0.4492

	11
	2
	267
	0.5215

	12
	2
	308
	0.6016

	13
	2
	379
	0.7402

	14
	2
	449
	0.8770

	15
	2
	526
	1.0273

	16
	2
	602
	1.1758

	17
	4
	325
	1.2695

	18
	4
	378
	1.4766

	19
	4
	434
	1.6953

	20
	4
	490
	1.9141

	21
	4
	553
	2.1602

	22
	4
	616
	2.4063

	23
	4
	658
	2.5703

	24
	6
	466
	2.7305

	25
	6
	517
	3.0293

	26
	6
	567
	3.3223

	27
	6
	616
	3.6094

	28
	6
	666
	3.9023

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved



															Table 2: CQI table
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	Out of range

	1
	2
	30
	0.0586

	2
	2
	54
	0.1055

	3
	2
	78
	0.1523

	4
	2
	105
	0.2051

	5
	2
	157
	0.3066

	6
	2
	230
	0.4492

	7
	2
	308
	0.6016

	8
	2
	449
	0.8770

	9
	2
	602
	1.1758

	10
	4
	378
	1.4766

	11
	4
	490
	1.9141

	12
	4
	616
	2.4063

	13
	6
	466
	2.7305

	14
	6
	567
	3.3223

	15
	6
	666
	3.9023



Performance
First, we investigate the BLER performance of MCS table for AWGN channel. We used TBS = 400 and SP decoding with 50 iterations, and results are showed in Figure 1. 
[image: ]
Figure 1: TBS = 400 bits, BLER vs. SNR for AWGN

Observation 1: MCS entries in Table 1 provides smooth variation in spectral efficiency with SNR. 

Next, we evaluate the BLER performance over fading channels. As agreed in RAN1 #92bis, we use fading channel (TDL-C, 300ns) with TBS = 256. We assumed carrier frequency if 3.5 GHz, SCS of 30 kHz, gNB Tx power 30 dBm, UE receiver noise figure 9 dB, and ideal channel estimation. Resource allocation and respective TBS are provided in Appendix 1. For some MCS entries, it is not possible to obtain exact TBS = 256, and we evaluated nearest TBS for those cases. Figure 2 shows the simulation results, where the slight variation of the performance can be observed for TBS not equal to 256. Also, we see that higher order modulation with lower rates has steep slope compared to the lower order modulation with higher rates. 
[image: ]
Figure 2: BLER performance over fading channel.
Observation 2: Slope of the BLER curves at higher order modulation with lower rates are better than lower order modulation with higher rates. 
Based on above analysis, we think Table 1 and 2 are suitable for URLLC with some modifications based on the observation 2. The proposed the MCS and CQI tables are as follows. 
Proposal 1: MCS table for BLER target 10-5 shall be given as,
	MCS Index
	Modulation Order
	Target code Rate x [1024]
	Spectral
Efficiency

	IMCS
	 Qm
	R
	

	0
	2
	30
	0.0586

	1
	2
	42
	0.0820

	2
	2
	54
	0.1055

	3
	2
	66
	0.1289

	4
	2
	78
	0.1523

	5
	2
	90
	0.1758

	6
	2
	105
	0.2051

	7
	2
	120
	0.2344

	8
	2
	157
	0.3066

	9
	2
	193
	0.3770

	10
	2
	230
	0.4492

	11
	2
	267
	0.5215

	12
	2
	308
	0.6016

	13
	2
	379
	0.7402

	14
	2
	449
	0.8770

	15
	2
	526
	1.0273

	16
	4
	301
	1.1758

	17
	4
	325
	1.2695

	18
	4
	378
	1.4766

	19
	4
	434
	1.6953

	20
	4
	490
	1.9141

	21
	4
	553
	2.1602

	22
	4
	616
	2.4063

	23
	6
	438
	2.5664

	24
	6
	466
	2.7305

	25
	6
	517
	3.0293

	26
	6
	567
	3.3223

	27
	6
	616
	3.6094

	28
	6
	666
	3.9023

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved



	Proposal 2: CQI table for BLER target 10-5 shall be given as,
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	Out of range

	1
	2
	30
	0.0586

	2
	2
	54
	0.1055

	3
	2
	78
	0.1523

	4
	2
	105
	0.2051

	5
	2
	157
	0.3066

	6
	2
	230
	0.4492

	7
	2
	308
	0.6016

	8
	2
	449
	0.8770

	9
	4
	301
	1.1758

	10
	4
	378
	1.4766

	11
	4
	490
	1.9141

	12
	4
	616
	2.4063

	13
	6
	466
	2.7305

	14
	6
	567
	3.3223

	15
	6
	666
	3.9023




Conclusions
[bookmark: _Hlk500355486]In this contribution, we discussed the remaining details of URLLC MCS/CQI and we have the following observations and proposals. 
Observation 1: MCS entries in Table 1 provides smooth variation in spectral efficiency with SNR. 
Observation 2: Slope of the BLER curves at higher order modulation with lower rates are better than lower order modulation with higher rates. 
Proposal 1: MCS table for BLER target 10-5 shall be given as,
	MCS Index
	Modulation Order
	Target code Rate x [1024]
	Spectral
Efficiency

	IMCS
	 Qm
	R
	

	0
	2
	30
	0.0586

	1
	2
	42
	0.0820

	2
	2
	54
	0.1055

	3
	2
	66
	0.1289

	4
	2
	78
	0.1523

	5
	2
	90
	0.1758

	6
	2
	105
	0.2051

	7
	2
	120
	0.2344

	8
	2
	157
	0.3066

	9
	2
	193
	0.3770

	10
	2
	230
	0.4492

	11
	2
	267
	0.5215

	12
	2
	308
	0.6016

	13
	2
	379
	0.7402

	14
	2
	449
	0.8770

	15
	2
	526
	1.0273

	16
	4
	301
	1.1758

	17
	4
	325
	1.2695

	18
	4
	378
	1.4766

	19
	4
	434
	1.6953

	20
	4
	490
	1.9141

	21
	4
	553
	2.1602

	22
	4
	616
	2.4063

	23
	6
	438
	2.5664

	24
	6
	466
	2.7305

	25
	6
	517
	3.0293

	26
	6
	567
	3.3223

	27
	6
	616
	3.6094

	28
	6
	666
	3.9023

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved



	Proposal 2: CQI table for BLER target 10-5 shall be given as,
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	Out of range

	1
	2
	30
	0.0586

	2
	2
	54
	0.1055

	3
	2
	78
	0.1523

	4
	2
	105
	0.2051

	5
	2
	157
	0.3066

	6
	2
	230
	0.4492

	7
	2
	308
	0.6016

	8
	2
	449
	0.8770

	9
	4
	301
	1.1758

	10
	4
	378
	1.4766

	11
	4
	490
	1.9141

	12
	4
	616
	2.4063

	13
	6
	466
	2.7305

	14
	6
	567
	3.3223

	15
	6
	666
	3.9023
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Appendix I
(PRB, TBS) evaluated in Figure 2. 
	MCS Index
	Modulation Order
	Target code Rate x [1024]
	Spectral
Efficiency
	#PRB
 
	Sheduled sysmbols without DMRS
 
	TBS
 

	IMCS
	 Qm
	R
	
	
	
	

	0
	2
	30
	0,0586
	30
	12
	256

	1
	2
	42
	0,082
	21
	12
	256

	2
	2
	54
	0,1055
	17
	12
	256

	3
	2
	66
	0,1289
	14
	12
	256

	4
	2
	78
	0,1523
	12
	12
	256

	5
	2
	90
	0,1758
	10
	12
	256

	6
	2
	105
	0,2051
	8
	13
	256

	7
	2
	120
	0,2344
	7
	13
	256

	8
	2
	157
	0,3066
	7
	10
	256

	9
	2
	193
	0,377
	5
	11
	256

	10
	2
	230
	0,4492
	4
	12
	256

	11
	2
	267
	0,5215
	4
	10
	256

	12
	2
	308
	0,6016
	3
	12
	256

	13
	2
	379
	0,7402
	4
	7
	256

	14
	2
	449
	0,877
	2
	10
	256

	15
	2
	526
	1,0273
	3
	7
	256

	16
	2
	602
	1,1758
	2
	9
	256

	17
	4
	325
	1,2695
	2
	9
	272

	18
	4
	378
	1,4766
	2
	7
	256

	19
	4
	434
	1,6953
	1
	13
	272

	20
	4
	490
	1,9141
	1
	11
	256

	21
	4
	553
	2,1602
	1
	10
	256

	22
	4
	616
	2,4063
	1
	9
	256

	23
	4
	658
	2,5703
	1
	9
	272

	24
	6
	466
	2,7305
	1
	8
	256

	25
	6
	517
	3,0293
	1
	7
	256

	26
	6
	567
	3,3223
	1
	7
	272

	27
	6
	616
	3,6094
	1
	6
	256

	28
	6
	666
	3,9023
	1
	6
	288
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