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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved.  Similar to LTE, closed loop techniques for indicating channel quality and modulation and coding scheme for data transmission are used for NR.  Regarding CQI and MCS tables configurations, the following agreements were during the previous RAN1 meeting.
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

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 describe our views on the remaining issues of CQI and MCS indication for NR. 
[bookmark: _Ref378529477] Remaining issues of CQI Tables 
It can be observed that above section that most of the details for CQI tables are finalized. However, we need to design a CQI table for 256 QAM modulation. In our view, the performance of LDPC and turbo codes is almost equal. Hence to reduce the standardization effort, we prefer to use the same table as that of LTE for 256 QAM. 
Proposal 1:   For CQI table of maximum modulation order of 256 QAM, the CQI table from LTE is reused 
Remaining Issues of MCS Table 
[bookmark: _GoBack]For MCS table configuration since it is already decided to have different table configurations for downlink and uplink. In addition, a different table configuration when the UE uses DFT-s-OFDM for PUSCH transmission.  However, in our view, when the UE is configured to have CP-OFDM waveform for PUSCH transmission, it can use the same MCS table design for PDSCH. Hence we propose that
Proposal 2:  MCS table design for PUSCH with CP-OFDM is same as that of PDSCH  

For MCS table for PDSCH, for reducing the standardization effort, we prefer to reuse the same tables from LTE.

Proposal 3:  MCS tables from LTE are reused for PDSCH and PUSCH with CP-OFDM 

However, when the UE is configured to have DFT-s-OFDM, MCS table design should be different as this is mainly used for coverage limited scenarios.  Since with the introduction of Pi/2 BPSK, the UE can be operated with 26 dBm power, we prefer entries of Pi/2 BPSK should span from low code rates of 1/32 to 1/8 for coverage limited scenarios. 
Proposal 4:   Pi/2 BPSK entries in the MCS table for PUSCH should cover the lowest code rates from 1/32 to 1/8 
Adaptive CQI/MCS Pay Load for NR
Figure 1 shows the typical message sequence chart for downlink data transfer in 5G systems. From the pilot or reference signals, the UE computes the channel estimates then computes the parameters needed for CSI reporting. The CSI report consists of for example channel quality indicator (CQI), precoding matrix index (PMI), rank information (RI) etc. 
Downlink Control channel 
 Feedback Channel (CSI)
Cell specific/ UE specific Reference signals
gNB	
UE
Data Traffic Channel (PDSCH)
Compute Channel State Information (CSI) from the reference signals 
Determine the parameters for DL transmission (MCS, Power, PRBs, etc.) based on the CSI

Figure 1 Message sequence chart between gNode B and UE
The CSI report is sent to the gNodeB via a feedback channel either on a periodic basis or on demand based CSI i.e. aperiodic CSI reporting. The gNodeB scheduler uses this information in choosing the parameters for scheduling of this particular UE. The gNodeB sends the scheduling parameters to the UE in the downlink control channel called PDCCH. After that actual data transfer takes place from gNodeB to the UE. 
If we use the same principle as that of LTE, for reporting the CQI, the UE needs to use lookup table for example as in Table 1. 
                                            Table 1  4-bit CQI Table
	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



However, from simulations, we observed that fixing the CQI payload to 4 bits is not efficient. For example if a UE is at the cell edge, it may not use the modulation 16 QAM and 64 QAM. In this case, we can restrict the modulation schemes for that particular UE to QPSK and use less pay load size for CQI. 
For example, Figure 2 shows the probability of choosing modulation (which corresponds to the CQI index) as function of downlink geometry or (long term SINR) for a NR system with 2 transmit antennas.  For link adaptation, the UE chooses a CQI index as shown in Table 1.
[image: ]
Figure 2 Modulation probability as a function of geometry for  2Tx antennas

It can be observed that at low geometries, the probability of choosing QPSK modulation (hence a low CQI index) is very high. i.e. CQI indices 1-6 in Table 1. At medium geometries probability of choosing CQI indices corresponding to the 16-QAM, i.e 7-9 in Table 1 is higher , and at high geometries, the probability of choosing CQI entries corresponding to the 64-QAM is high.

Figure 2 shows the probability of choosing modulation (which corresponds to the CQI index) as function of downlink geometry or (long term SINR) for NR system with 4 transmit antennas.  Similar to the 2Tx antenna case, we can draw same conclusion about the modulation probability vs. geometry.
[image: ]
Figure 3 Modulation probability as a function of geometry for 4Tx antennas

Based on the above results, instead of using feedback channel (conventional) with 4 bits of CQI, gNB can restrict a particular UE to choose only a subset of CQI indices, thereby reducing the number of bits to represent the CQI. Hence the UE can send a compact feedback for transmitting CSI. 
Similar procedures can be used to restrict the MCS for downlink control channel. Based on above observation, we propose
Proposal 5:  UE specific adaptive CQI/MCS pay load sizes should be taken into consideration when indicating CQI and MCS, i.e. CQI/MCS subset restriction should be used 



 
[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this contribution we described our views on CQI and MCS indication for NR.
Based on our observations, we have the following proposal:
[bookmark: _Ref450342757]Proposal 1:   For CQI table of maximum modulation order of 256 QAM, the CQI table from LTE is reused 

Proposal 2:  MCS table design for PUSCH with CP-OFDM is same as that of PDSCH  

Proposal 3:  MCS tables from LTE are reused for PDSCH and PUSCH with CP-OFDM 

Proposal 4:   Pi/2 BPSK entries in the MCS table for PUSCH should cover the lowest code rates from 1/32 to 1/8 
Proposal 5:  UE specific adaptive CQI/MCS pay load sizes should be taken into consideration when indicating CQI and MCS, i.e. CQI/MCS subset restriction should be used 
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