[image: image8.png]EsNO for 1e-2

155

145

135

125

MCS sim,BG1&BG2,50iter,BP
T T T

[——BG1 64QAM Rate=0.56
—o—BG2 64QAM Rate=0.56
|~ BG1 16QAM Rate=0.84
6 BG2 16QAM Rate=0.84

500

1000

1500 2000 2500 3000 3500
code length

4000



3GPP TSG RAN WG1 Ad Hoc Meeting
R1-1800096
Vancouver, Canada, January 22nd - 26th, 2018
Agenda Item:
7.2.2.5
Source:
Huawei, HiSilicon
Title:
Summary of remaining details of CQI and MCS design
Document for:
Discussion and decision 
1 Introduction
For CQI design, in RAN1#91 [1], the following agreements were achieved:
Working Assumption: Reuse the LTE CQI table for maximum modulation order of 256 QAM for eMBB
Table 1 - 4-bit CQI Table for 256 - QAM

	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK 
	78 
	0.1523 

	2
	QPSK 
	193 
	0.3770 

	3
	QPSK 
	449 
	0.8770 

	4
	16QAM 
	378 
	1.4766 

	5
	16QAM 
	490 
	1.9141 

	6
	16QAM 
	616 
	2.4063 

	7
	64QAM 
	466 
	2.7305 

	8
	64QAM 
	567 
	3.3223 

	9
	64QAM 
	666 
	3.9023 

	10
	64QAM 
	772 
	4.5234 

	11
	64QAM 
	873 
	5.1152 

	12
	256QAM 
	711 
	5.5547 

	13
	256QAM 
	797 
	6.2266

	14
	256QAM 
	885 
	6.9141

	15
	256QAM 
	948 
	7.4063 


Working Assumption: Reuse the LTE MCS table for PDSCH for modulation schemes up to 64 QAM and 256 QAM with code rate changed to [x 1024] as shown in Tables 2 and 3
· These tables apply for eMBB
Table 2 - Modulation and code rate table for PDSCH with max modulation order 64QAM with code rate [x1024]

	MCS Index
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× 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
	

	31
	6
	


Table 3 - Modulation and code rate table for PDSCH with max modulation order 256 QAM with code rate [x1024]

	MCS
	Mod
	Code rate
× 1024
	Spectral
efficiency

	0
	2
	120
	0.2344

	1
	2
	193
	0.3770

	2
	2
	308
	0.6016

	3
	2
	449
	0.8770

	4
	2
	602
	1.1758

	5
	4
	378
	1.4766

	6
	4
	434
	1.6953

	7
	4
	490
	1.9141

	8
	4
	553
	2.1602

	9
	4
	616
	2.4063

	10
	4
	658
	2.5703

	11
	6
	466
	2.7305

	12
	6
	517
	3.0293

	13
	6
	567
	3.3223

	14
	6
	616
	3.6094

	15
	6
	666
	3.9023

	16
	6
	719
	4.2129

	17
	6
	772
	4.5234

	18
	6
	822
	4.8164

	19
	6
	873
	5.1152

	20
	8
	682.5
	5.3320

	21
	8
	711
	5.5547

	22
	8
	754
	5.8906

	23
	8
	797
	6.2266

	24
	8
	841
	6.5703

	25
	8
	885
	6.9141

	26
	8
	916.5
	7.1602

	27
	8
	948
	7.4063

	28
	2
	reserved

	29
	4
	

	30
	6
	

	31
	8
	


In this contribution, we continue to discuss the possible corrections and proposals for CQI and MCS design.
2 Details of CQI design
In the last meetings, LTE CQI tables of 64 QAM and 256 QAM including spectral efficiency and modulation order are agreed to be reused in NR.
In LTE the Turbo codes are applied while NR adopted LDPC for eMBB data channel, and the bit-level interleaver is also changed from sub-block interleaver to a rectangular interleaver. The characteristics and performance of these two codes may be different when combining with QAM symbols, which also impact the design of CQI/MCS tables. Concretely, when modulation order switches, the performance difference of the two codes results in different switch point. 

For example, if we fix spectral efficiency of one particular CQI entry, and check the performance of the combinations of [high modulation order + low code rate] and [low modulation order + high code rate], we may find that Turbo prefers low code rate and high modulation order, while NR-LDPC prefers higher code rate and lower modulation order. 

We may conclude that the modulation combined with SE (or code rate) defined in LTE CQI table may not be appropriate for NR-LDPC design.

To verify the modulation order defined in LTE CQI table, we launched a simulation with following parameters:

-
NR-LDPC BG: BG1, BG2

-
Decoding algorithm: BP with 50 iterations

-
Channel model: AWGN

-
Interleaver: bit-interleaver defined in previous agreements

-
Modulation: QPSK, 16-QAM, 64-QAM

The aim of the simulation is to verify whether the modulation order & rate combinations defined in LTE-CQI table still provide the best performance.
Performance issues are found for the following indices, as labelled in Table 4 and 5:
· CQI index 7 for LTE-CQI table of 64-QAM (same for index 4 of LTE-CQI table of 256-QAM)

· [16-QAM, rate 0.36] (LTE original) is inferior to [QPSK, rate 0.72] for at most 1 dB for both BG1 and BG2, especially for CBS<200 bits. For large CBS, the gap is decreased to 0.2 dB.

· Considering low latency benefits from higher code rate for NR-LDPC, QPSK should be selected for this CQI entry.
· CQI index 10 for LTE-CQI table of 64-QAM (same for index 7 of LTE-CQI table of 256-QAM)

· [64-QAM, rate 0.46] (LTE original) is inferior to [16-QAM, rate 0.68] for at least 1 dB for both BG1 and BG2.

· 16-QAM should be selected for this CQI entry.
· CQI index 11 for LTE-CQI table of 64-QAM (same for index 8 of LTE-CQI table of 256-QAM)

· [64-QAM, rate 0.56] (LTE original) is inferior to [16-QAM, rate 0.84] for about 0.4 dB for both BG1 and BG2.

· Considering low latency benefits from higher code rate for NR-LDPC, 16-QAM is preferred for this CQI entry. 
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Figure 1 Performance comparison between [64-QAM, rate 0.46] and [16-QAM, rate 0.68]
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Figure 2 Performance comparison between [16-QAM, rate 0.36] and [QPSK, rate 0.72]
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Figure 3 Performance comparison between [64-QAM, rate 0.56] and [16-QAM, rate 0.84]
Table 4 Corrected CQI table of 64-QAM

	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

QPSK
	378
753
	1.4766

	8
	16QAM
	490
	1.9141

	9
	16QAM
	616
	2.4063

	10
	64QAM 16QAM
	466
699


	2.7305

	11
	64QAM

16QAM
	567
851
	3.3223

	12
	64QAM
	666
	3.9023

	13
	64QAM
	772
	4.5234

	14
	64QAM
	873
	5.1152

	15
	64QAM
	948
	5.5547


Table 5 Corrected CQI table of 256-QAM

	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK 
	78 
	0.1523 

	2
	QPSK 
	193 
	0.3770 

	3
	QPSK 
	449 
	0.8770 

	4
	16QAM 
QPSK
	378
753 
	1.4766 

	5
	16QAM 
	490 
	1.9141 

	6
	16QAM 
	616 
	2.4063 

	7
	64QAM
16QAM 
	466
699 
	2.7305 

	8
	64QAM 
16QAM
	567
851 
	3.3223 

	9
	64QAM 
	666 
	3.9023 

	10
	64QAM 
	772 
	4.5234 

	11
	64QAM 
	873 
	5.1152 

	12
	256QAM 
	711 
	5.5547 

	13
	256QAM 
	797 
	6.2266

	14
	256QAM 
	885 
	6.9141

	15
	256QAM 
	948 
	7.4063 


Based on the simulation results and the analysis, the following proposal can be reached.
Proposal 1: To accommodate LDPC coding, the CQI tables are modified as shown in Table 4 and 5.

With this change, the corresponding entries in MCS tables for CP-OFDM with the similar spectral efficiencies should be modified accordingly. 
Proposal 2: Consider refining the MCS tables due to the performance difference between LDPC and turbo codes.  
3 Conclusions

In this contribution, we have the following proposals:
Proposal 1: To accommodate LDPC coding, the CQI tables are modified as shown in Table 4 and 5.
Proposal 2: Consider refining the MCS tables due to the performance difference between LDPC and turbo codes. 
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