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Introduction
In RAN1 #91, in total 9 contributions were submitted on the aspects for CQI and MCS [1]-[9]. This contribution summarizes the views of different companies (inferred from the submitted contributions) on remaining issues of CQI and MCS. Note that lot of agreements were made in RAN1#90bis, and for this meeting we focus mainly on basic & essential features. 
We describe the summary in multiple sections such as
a. CQI Table Design with 256-QAM for eMBB
b. MCS Table Design for PDSCH 
c. MCS Table Design for PUSCH with CP-OFDM waveform
d. MCS Table Design for PUSCH with transform precoding

The summary on each of these topics is explained in separate sections below.
 CQI Table Design with 256-QAM for eMBB
[bookmark: _Ref378529477]Table 1 shows the summary of CQI Table design proposals with 256-QAM for eMBB.  Also shown are the supporting companies. 
Table 1 Summary of proposals and supporting companies for 256 QAM CQI TABLE for eMBB 
	Issue
	Proposal
	Proponents

	CQI Table Design with 256 QAM for eMBB
	(I) Reuse the LTE CQI table for maximum modulation order of 256 QAM
(II) Reuse the LTE CQI table up to 64 QAM entries, however update the new entries for 256 QAM  
(III)  New Entries for all modulations
	AT&T,  Ericsson, LG Electronics,  Vivo

 Intel, , ZTE, Sanechips (adjusting maximum code rate to 0.95)

 Samsung



Based on the views expressed in contributions, majority of the companies prefer to reuse the same CQI table designed for 256-QAM for LTE [4], [5], [6], [7]. Two companies preferred to reuse the LTE CQI table entries up to 64 QAM and proposed new entries for 256 QAM [2], [8]. While one company proposed all new entries for all modulation schemes [9]. The main reason for this is to have uniform SNR spacing. However, as shown in simulations [2] the performance gap between proposals 1 and 2 is almost same, in addition [8], also mentions that the performance between these two options is not significant if we use the same reference resource definition as that of LTE. Hence, in our view the following proposals might be agreeable
Proposal 1: Reuse the LTE CQI table for maximum modulation order of 256 QAM

MCS Table Design for PDSCH 
Table 2 shows the summary of MCS Table design proposals for PDSCH.  Also shown are the supporting companies. 
Table 2 Summary of proposals and supporting companies for MCS TABLE design for PDSCH
	Issue
	Proposal
	Proponents

	MCS Table Design for PDSCH
	(I) Reuse the LTE MCS table
(II) Reuse LTE MCS Table up to 64 QAM, new entries for 256 QAM
(III) New Entries 
	AT&T,  Ericsson,  Vivo
ZTE, Sanechips(adjusting maximum code rate to 0.95 for 256QAM table)

Intel



Based on the views expressed in contributions, majority of the companies prefer to reuse the same MCS table designed for LTE [4], [5], [6].  One company proposed to reuse LTE MCS table up to 64 QAM entries and proposed new entries for 256 QAM [2]. While one company proposed all new entries for all modulation schemes [8]. Hence, in our view the following proposals might be agreeable
Proposal 2: Reuse the LTE MCS table for PDSCH for modulation schemes up to 64 QAM and 256 QAM
MCS Table Design for PUSCH with CP-OFDM Waveform
Table 3 shows the summary of MCS Table design proposals for PUSCH with CP-OFDM waveform.  Also shown are the supporting companies. 
Table 3 Summary of proposals and supporting companies for MCS Table Design for PUSCH with CP-OFDM
	Issue
	Proposal
	Proponents

	MCS Table Design for PUSCH
	(I) For PUSCH with CP-OFDM, reuse the PDSCH MCS tables (for both 64-QAM and 256-QAM).
(II) Different design for PDSCH and PUSCH with CP-OFDM
	AT&T,  Ericsson, Huawei, Intel, Vivo


ZTE, Sanechips



Based on the views expressed in contributions, majority of the companies prefer to reuse the same MCS table designed for PDSCH. Only one company proposed to reuse LTE MCS table for PUSCH with slight modifications. However, none of the companies shown any performance comparison between different options. Since, majority of the companies prefer to sue the MCS table design for DL and UL with CP-OFDM, in our view the following proposals might be agreeable
Proposal 3: For PUSCH with CP-OFDM, reuse the PDSCH MCS tables (for both 64-QAM and 256-QAM).

MCS Table Design for PUSCH with Transform Precoding
For this aspect companies have different proposals as pi/2 modulation scheme is mainly used for coverage limited scenarios and may not be needed along with higher order modulation schemes.  However based on their proposals the following might be agreeable.  
Proposal 4: For PUSCH with transform precoding, the MCS table supporting up to 256-QAM, does not need to support pi/2-BPSK modulation.
Another issue is adding entries in the MCS table corresponding to pi/2 BPSK modulation scheme. In our view this is tricky as few companies [2],[4] prefer first 2 entries for pi/2 BPSK modulation scheme by taking QPSK entries from the PUSCH MCS table, while one company proposed to use entries as that of 64 QAM from the PUSCH MCS table without impacting the QPSK entries [1]. 
Proposal 5: For PUSCH with transform precoding, same MCS table as that of CP-OFDM is used with the first 2 entries are replaced with Pi/2 BPSK modulation with the same two lowest SEs

[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]CSI reference resource definition
Some companies discuss CSI reference resource and UE assumptions for CQI derivation [2], [4], [7] and [8]. Companies’ views are summarized in the following table. Since the parameters vary between different companies, the following proposal might be agreeable

Proposal 6: The CSI reference resource for CQI definition is configured by higher layers as part of CSI feedback configuration should include
· # of symbols for control signal
· CP length and subcarrier spacing for PDSCH
· No REs for PSS/SSS/PBCH
· Redundancy version
· Number of PDSCH symbols
· RS pattern (Including PTRS)

Table 4 Summary of proposals and supporting companies for CSI reference resource definition
	Proposal
	Proponents

	NR supports joint configuration of the following parameters in report setting as UE’s assumptions for CQI derivation
· RS pattern
· Number of PDSCH symbols
	ZTE, Sanechips, Ericsson, Intel

	NR supports CQI-dependent PTRS overhead assumption in CSI reference resource
	Ericsson

	NR supports The reference configuration can include CP length, RV, PDSCH resource allocation (e.g. number of OFDM symbols), and any associated overhead, etc. which may be configured or predetermined

	Intel

	In NR, the 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

	LGE


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:
Proposal 1: Reuse the LTE CQI table for maximum modulation order of 256 QAM

Proposal 2: Reuse the LTE MCS table for PDSCH for modulation schemes up to 64 QAM and 256 QAM

Proposal 3: For PUSCH with CP-OFDM, reuse the PDSCH MCS tables (for both 64-QAM and 256-QAM).
[bookmark: _Ref450342757]Proposal 4: For PUSCH with transform precoding, the MCS table supporting up to 256-QAM, does not need to support pi/2-BPSK modulation
Proposal 5: For PUSCH with transform precoding, same MCS table as that of CP-OFDM is used with the first 2 entries are replaced with Pi/2 BPSK modulation with the same two lowest SEs

Proposal 6: The CSI reference resource for CQI definition is configured by higher layers as part of CSI feedback configuration should include
· # of symbols for control signal
· CP length and subcarrier spacing for PDSCH
· No REs for PSS/SSS/PBCH
· Redundancy version
· Number of PDSCH symbols
· RS pattern (Including PTRS)
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