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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN1 #92 meeting, the following agreement was made on BLER targets for CQI reporting. 
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

It was also concluded that the number of CQI tables might depend on the selection of the BLER targets, and that to be decided after the targets are agreed. 
Conclusion:
· Regarding the number of CQI table to define for URLLC, finalize after the two BLER targets values for CQI reporting are agreed
The following agreement was also made in RAN1 #92 meeting to discuss the exact entries in CQI and MCS tables. 
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 

In this contribution, we discuss these remaining details of CQI and MCS for URLLC.
		Discussion
	Two BLER targets for CQI reporting 
As the criteria for down selection of BLER targets, it was agreed to investigate further on resource utilization (URLLC transmissions with single-shot vs. repeated), estimation accuracy of CQI, and the distance in SNR between targets. 
	Resource utilization 
[bookmark: _Hlk510712965]To meet URLLC requirements, i.e., both latency and reliability, repeating the TB (or HARQ retransmission) with much higher target BLER or schedule a single-shot transmission with lower BLER target can be used. Single-shot transmissions may require MCSs with lower SE, and could lead to inefficient resource utilization. To understand the resource utilization of higher and lower MCS indexes, an example for PRB allocation is showed in Table 1 (4-bit MCS table) to obtain TBS = 432 (or the nearest). Here, the TBS determination assumes 13 symbols for PDSCH and DMRS (12 REs/PRB overhead). In the example used,  requires 25 PRBs while repeating  needs 16 PRBs across two transmissions (assuming two repetitions meet the URLLC BLER target). Therefore, one could see a potential resource utilization gain, but to be further evaluated by system level evaluations. However, we see certain issues if URLLC services are only supported with repeated. 
· Repeating the same TBS with different MCSs depend on the flexibility of the MCS table. Table 1 shows the difficulty of finding other MCS indexes to transmit TBS = 432 bits, where not all MCS indexes are available to consider in the repetition. 
· SNR difference between higher and lower BLER targets should be large enough to get benefits of repeated transmissions. For majority of the cases (shown in Figure 1), this may not be the case.  
· Meeting latency requirements can be challenging for repeated transmissions where additional latencies occur in encoding/decoding. 

Overall, it would be good have both repeated and single-shot transmissions for URLLC and decide the target BLER to facilitate both possibilities. In general, repeated modes may operate with larger BLER target (10-2 or 10-3) while single-shot may need lower BLER target (10-5). However, it would be better to discuss aspects of estimation errors prior to down selection.    
Observation 1: Both single-shot and repeated transmission possibilities could be useful for URLLC. 
Table 1: 4-bit MCS table. Example configuration is given for (PRB, TBS) 
	MCS Index
	Modulation Order
	Target code Rate x [1024]
	Spectral
Efficiency
	# PRB
	TBS

	IMCS
	 Qm
	R
	
	
	

	0
	2
	60
	0.1172
	25
	432

	1
	2
	90
	0.1758
	17
	432

	2
	2
	120
	0.2344
	13
	432

	3
	2
	157
	0.3066
	9
	408

	4
	2
	193
	0.3770
	8
	432

	5
	2
	251
	0.4902
	6
	432

	6
	2
	308
	0.6016
	5
	432

	7
	2
	379
	0.7402
	4
	432

	8
	2
	449
	0.8770
	3
	384

	9
	2
	526
	1.0273
	3
	456

	10
	2
	602
	1.1758
	3
	504

	11
	4
	340
	1.3281
	2
	382

	12
	4
	378
	1.4766
	2
	432

	13
	4
	434
	1.6953
	2
	504

	14
	4
	525
	2.0508
	1
	288

	15
	4
	616
	2.4063
	1
	352



	Estimation accuracy of CQI 
When discussing the BLER targets, it is also important to investigate the accuracy of the CQI estimation at the UE. It is well understood that CQI estimation is done for the channel experienced in past which can be different from the channel experienced in the data transmission. Also, there is no other CSI reference resource assumption than the procedure described in Section 5.2.2.1.1 in [1]. It has few assumptions which may not be applicable in the actual data transmission. For example, CSI reference resource has first 2 symbols for control signaling and PDSCH (including DMRS) in remaining 12 symbols. Moreover, no rate matching is assumed, PRB bundling size is always two, other overheads are not considered. This could introduce a mismatch between reported CQI and actual SINR observed at the UE side. 
There are certain implementations based techniques like outer-loop link adaptation where gNB could use to meet the reliability targets of URLLC. Basically, a SNR offset is used to map the CQI to MCS, and offset is adjusted based on ACK/NACK feedback. In general, the same principle can be used when supporting lower BLER targets for URLLC. We think that having reliable estimate is useful than sending CQI for lower BLER targets to the gNB, as gNB can anyways use certain techniques to guarantee the reliability requirements. In options given from A-D, lower BLER targets are 10-4 and 10-5, and we think that 10-4 is a safe choice as gNB could predict other BLER operating points (and adjust MCS over time) when supporting reliability targets of 10-5 or lower. 

Observation 2: CQI estimation may be more accurate at higher BLER targets.  

	Distance in SNR between target BLER 
The target BLER should provide different CQI indices for a given TBS. For example, it is pointless to introduce both 10-1 and 10-2 as BLER targets if the SNRs are close to each other. To see that, we investigate the variation of the BLER performance assuming more realistic assumptions than AWGN. 4-bit MCS entries are evaluated with the resource allocation used in Table 1. The detailed assumptions are provided in Appendix I. It is visible in Figure 1 that SNR operating points varies significantly for different BLER targets for a given MCS entry. The difference between 10-1 and 10-2 is also large enough. Overall, it would be good to get feedback on BLER targets = 10-1, 10-2 and 10-4 when scheduling URLLC services. As explained in the earlier section, prediction techniques will be anyways used by the gNB to guarantee the service requirements.  
[image: ]
Figure 1: 4-bit MCS table. BLER vs. SNR for TDL-C-300ns

As 10-1 is already in the default assumptions for the UE, only two new targets are to be defined for URLLC. 

Proposal 1: The two BLER targets for CQI reporting that are configurable for URLLC are (10-2, 10-4).
MCS table for URLLC 
In RAN1 #92, guidelines on lowest and highest spectral efficiencies in MCS and CQI tables were agreed. In general, the majority of companies believed that eMBB tables should be revised to support URLLC by introducing lower code rates and modulation orders. When selecting the entries of the MCS table for URLLC, it is important to check the coding scheme used in the transmission. LDPC base graph #2 (BG#2) is suitable for lower code rates, and it would be beneficial in terms of decoder implementation if URLLC users can only operate with BG#2. Operating with lower dimensioned base graph allows UEs to reduce the implementation complexity and lower the latency. 
In the proposed 4-bit MCS table in Table 1, we consider modulation order is limited to the 16QAM and code rate to 2/3. Figure 2 shows the BLER performance for TBS = 400 in AWGN channel. As already discussed before, in Figure 1, 20 dB difference is observed between 10-1 and 10-5 BLER targets for high MCS with TDL-C 300ns channel. Therefore, introducing lower code rates is required while removing few higher SE entries which may never be used with lower BLER targets. Additionally, eMBB MCS tables can also be used in URLLC scenario if the transmissions are intended to operate with a higher BLER target. 
[image: ]
Figure 2: 4-bit MCS table. K = 400 bits, BLER vs. SNR for AWGN
Next, we compare 4-bit MCS table with an extended 5-bit MCS table considering maximum modulation order of 64 QAM and code rate limit of 2/3. Table 2 provides the 5-bit MCS table and performance under AWGN is given in Figure 3. 
Table 2: 5-bit 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





[image: ]
Figure 3: 5-bit MCS table. K = 400 bits, BLER vs. SNR for AWGN

When finalizing TBS determination, RAN1 investigated the transmission flexibility, and we think it may be worth checking that for URLLC as well. Figure 4 and 5 compare the flexibility of transmission assuming PDSCH mapping type A. We assumed 12 REs for DMRS and full flexibility in the frequency domain by allowing 1:275 PRB allocations. Figure 4 shows that TBS less than 3840 only uses BG#2 and above that limit, it is shared by both BG#1 and BG#2. As very large TBS may not be that common in URLLC services, we expect that UE would only operate with the BG#2. As seen in the evaluations, there is much better transmission flexibility with the extended MCS table. Introducing entries above 2/3 may reduce the flexibility as that is considered to be the boundary for BG1 and BG2. 
Proposal 2: Highest spectral efficiency in any/all CQI and MCS table is not greater than 666/1024 * 6. 
Proposal 3: 5-bit MCS table proposed in Table 2 shall be used as the MCS table for URLLC.
[image: ]
Figure 4: Transmission flexibility with BG#2

[image: ]
Figure 5: Transmission flexibility with BG#1

	CQI for URLLC
[bookmark: _Hlk510769613]As already discussed, it is important to have an accurate CQI report from the UE and accuracy can be improved by assuming good granularity of SE and a higher number of entries. Considering also on the feedback overhead, we think that 4-bit CQI feedback is reasonable for URLLC. If CQI entries are also used in the MCS table, the scheduler could use CQI report in the scheduling decisions, and this is already the case in LTE. Considering this aspect, we think a straightforward solution is to derive CQI entries from the MCS table.
Proposal 4: CQI table for URLLC shall be defined as follows. 
Table 3: CQI table for URLLC
	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






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: Both single-shot and repeated transmission possibilities could be useful for URLLC. 
Observation 2: CQI estimation may be more accurate at higher BLER targets.  
Proposal 1: The two BLER targets for CQI reporting that are configurable for URLLC are (10-2, 10-4).

Proposal 2: Highest spectral efficiency in any/all CQI and MCS table is not greater than 666/1024 * 6. 

[bookmark: _GoBack]Proposal 3: 5-bit MCS table proposed in Table 2 shall be used as the MCS table for URLLC.
Table 2: 5-bit 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

	9
	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
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Appendix I
Link level simulation parameters for Figure 1: BLER vs SNR for 4-bit MCS table. 

	Parameter
	Description

	Carrier frequency
	3.5 GHz

	Subcarrier spacing
	30 kHz

	(PRB, TBS)
	Based on Table I

	Fading model
	TDL-C-300ns

	PDCCH
	1 symbol

	PDSCH and DMRS
	13 symbols

	DMRS 
	3rd and 11th Symbol. Overhead 12 REs/PRB.

	BS Tx power
	30 dBm

	UE receiver noise figure
	9 dB

	Channel estimation
	Ideal
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