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1 Introduction
For CQI design, in RAN1#90bis [1], the following agreements were achieved:
Agreement:
· Two separate CQI tables are supported for eMBB 

· One for maximum modulation order is 256-QAM

· One for maximum modulation order is 64-QAM

· The target BLER for CQI tables is 10%

· Note: RRC signalling is used by gNB to select one of the above two 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 

Agreement:

· For CQI table of maximum modulation order of 64QAM, the CQI table from LTE Rel-8 is reused

· For CQI table of maximum modulation order of 256QAM, a CQI field size of 4 bits is supported

· FFS on the details of the CQI table

Agreement:

· Two independent CQI fields are supported for WB CQI when two CWs is applied

· Note: Differential WB CQI is not used for the two CWs
In addition, the agreements on MCS are as follows:
Agreement
For NR PDSCH MCS table, support two separate 5 bit tables for 64QAM and 256QAM and RAN1 will strive to reuse as many entries as possible

· The 64QAM MCS table should be default unless the UE is configured to use 256QAM MCS table

· RRC signalling is used to choose between the two MCS tables

Agreement
For NR PUSCH MCS table (in case of CP-OFDM), support two separate 5 bit tables for 64QAM and 256QAM and RAN1 will strive to reuse as many entries as possible

· The 64QAM MCS table should be default unless the UE is configured to use 256QAM MCS table

· RRC signalling is used to choose between the two MCS tables

Agreement
For NR PUSCH MCS table (in case of DFT-s-OFDM), support two separate 5 bit tables for 64QAM and 256QAM and RAN1 will strive to reuse as many entries as possible

· The MCS table will include entries for PI/2 BPSK

· The 64QAM MCS table should be default unless the UE is configured to use 256QAM MCS table

· RRC signalling is used to choose between the two MCS tables

· Note: In the case a UE supports only up to 16QAM, the default table should be used

Agreement

The following fields are used in defining the MCS table: 

MCS index and a corresponding modulation order and target code rate x [1024]

In this contribution, our view of CQI and MCS design are provided.
2 Details of CQI design
In the last meeting, LTE CQI table of 64QAM including spectral efficiency and modulation order is agreed to be reused in NR, as shown in Table 1.
Table 1 LTE CQI table of 64-QAM, referred to Table 7.2.3-1 in [4]
	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


As we know, the Turbo codes are applied for LTE 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, and NR-LDPC prefers higher code rate and lower modulation order. 

In consequence, 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 2:
· 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. 
Table 2 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
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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]
Based on the simulation results and the analysis, the following proposal can be reached.
Proposal 1: Before using the LTE CQI table to NR, the following entries should be modified.
· The modulation and code rate x 1024 of index 7 of NR CQI table for 64-QAM should be QPSK and 753 respectively.
· The modulation and code rate x 1024 of index 10 of NR CQI table for 64-QAM should be 16-QAM and 699 respectively.
· The modulation and code rate x 1024 of index 11 of NR CQI table for 64-QAM should be 16-QAM and 851 respectively.
· If above CQI entries are reused in the tables of 256 QAM, the modulation order correction should be considered.

In LTE, CQI tables are used to define the mapping between CQI index and the modulation and code rate. CQI can be used to report long-term wideband channel quality as well as short-term subband channel quality. In NR, there are several system changes at PHY layer that would impact CQI design. First, more use cases and more antennas elements would generally let UE obtain more diverse SINR for CSI measurement compared to LTE. Secondly, the introduction of short slots would make CQI feedback faster compared to LTE. Finally, multi-panel transmission and more antenna element configuration would introduce large SINR difference between CWs. 
More antenna elements gives higher beamforming gain, thereby improving average SINR for CSI measurement compared to LTE. Meanwhile, more use cases in NR, including eMBB, URLLC　[2], and so on would have their own SINR region to work. For example, the legacy CQI table and transport block size table in LTE are made for a fixed target BLER of 10%. However, URLLC requires high reliability with ultra-low latency, e.g. 99.999% with 1ms. The URLLC use cases cover a wide range of different applications, such as industrial automation, e-health, autonomous driving and so on. Different use cases requires different reliability (e.g., 10-2~10-5) and/or low latency requirements (e.g., 1ms~10ms). Our system simulation results in [2] shows that having target BLER may lead to different system performance. Hence, for eMBB and URLLC(s), different target BLER are needed for designing CQI table. Furthermore, our LLS results in [2] shows that lower code rate less than 0.1 is needed for CQI reporting and downlink transmission to meet URLLC reliability requirement of 99.999% with 1ms. There are two possible CSI reporting enhancement such as the repetition number reporting and low-latency CSI mechanism. 
To achieve a coding rate lower than 0.1, gNB can schedule multiple repetitions within one transmission, which can be aggregated flexibly in time and frequency domain. The BLER of one transmission is around 10% under legacy CQI table. Especially, with the more repetitions are scheduled, the lower actual coding rate and BLER can be achieved. Thus, gNB can control the BLER by different repetition numbers to support different target BLERs of variable URLLC services. However, the repetition number, which is related to the BLER of one short transmission, has an important impact on the reliability and spectrum efficiency performance. Thus, some additional information is needed to help gNB decide a proper repetition number. For example, UE can report a reference repetition number X in addition to one CQI table. 
Low-latency CSI as indicated by its name is mainly used to report the instantaneous channel quality. In [3], a low-latency CSI mechanism is proposed and evaluated. The simulation results show that low-latency CSI scheme can improve the resource efficiency which is critical for the overall URLLC system capacity. Based on the low-latency CSI, the transmit power, MCS and the resource allocation for the subsequent repetitions for the same TB can be dynamically adjusted so that the target BLER can be achieved without compromising resource efficiency too much. The low-latency CSI report could be defined in different ways: a normal CSI or a differential CSI, e.g., based on the difference between the most recent data transmission and a predefined CSI report. The latter one may be beneficial from signaling overhead point of view. As another alternative, the low latency CSI can also be defined as a reference repetition number. Based on the reported repetitions number, the gNB could schedule the repetitions number for the same TB.
The above discussion motivates a certain CSI reporting enhancement with flexibly configured target BLER and low-latency CSI to support multiple URLLC services and achieve high capacity.
Proposal 2: Enhanced CQI reporting with flexibly configured target BLER and low-latency CSI reporting mechanism should be supported.  
To embrace the changes mentioned above, the CQI bit-length and CQI table needs to be revisited. The tradeoff between the number of CQI tables and CQI bit-length should be considered as an important design criteria. Fewer CQI tables with larger CQI bit-length and more CQI tables with smaller CQI bit-length are two potential ways to go. Then, there would be some possible methods to design the CQI table.

Firstly, the agreed different CQI tables can be designed for different target BLER or different services. Legacy CQI table is specifically designed for a target BLER of 10%. As shown in Table 3, different CQI tables based on a series of BLER targets can be further introduced for NR, e.g., for 0.1% BLER. Another example is that legacy CQI table is designed for eMBB UEs and another table can be introduced for URLLC UEs. 
Table 3 Extended CQI table
	CQI index
	BLER @10%
(legacy CQI)
	BLER @1%
	BLER @0.1%

	0
	Modulation00, CR00
	Modulation01, CR01
	Modulation02, CR02

	1
	Modulation10, CR10
	Modulation11, CR11
	Modulation12, CR12

	2
	Modulation20, CR20
	Modulation21, CR21
	Modulation22, CR22

	…
	…
	..
	…

	15
	…
	…
	…


Secondly, although given different channel model or different receiver implementations, the SNR difference may be still within a limited range based on our LLS results [2]. Therefore, in order to reduce signaling overhead, the introduction of CQI differential table for different target BLERs to NR should be considered. Table 4 is one example of differential CQI table corresponding to target BLERs ranging from 1% to 0.001%, assuming reference CQI with a target BLER of 10%. 
Table 4 Differential CQI table assumed 2 bits CQI reporting

	Target BLER

10^(-n)
	CQI differential index 0
	CQI differential index 1
	CQI differential index 2
	CQI differential index 3

	1
	0
	0
	0
	0

	2
	0
	1
	2
	3

	3
	1
	2
	3
	4

	4
	2
	3
	5
	7

	5
	2
	4
	6
	8


3 Details of MCS design
For MCS table design, the following principles should be considered. In terms of various traffic types, such as eMBB and URLLC, different TBS determination methods should be studied for different cases. For example, for URLLC and small package, the values of TBS can be smaller with little granularity and lower code rates. For eMBB and big package, the values of TBS may be bigger with large interval and higher code rates. Consideration of different traffic types with different target code rates, multiple MCS tables can be designed.

Proposal 3: Multiple MCS tables should be considered for different use cases.

In LTE, different MCS tables are applied for uplink and downlink. Unlike LTE, NR support DFT-s-OFDM based waveform complementary to CP-OFDM waveform and DFT-s-OFDM based waveform is targeting for link budget limited cases [3]. Considering the applicable scenarios and modulation orders for different waveform, there will have different MCS tables for DFT-s-OFDM and CP-OFDM. So the difference between uplink and downlink can be reflected by the MCS tables of DFT-s-OFDM. And PDSCH and PUSCH can adopt the same MCS table for 64QAM and 256QAM. In addition, this design can alleviate the speciation efforts and reduce the complexity of implementation.
Proposal 4: For CP-OFDM waveform, PDSCH and PUSCH should adopt the same MCS table.
Except the above principle, more MCS table design principles could be found in [5]. Based on the design principles, two examples of MCS tables are provide in Table 5 and Table 6 for 64 QAM and 256 QAM with CP-OFDM, respectively. Considering the balance between SE and SNR, more examples of MCS tables for 64 QAM and 256 QAM with CP-OFDM are given in [5].
Table 5 Example MCS table for NR PUSCH in case of CP-OFDM for 64QAM

	MCS Index
	Modulation order
	Code rate x 1024

	0
	2
	78

	1
	2
	120

	2
	2
	193

	3
	2
	246

	4
	2
	308

	5
	2
	376

	6
	2
	449

	7
	2
	523

	8
	2
	602

	9
	2
	679

	10
	2
	753

	11
	2
	818

	12
	4
	409

	13
	4
	490

	14
	4
	553

	15
	4
	616

	16
	4
	659

	17
	4
	699

	18
	4
	782

	19
	4
	851

	20
	4
	883

	21
	6
	589

	22
	6
	666

	23
	6
	709

	24
	6
	772

	25
	6
	828

	26
	6
	873

	27
	6
	919

	28
	6
	948

	29
	reserved

	30
	reserved

	31
	reserved


Table 6 Example MCS table for NR PUSCH in case of CP-OFDM for 256QAM

	MCS Index
	Modulation order
	Code rate x 1024

	0
	2
	 78

	1
	2
	   193

	2
	2
	   308

	3
	2
	   449

	4
	2
	   602

	5
	2
	   753

	6
	4
	   490

	7
	4
	   553

	8
	4
	   616

	9
	4
	   659

	10
	4
	   699

	11
	4
	   782

	12
	4
	   851

	13
	6
	   666

	14
	6
	   709

	15
	6
	   772

	16
	6
	   828

	17
	6
	   873

	18
	8
	   711

	19
	8
	   741

	20
	8
	   767

	21
	8
	   797

	22
	8
	   824

	23
	8
	   859

	24
	8
	   885

	25
	8
	   907

	26
	8
	   929

	27
	8
	   948

	28
	reserved

	29
	reserved

	30
	reserved

	31
	reserved


In RAN1#90bis, it was agreed that the bit-length of MCS for DFT-s-OFDM is 5 [1], which means the number of MCS entries will not increase in NR. However, pi/2 BPSK is introduced for DFT-s-OFDM and should be considered in MCS table design in NR, which means the number of MCS entries of other modulation orders will decrease compared with LTE. In NR, DFT-s-OFDM is used in link budget limited cases, e.g., cell edge users. Considering the application scenario of DFT-s-OFDM, to maintain 5-bit MCS, the MCS entries used for pi/2 BPSK should come from those which were used for the maximum modulation order (64 QAM or 256QAM) in LTE.
For example, in table 7, both QPSK and 16QAM have the same number of entries as LTE [4]. However 64QAM is 2 entries less than LTE. And these two entries are used for pi/2 BPSK. Similar to table 7, for 64QAM, it is 3 entries less than LTE in table 8, which are used for pi/2 BPSK.
Proposal 5: For DFT-s-OFDM, to maintain 5-bit MCS, the MCS entries used for pi/2 BPSK should come from those which were used for the maximum modulation order in LTE.
Table 7 Example 1 MCS table for NR PUSCH in case of DFT-s-OFDM for 64QAM 
	MCS Index
	Modulation order
	Code rate x 1024

	0
	1
	128

	1
	1
	154

	2
	2
	100

	3
	2
	120

	4
	2
	157

	5
	2
	193

	6
	2
	251

	7
	2
	308

	8
	2
	374

	9
	2
	438

	10
	2
	502

	11
	2
	566

	12
	2
	630

	13
	4
	315

	14
	4
	340

	15
	4
	378

	16
	4
	434

	17
	4
	490

	18
	4
	553

	19
	4
	616

	20
	4
	658

	21
	4
	709

	22
	4
	770

	23
	6
	438

	24
	6
	466

	25
	6
	567

	26
	6
	666

	27
	6
	772

	28
	reserved

	29
	reserved

	30
	reserved

	31
	reserved


Table 8 Example 2 MCS table for NR PUSCH in case of DFT-s-OFDM for 64QAM
	MCS Index
	Modulation order
	Code rate x 1024

	0
	1
	100

	1
	1
	128

	2
	1
	154

	3
	2
	100

	4
	2
	120

	5
	2
	157

	6
	2
	193

	7
	2
	251

	8
	2
	308

	9
	2
	374

	10
	2
	438

	11
	2
	502

	12
	2
	566

	13
	2
	630

	14
	4
	315

	15
	4
	340

	16
	4
	378

	17
	4
	434

	18
	4
	490

	19
	4
	553

	20
	4
	616

	21
	4
	658

	22
	4
	709

	23
	4
	770

	24
	6
	438

	25
	6
	567

	26
	6
	666

	27
	6
	772

	28
	reserved

	29
	reserved

	30
	reserved

	31
	reserved


4 Conclusions

In this contribution, the following proposals are made.

Proposal 1: Before using the LTE CQI table to NR, the following entries should be modified.

· The modulation and code rate x 1024 of index 7 of NR CQI table for 64-QAM should be QPSK and 753 respectively.
· The modulation and code rate x 1024 of index 10 of NR CQI table for 64-QAM should be 16-QAM and 699 respectively.
· The modulation and code rate x 1024 of index 11 of NR CQI table for 64-QAM should be 16-QAM and 851 respectively.
· If above CQI entries are reused in the tables of 256 QAM, the modulation order correction should be considered.

Proposal 2: Enhanced CQI reporting with flexibly configured target BLER and low-latency CSI reporting mechanism should be supported.  

Proposal 3: Multiple MCS tables should be considered for different use cases.

Proposal 4: For CP-OFDM waveform, PDSCH and PUSCH should adopt the same MCS table.
Proposal 5: For DFT-s-OFDM, to maintain 5-bit MCS, the MCS entries used for pi/2 BPSK should come from those which were used for the maximum modulation order in LTE.
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