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Introduction
In RAN1 #90bis, in total 12 contributions were submitted on the aspects for CQI and MCS [1]-[12]. This contribution summarizes the views of different companies (inferred from the submitted contributions) on the CQI and MCS. Regarding CQI and MCS tables configurations, the following agreements were during the previous RAN1 meeting.
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

We describe the summary in two sections, one for CQI and the other for MCS
 Summary on CQI Aspects for NR
[bookmark: _Ref378529477]Table 1 shows the summary of open issues in CQI aspects for NR.  Also shown are the different proposals on the open issues and the supporting companies. 
Table 1 Summary of open issues in CQI aspects for NR
	Issue
	Proposal
	Proponents

	Multiple Tables or single Master Table 
	(I) At least 2 CQI tables, one for up to 256 QAM and the other for up to 64 QAM
(II) Master CQI table and configure CQI from the master table
	AT&T,  Intel, Qualcomm, LG Electronics,  Vivo, ZTE/Sanechips, Samsung

 NTT Docomo, LG Electronics

	Number of bits in CQI table
	(I) 4 bit CQI table

	AT&T, Intel,  Samsung, NTT Docomo, Qualcomm, Ericsson, 

	CQI definition
	(I) Same as that of  LTE i.e. recommended spectral efficiency under a similar constraint (e.g. 10% BLER within a pre-defined observation interval)
(II) Enhanced CQI reporting with low latency conditioned on flexible target BLER/repetition numbers
	AT&T, Intel, Samsung, Ericsson, Qualcomm, NTT Docomo, LG Electronics, Vivo, ZTE/Sanechips 



Huawei, Hisilicon, 

	Target BLER for CQI definition
	(I) Fixed to 10%
(II) Configurable
	Ericsson
Qualcomm, NTT Docomo, Huawei, Hisilicon, ZTE/Sanechips

	CQI Table fields
	(I) CQI table is defined using at least the following fields: CQI index, modulation order, and code rate x 1024

	Intel, Vivo, AT&T Samsung, 

	CQIs for multi CW case 
	(I) Independent encoding of the two CQIs for Wideband reporting

	Ericsson, AT&T



Multiple CQI Tables:
Several companies proposed that at least 2 CQI tables need to be defined, one for up to 256 QAM8 and the other table for modulations without 256 QAM.  Only one company (NTT DoCoMo) proposed that one master CQI table needs to designed and configure CQI from the master CQI table is slightly preferred over multiple CQI tables [8]. They also mentioned that both the options require similar overhead and future proof. However, they slightly prefer options 2 as further optimization is possible with RRC configuration.  However, in our view, since majority of the companies propose to use at least 2 CQI tables and the benefits of option 2 over option 1 are not clear, the following proposals might be agreeable 
Proposal 1: Adopt at least two separate CQI tables for NR -  1) one for maximum modulation order is 256-QAM and 2) one for maximum modulation order is smaller than 256-QAM.
Number of bits in CQI Tables:
For this aspect, the majority of companies preferred 4 bit CQI table as in LTE.  Few contributions mentioned that they would prefer to reduce the overhead of CQI as the outer loop will keep track of the flashlight effects.  Based on their observations the following proposals might be agreeable 
Proposal 2: Adopt a 4 bit CQI table in NR

CQI Definition:
Several companies preferred to have the same definition of CQI for NR as that of LTE, i.e. recommended spectral efficiency under a similar constraint (e.g. 10% BLER within a pre-defined observation interval).  In our view, the following proposal is agreeable to majority of the companies.
Proposal 3:  The NR CQI definition is same as that of LTE CQI definition, i.e. recommended spectral efficiency under x% BLER 
Target BLER for CQI definition:
Majority of the companies preferred this number is configurable. For example, based on the application, the network can configure the target BLER. In our view, the following proposal is agreeable to majority of the companies.
Proposal 4: Multiple target BLER are supported for NR 
CQI Table Fields:
Since majority of the companies preferred CQI definition is similar to that of LTE, the CQI table entries are also same as that of LTE. In our view, the following proposal is agreeable to majority of the companies.
Proposal 5: The CQI table is defined using at least the following fields: CQI index, modulation order, and code rate x 1024.
CQIs for Multi Codeword MIMO:
Since NR supports up to 2 codewords, CQI belonging to each codeword can be independently encoded or the second codeword CQI can be encoded conditioned on the first codeword CQI. Only two companies (AT&T and Ericsson) addressed this issue and both of them preferred independent encoding of the two CQIs at least for wideband CQI. Based on their observations, the following proposal is agreeable
Proposal 6: Independent encoding of WB CQI for the two CWs is applied

Hence the summary of proposals on CQI are 
Proposal 1: Adopt at least two separate CQI tables for NR -  1) one for maximum modulation order is 256-QAM and 2) one for maximum modulation order is smaller than 256-QAM.
Proposal 2: Adopt a 4 bit CQI table in NR
Proposal 3:  The NR CQI definition is same as that of LTE CQI definition, i.e. recommended spectral efficiency under x% BLER 
Proposal 4: Multiple target BLER are supported for NR 
Proposal 5: The CQI table is defined using at least the following fields: CQI index, modulation order, and code rate x 1024.
Proposal 6: Independent encoding of WB CQI for the two CWs is applied

Summary on MCS Aspects for NR
In this section, we describe the summary of MCS aspects for NR. Table 2 shows the summary of open issues in MCS aspects for NR.  

Table 2  Summary of open issues in MCS aspects for NR
	Issue
	Proposal
	Proponents

	Multiple MCS tables or one Master MCS table 
	(I) Support two independent tables for 64QAM and 256QAM 
(II) Support one table including 64QAM and 256QAM simultaneously
(III) Introduce a master MCS table and configure MCSs from master table

	ZTE/Sanechips, Intel, Huawei, Hisilicon, Vivo, LG Electronics

Vivo, Nokia, Ericsson, AT&T

NTT Docomo, Qualcomm,  Ericsson

	Number of bits in MCS Table for PDSCH
	(I) 5 bits

	Qualcomm, ZTE/Sanechips, Intel, Vivo, Nokia, Ericsson, AT&T

	MCS Table entries
	(I) MCS index and a corresponding modulation order and code rate x 1024
	Intel, Ericsson, 

	Independent encoding of MCS and RV for PUSCH
	(I) Yes
(II) No
	Ericsson, LG Electronics, NTT Docomo
ZTE/Sanechips,

	Joint encoding of waveform selection bit and MCS for PUSCH
	(I) Yes
(II) No
	AT&T, Ericsson
Nokia




Multiple MCS Tables:
Similar to multiple CQI tables, several companies also proposed to use more than one MCS table for NR. For example, one MCS table for entries up to 256 QAM and another table for entries not including 256 QAM. However, this aspect needs more discussion as several companies proposed preferred more than one option. In our view, we can try discussing on this aspect either online or offline. The following proposal can be taken as a discussion point 
Proposal 7: For NR PDSCH MCS table down-select from the following two options
· Support one 5bit table including 64QAM and 256QAM simultaneously for OFDM waveform;
· Support two independent 5 bit tables for 64QAM and 256QAM and reuse as many entries as possible.
Number of bits in the MCS Table(s) for PDSCH:
Majority of the companies preferred 5 bit MCS table for PDSCH. Hence in our view the following proposal is agreeable
Proposal 8: 5-bit MCS tables are adopted for NR PDSCH
MCS Table Entries for PDSCH:
Since the control channel session is actively discussing the transport block size for NR. Since the majority of the companies preferred a formula based technique for TBS determination, Intel and Ericsson proposed that MCS table entries can be simplified for NR. Based on their observations, the following proposal is agreeable
Proposal 9: The following fields are used in defining the MCS table: MCS index and a corresponding modulation order and code rate x 1024
Independent encoding of MCS and RV for PUSCH:
Since in NR, the PUSCH HARQ operation is different compared to that odd LTE PUSCH, several companies preferred independent encoding of RV and MCS for NR. Only ZTE proposed to use joint encoding of RV and MCS as that of LTE. In our view, the following proposal is agreeable
Proposal 10: For UL grant, RV is separately indicated with MCS
Joint encoding of Waveform selection with MCS for for PUSCH:
Since in NR, the number of modulation schemes supported is different based on waveform as with CP-OFDM the number of modulation schemes supported are 4 and with DFTsOFDm the number of supported modulation schemes are 5. Hence instead of defining a separate tables based on the waveform Ericsson and AT&T proposed to use joint encoding of MCS and waveform. This design allows dynamic switching between the CP-OFDM and DFTsOFDM while at the same time a single MCS table can be used for both the waveforms.  Since this topic is discussed in other session, we need further discussion on this topic.
The summary of proposals on MCS are 
Proposal 7: For NR PDSCH MCS table down-select from the following two options
· Support one 5bit table including 64QAM and 256QAM simultaneously for OFDM waveform;
· Support two independent 5 bit tables for 64QAM and 256QAM and reuse as many entries as possible.

Proposal 8: 5-bit MCS tables are adopted for NR PDSCH

Proposal 9: The following fields are used in defining the MCS table: MCS index and a corresponding modulation order and code rate x 1024

Proposal 10: For UL grant, RV is separately indicated with MCS

[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this contribution we summarizes the company views on CQI and MCS indication for NR.
Based on our observations, we have the following proposal:
For CQI
Proposal 1: Adopt at least two separate CQI tables for NR -  1) one for maximum modulation order is 256-QAM and 2) one for maximum modulation order is smaller than 256-QAM.
Proposal 2: Adopt a 4 bit CQI table in NR
Proposal 3:  The NR CQI definition is same as that of LTE CQI definition, i.e. recommended spectral efficiency under x% BLER 
Proposal 4: Multiple target BLER are supported for NR 
Proposal 5: The CQI table is defined using at least the following fields: CQI index, modulation order, and code rate x 1024.
Proposal 6: Independent encoding of WB CQI for the two CWs is applied
[bookmark: _Ref450342757]For MCS
Proposal 7: For NR PDSCH MCS table down-select from the following two options
· Support one 5bit table including 64QAM and 256QAM simultaneously for OFDM waveform;
· Support two independent 5 bit tables for 64QAM and 256QAM and reuse as many entries as possible.

Proposal 8: 5-bit MCS tables are adopted for NR PDSCH

Proposal 9: The following fields are used in defining the MCS table: MCS index and a corresponding modulation order and code rate x 1024

Proposal 10: For UL grant, RV is separately indicated with MCS
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