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1. Introduction
In RAN1#90bis, following agreements regarding CQI and MCS were captured in Chairman’s note as:
Agreement:
[bookmark: _GoBack]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

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
· [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]

In this contribution, we discuss discuss the remaining details for CQI and MCS tables. 

Discussion on remaining details on CQI table
CSI reference resource
In order to properly derive CQI, the CSI reference resource needs to be defined. Similar to LTE, in the reference resource, UE can assume at least following parameters for CQI and/or PMI and RI derivation.  
· # of symbols for control signal
· CP length and subcarrier spacing for PDSCH
· No REs for PSS/SSS/PBCH
· Redundancy version

CQI table for 256 QAM
In RAN1#90bis, CQI table for 64 QAM was agreed to reuse that of LTE. That is because SNR to SE curve for LDPC is very similar to that of turbo code. In Rel-12 CQI table, to support 256QAM with the fixed payload size of 4-bit, some of CQI indices for low modulation order were dropped from the 64QAM CQI table and new 4 entries for 256QAM was add to satisfy high peak rate. 
To derive 256QAM CQI table, evaluation results on the target SNR to achieve 0.1 BLERs of the minimum and maximum CQIs by using the eMBB LDPC codes of NR. In LTE, the spectral efficiency (SE) of the minimum CQI (CQImin) is 0.1523 (bps/Hz) obtained from 78/1024 code rate and QPSK modulation, and that of maximum CQI (CQImax) is 7.4063 (bps/Hz) obtained from 948/1024 code rate and 256QAM modulation. Also, 480 REs are used to obtain the target SNR. Thus, we respectively set the payload sizes of the minimum and maximum CQIs as 72 bit and 3552 bit. Table 1 shows the simulation parameters and results.

Table 1. Simulation parameters and results
	
	CQImin
	CQImax

	Channel
	AWGN

	Decoding algorithm
	Standard flooding with sum product algorithm

	# of decoding iteration
	50

	Modulation
	QPSK
	256QAM

	Code rate
	0.076
	0.925

	Payload size
	72
	3552

	LDPC base graph
	BG2
	BG1

	Target SNR (BLER=0.1)
	-8.31dB
	25.09dB



Table 1 exhibits that the operating SNR range is about 33.4dB. Thus, if CQI index 0 used for “out of range” indication, the equal SNR spacing is about 2.39dB for 4-bit 256QAM CQI table. In LTE, the CQI table supporting 256QAM has un-equal SNR spacing as [1.89dB, 3.78dB] due to subsampling at lower modulation orders. Considering that 256QAM may be configured for high geometry scenario such as indoor hotspot, using larger SNR spacing for QPSK and smaller SNR spacing for other modulation orders like LTE 256QAM CQI table is reasonable. In this sense, we can reuse LTE 256QAM CQI table.   
Proposal 1. For eMBB, reuse LTE 256QAM CQI table.

CQI table(s) for URLLC
 In the last meeting, it was agreed two target BLERs for supporting URLLC, and there is FFS on how many CQI table(s) are needed. Although the URLLC UE needs to support two values of target BLER, we think one CQI table is sufficient. This is because behavior of UE for calculation of CQI is the same regardless of target BLER. For example, UE calculates the SINR considering the configured target BLER, and then UE maps this SINR to CQI index. 
Proposal 2. For URLLC, one CQI table is sufficient.

Discussion on MCS table design 
Reserved state
In LTE DL MCS table, the reserved states can be used to change the modulation order for retransmission while keeping the same TBS index of the latest transmission. If the re-transmission without the knowledge of initial transmission is supported, reserved state may not be required in MCS table. In this case, tables for modulation order and coding rate can be considered for the flexible indication of MCS regardless of whether it is initial transmission or re-transmission. On the other hand, if the re-transmission with the knowledge of initial transmission is supported, reserved state is definitely required as in LTE. Thus, it would be good to keep reserved state in MCS table. 

UL MCS table
In LTE UL MCS tables, modulation order, TBS index and RV were jointly encoded under the assumption of synchronous UL HARQ. In NR, asynchronous UL HARQ is agreed, so that adaptive retransmission is expected in HARQ process. This means MCS and RV needs to be indicated by separate DCI fields. Thus, in this sense, for CP-OFDM in uplink, same MCS table can be used. 

Conclusion
This contribution discussed CQI and MCS table design principles for NR. Following proposals are given, based on the above discussion: 
Proposal 1. For eMBB, reuse LTE 256QAM CQI table.
Proposal 2. For URLLC, one CQI table is sufficient.

References
[1] R1-1719939, “On transport block size for two base graphs”, LG Electronics.


