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1. Introduction
In NR study, following agreements regarding modulation schemes are made and captured in TR 38.802 as
Downlink:
QPSK, 16QAM, 64QAM and 256QAM (with the same constellation mapping as in LTE) are supported.
Uplink:
[bookmark: _GoBack]QPSK, 16QAM, 64QAM and 256QAM (with the same constellation mapping as in LTE) are supported. 0.5 pi-BPSK is also supported for DFT-s-OFDM.
Also, in RAN1#90, following agreements regarding TBS determination were captured in Chairman’s note as:
Agreements:
· RAN1 strives for finding TBS determination by using a formula
· The formula has following as parameters:
· The number of layers the codeword is mapped onto
· Time/frequency resource the PDSCH/PUSCH is scheduled
· Opt.1: The total number of REs available for the PDSCH/PUSCH
· Opt.2: Reference number of REs per slot/mini-slot per PRB and the number of PRB(s) for carrying the PDSCH/PUSCH
· FFS: Details of reference number
· FFS: for the case of more than one slot
· Modulation order
· Coding rate
· RAN1 should also consider at least the following:
· Whether the system can work without ensuring to enable giving the knowledge for decoding the re-transmission without the knowledge of initial transmission
· Ensuring to enable the same TBS between initial transmission and re-transmission with the same/different number of PRBs or the same/different number of symbols in some cases
· Code-block segmentation
· TBS determination for specific packet sizes (e.g., VoIP, etc)
· TBS determination for specific services (e.g., URLLC, etc)
· Possibility of decoupling the coding rate and modulation order for some cases
· Note: Byte alignment is required
· Note: in addition to the formula, table(s) may be needed to determine the TBS value

In addition, in RAN1 NR#3, following agreements regarding CQI tables were captured in Chairman’s note as:
Agreement:
[bookmark: _Hlk493694228]Different CQI tables can be configured to a UE at least in order to support different maximum order of modulations
· FFS: Whether the different CQI tables should consider minimum coding rate
In this contribution, we discuss the design principle of CQI and MCS tables to support agreed modulation schemes for both NR DL and UL and provide our initial evaluation results. This contribution is resubmission of R1-1715861.
Discussion on CQI table design 
In LTE, it is employed 4-bit CQI table according to the max MCS order and 3-bit differential CQI table when reported RI>2. More specifically, there exist three 4-bit CQI tables and one table can be configured according to the supported max modulation order and/or UE type (i.e., whether it is a non-BL/CE or BL/CE UE). 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 Rel-8 CQI table and new 4 entries for 256QAM was add to satisfy high peak rate. 
For NR DL, it is agreed to support up to 256QAM, and it is still open whether or not to support very high modulation scheme such as 1024QAM. 1024QAM is a good candidate to provide very high data rate especially for eMBB service. Also, in the indoor scenario, it may be possible to support 1024 QAM since the received SNR can be very high due to the good channel quality and/or possible analog/digital beamforming gain. Thus, after confirming the feasibility of adopting 1024QAM in NR, NR may support 1024 QAM in future NR phase. 
Proposal1. In NR, forward compatibility needs to be considered in CQI and MCS table designs (i.e., support of 1024 QAM).

In the consideration of forward compatibility, we have three options for designing CQI table as follows:
Option2-1. CQI Table switching according to UE capability.
Option2-2. One Q-bit CQI table
Option2-3. Configurable CQI table
Similar to LTE CQI table configuration, Option 2-1 provides multiple tables and one table can be configured based on the UE capability reporting. If 1024QAM is supported in NR, one more CQI table with max modulation order of 1024QAM can be added in the specification. If the newly added table maintains the same payload size with other tables (e.g., 4-bit), subsampling for lower modulation order(s) should be introduced and this may lead relatively inaccurate CQI reporting. 
Option 2-2 considers one Q-bit (e.g., Q=5) table covering from QPSK to 256QAM region with equal SNR spacing. In this option, some of states can be reserved for 1024QAM for forward compatibility. However, with this option, payload can be unnecessarily wasted since the use case for high and very high modulation order is limited to the high-end UE and/or the specific scenario such as indoor environment.  
In Option 2-3, it is considered configurable CQI table in order to flexibly support various ranges and resolutions of MCS levels, and therefore the more accurate CQI reporting (if higher resolution is configured) can be achieved. In this design, one CQI table covering all MCS levels with high SNR resolution is predefined, and subset of the CQI indices in predefined CQI table can be configured to UE. For all options, CQI index 0 can be used to report “out of range” if channel condition does not satisfy the lowest modulation order and its code rate in the configured CQI table. 
Proposal2. Consider one of three options below for NR CQI table design. 
· Option2-1. CQI Table switching according to UE capability.
· Option2-2. One Q-bit CQI table
· Option2-3. Configurable CQI table

1.1. Evaluation results
In this subsection, we present 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 option 2-2 is used and CQI index 0 denotes out of range, the SNR spacing is about 2.39dB for 4-bit CQI table and 1.11dB for 5-bit CQI table. In LTE, the CQI table supporting at most 64QAM has 1.89dB SNR spacing, while the CQI table supporting 256QAM has un-equal SNR spacing as [1.89dB, 3.78dB] due to subsampling at lower modulation orders.
Observation 1. For eMBB, the operating SNR range is about 33.4dB if the maximum modulation order of CQI tables is 256QAM.
Discussion on MCS table design 
MCS table design principle
Similar to the CQI design, forward compatibility also needs to be considered in MCS table design. In this context, one of the following options can be considered in MCS table design.
Option3-1. MCS Table switching according to UE capability.
Option3-2. Configurable MCS table
In Option3-1, multiple MCS tables to support different level of max modulation are defined, and one table can be configured according to the UE capability. If the 1024QAM is introduced in the future NR phase, additional MCS table covering 1024QAM needs to be defined. To ensure good SNR resolution for each table, different size of MCS bit-width can be considered in this option. Compared to Option 3-1, Option 3-2 can provide more flexibility and accuracy for indicating modulation and coding scheme. To this end, one MCS table covering all modulation order with small SNR spacing can be predefined, and subset of the MCS indices in predefined MCS table can be configured to UE.
Proposal3. Consider one of two options below for NR MCS table design. 
· Option3-1. MCS Table switching according to UE capability.
· Option3-2. Configurable MCS table

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. In the case of 1024QAM (if supported), 5 states need to be reserved, and thus the remaining states may not be sufficient to support 1024QAM. To resolve this issue, two states referring differential MCS order (e.g., “+2”, “-2”) can be considered. 
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 whether it is initial transmission or re-transmission. 

UL MCS table
In UL NR, it is agreed to support both CP-OFDM and DFT-s-OFDM. Both waveforms can commonly support QPSK to 256QAM modulation schemes, and 0.5 pi-BPSK modulation scheme is only supported for DFT-s-OFDM. Therefore, compared to DL case, UL requires much larger number of MCS tables to support both CP-OFDM and DFT-s-OFDM, if the option 1 is adopted. In LTE UL MCS tables, modulation order, TBS index and RV was 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. 

Conclusion
This contribution discussed CQI and MCS table design principles for NR. Following observation and proposals are given, based on the above discussion: 
Observation 1. For eMBB, the operating SNR range is about 33.4dB if the maximum modulation order of CQI tables is 256QAM.
Proposal1. In NR, forward compatibility needs to be considered in CQI and MCS table designs (i.e., support of 1024 QAM).
Proposal2. Consider one of three options below for NR CQI table design. 
· Option2-1. CQI Table switching according to UE capability.
· Option2-2. One Q-bit CQI table
· Option2-3. Configurable CQI table
Proposal3. Consider one of two options below for NR MCS table design. 
· Option3-1. MCS Table switching according to UE capability.
· Option3-2. Configurable MCS table
