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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#90b, a lot of progress was made on the CQI and MCS, the following agreements were achieved:
[bookmark: OLE_LINK9]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 

[bookmark: OLE_LINK10][bookmark: OLE_LINK18]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 

[bookmark: OLE_LINK19]Agreement:
For CQI table of maximum modulation order of 64QAM, the CQI table from LTE Rel-8 is reused
[bookmark: OLE_LINK7]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

[bookmark: OLE_LINK20][bookmark: OLE_LINK21]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

[bookmark: OLE_LINK22][bookmark: OLE_LINK23]Agreement
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]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
[bookmark: _Hlk495617136]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]

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In this contribution, we share our opinions about the remaining issues on CQI and MCS.
2. CQI table for URLLC
URLLC requires low latency with high reliability requirement,e.g BLER=10^(-2)~10^(-5) considering different use cases. Supporting every different requirement of target BLER for CQI reporting is complex in NR design, two target BLER supported for URLLC CQI table have been agreed. There are no strong reasons to confirm two of them, maybe a couple of interval value such as 1% and 0.01% as target BLER for URLLC are suitable, the others can be achieved by gNB introducing back-off or repetition mechanism based on above target BLER in required latency time.
[bookmark: OLE_LINK24]Proposal 1:
· We prefer 1% and 0.01% as target BLER for URLLC, and for the other requirement, gNB introduces back-off or repetition mechanism based on agreed BLERs. 
In principle, two separate URLLC CQI table are supported considering two different BLER. But the URLLC generally work in lower order modulation and lower code rate, in this region the SNR-BLER decline curves usually are very steep in the AWGN scenario. In other words, SNR interval between adjacent CQI entries is approximately equal, no matter what target BLER is. So, only one CQI table for URLLC is enough.
Based on target BLER from RRC signaling, the UE stores corresponding SNR threshold and calculates corresponding SNR fitting, then find nearest CQI entry from table. 
[bookmark: OLE_LINK25]Proposal 2:
· Since SNR interval between adjacent CQI entries is approximately equal for different target BLER, only one CQI table for URLLC is enough, we prefer N=1. 
Another problem taken into consideration is that URLLC generally uses small package. Referring to the performance of LDPC captured in [2]，the required SNR gets worse as TBsize gets smaller. Considering URLLC tends to be reliable rather than to pursue throughput, we recommend simulation of CQI table design with a conservative (small value) TBsize, for example TBsize=300bit.
Observation 1:
· For reliability requirement, we recommend simulation of URLLC CQI table design with a conservative TBsize. 
3. CQI table for eMBB
In last meeting, two separate tables were supported for eMBB, and the CQI table of maximum modulation order of 64QAM was derived from table of LTE Rel-8, but the details of the 256QAM table of 4bits is FFS. Our straightforward opinion is also to reuse 256QAM table from LTE Rel-13. 
[bookmark: OLE_LINK11]Simulation results associated have been shared from several companies in RAN1#90, the performance difference of LDPC and Turbo is not significantly, about 25/1024≈0.02 code rate jitter compared with original table. Taking actual field test into account, inaccurate interference measurement, and unsatisfactory physical abstraction method for SNR to BLER curve, different BLER caused by TBsize, the jitter is almost ignorable in factors described above. In fact, to amend the unreliable CQI, gNB uses Euler outer loop algorithm based on ACK/NACK feedback from UE, which adjusts a radical or conservative step based on IBLER (e.g IBLER=10%)  to select desirable MCS index. Hence, redesigning a little different 256QAM table brings no performance boost, but extra work.
	code rate x 1024

	Modulation
	LTE R13
	ZTE
	Intel

	2
	78 
	97
	   77

	2
	193 
	228
	   205

	2
	449 
	466
	   440

	4
	378 
	398
	   374

	4
	490 
	512
	   494

	4
	616 
	637
	   620

	6
	466 
	485
	 (4)740

	6
	567 
	592
	   577

	6
	666 
	683
	   676

	6
	772 
	789
	   780

	6
	873 
	880
	   877

	8
	711 
	717
	   712

	8
	797 
	808
	   778

	8
	885 
	899
	   856

	8
	948 
	954
	   948


Proposal 3:
· [bookmark: OLE_LINK27]The eMBB CQI table of maximum modulation order of 256QAM from LTE Rel-13 is reused.
4. MCS table for eMBB
OFDM waveforms based modulation schemes have been agreed as follows. 
	CP-OFDM
	DFT-S-OFDM

	
	π/2-BPSK

	QPSK
	QPSK

	16QAM
	16QAM

	64QAM
	64QAM

	256QAM
	256QAM



[bookmark: OLE_LINK1]The following fields are used in defining the MCS table: MCS index and a corresponding modulation order and target code rate. The SNR demodulation thresholds in AWGN are same when a group of fields are fixed, whatever working in uplink or in downlink, and whatever for CP-OFDM or DFT-s-OFDM waves. Consequently, reusing as many entries as possible is worthy of consideration. But how many MCS entries can be reused? Our view is reusing all entries. Although existing power difference in uplink/downlink (e.g, gNB sets 40dbm, UE sets <=23dbm), but taking more receiver antennas of gNB into account, higher modulation order has no difference in uplink/downlink. 
The introduction of pi/2 BPSK modulation in NR for PUSCH above 6GHz was agreed, but it is not mandatory when below 6GHz. So, for one kind of maximum modulation order, CP-OFDM in uplink/downlink and DFT-s-OFDM with no pi/2 BPSK can share a same MCS table.
Proposal 4:
· [bookmark: OLE_LINK28][bookmark: OLE_LINK29]CP-OFDM in uplink/downlink and DFT-s-OFDM with no pi/2 BPSK can share the same MCS table.
[bookmark: OLE_LINK8][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK12]If supporting pi/2 BPSK above 6GHz, with traditional thinking, designing MCS entries will compare pi/2 BPSK SNR to BLER curves with QPSK curves from left to right, maybe one overlap between modulations, maybe only low code rate for pi/2 BPSK. But it ignores the original intention of introducing pi/2 BPSK, which has good PAPR and offers 3.0 dB potential PA gain over QPSK, high code rate for pi/2 BPSK is not precluded.Hence, traditional thinking is not applicable, both the performance of demodulation associated with channel quality and the performance of PAPR gain associated with PA are all taking into account together. We propose pi/2 BPSK and QPSK reuse same MCS indexes with same SE, and using RRC to configure UE to support pi/2 BPSK or not.
Proposal 5:
· [bookmark: OLE_LINK30][bookmark: OLE_LINK31]Reusing some entries for pi/2 BPSK and QPSK, and UE by RRC configuration understands what modulation order indicated by MCS index are at the moment.
Based on downlink MCS table from LTE Rel-13, we give the value of MCS fields, some values (green word) from CQI table, and the other intermediate values (black word) by interpolating method. The front entries are reused for pi/2 BPSK (red word) and QPSK.
	[bookmark: OLE_LINK32]MCS table reused by CP-OFDM and DFT-s-OFDM

	
MCS Index

	
Modulation 

	code rate
 x 1024
	
Modulation 

	code rate
 x 1024

	[bookmark: _Hlk496884789]0
	2 (1)
	120 (240)
	2 (1)
	120 (240)

	1
	2 (1)
	156 (312)
	2 (1)
	193 (386)

	2
	2 (1)
	193 (386)
	2 (1)
	321 (642)

	3
	2 (1)
	250 (500)
	2 (1)
	449 (898)

	4
	2 (1)
	308 (616)
	2 
	598

	5
	2 (1)
	378 (756)
	4
	378

	6
	2 (1)
	449 (898)
	4 
	434

	7
	2
	525
	4 
	490

	8
	2
	602
	4 
	553

	9
	2
	672
	4 
	616

	10
	4
	336
	4 
	667

	11
	4
	378
	6 
	466

	12
	4
	434
	6 
	516

	13
	4
	490
	6 
	567

	14
	4
	553
	6 
	616

	15
	4
	616
	6 
	666

	16
	4
	666
	6 
	719

	17
	6
	444
	6 
	772

	18
	6
	466
	6 
	822

	19
	6
	516
	6 
	873

	20
	6
	567
	8 
	664

	21
	6
	616
	8 
	711

	22
	6
	666
	8 
	754

	23
	6
	711
	8 
	797

	24
	6
	772
	8 
	841

	25
	6
	822
	8 
	885

	26
	6
	873
	8 
	916

	27
	6
	910
	8 
	948

	28
	6
	948
	2
	reserved

	29
	2
	reserved
	4
	

	30
	4
	
	6
	

	31
	6
	
	8
	



5. Conclusion
In this contribution, we share our opinions about the design of TBS, CQI and MCS for NR, and we have the following proposals.
Proposal 1:
· We prefer 1% and 0.01% as target BLER for URLLC, and for the other requirement, gNB introduces back-off or repetition mechanism based on agreed BLERs.
Observation 1:
· For reliability requirement, simulation of URLLC CQI table design with a conservative TBsize.
Proposal 2:
· Since SNR interval between adjacent CQI entries is approximately equal for different target BLER, only one CQI table for URLLC is enough, we prefer N=1.
Proposal 3:
· The eMBB CQI table of maximum modulation order of 256QAM from LTE Rel-13 is reused.
Proposal 4:
· CP-OFDM in uplink/downlink and DFT-s-OFDM with no pi/2 BPSK can share the same MCS table.
Proposal 5:
· Reusing some entries for pi/2 BPSK and QPSK, and UE by RRC configuration understands what modulation order indicated by MCS index are at the moment.
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