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Introduction
At the RAN1 #90bis and #91 meetings, there were intensive discussions on CQI and MCS design for NR. In this contribution, we discussed our views on CQI and MCS tables for URLLC services.
Discussion
2.1 CQI
Followings are the list of the agreements related to CQI table design.
RAN1#90bis
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

RAN1#91
Working Assumption (Note: table is omitted in this contribution)
Reuse the LTE CQI table for maximum modulation order of 256 QAM for eMBB.

[bookmark: _GoBack]Eventually, for eMBB, two CQI tables are supported each for maximum modulation order of 64QAM and 256QAM, where both of them are the same table as in LTE (agreements on 256QAM table is a working assumption for now). One of the remaining issues is design of CQI table(s) for URLLC. In order to achieve requirement of BLER, a CQI table for URLLC should include lower code rate compared to that for MBB/eMBB. We can consider LTE-A-based CQI for URLLC as a starting point.
Proposal 1: A CQI table for URLLC should include MCS with lower code rate compared to eMBB. LTE-A MTC design is a good starting point for discussion.

Target BLER 
In LTE/LTE-A, target BLER for CQI derivation is set to 0.1, which is roughly optimized for MBB use cases. It should be enhanced to consider different error requirement for URLLC that is 10-5 for 32 Bytes with U-plane latency of 1ms. In this context, at least BLER target value for URLLC should be smaller than that of eMBB. Here, AMC is generally performed by using estimated value of instant SINR and BLER curve for AWGN channels. BLER curves for AWGN is very steep especially for small BLER region. Thus, it may not be beneficial to introduce multiple target BLER for URLLC. 
Proposal 2: Single target BLER is introduced for URLLC that is smaller than 0.1. 

2.2 MCS
Followings are the list of the agreements related to MCS table design. In addition, table I summarizes current agreements.
RAN1#90bis
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

RAN1#91
Working Assumption:  (Note: tables are omitted in this contribution)
Reuse the LTE MCS table for PDSCH for modulation schemes up to 64 QAM and 256 QAM with code rate changed to [x 1024] as shown in Tables 2 and 3
These tables apply for eMBB
Working Assumption
For PUSCH with CP-OFDM, reuse the PDSCH MCS tables (for both 64-QAM and 256-QAM).
This applies for eMBB
Working Assumption
For PUSCH with transform precoding, the MCS table supporting up to 256-QAM, does not need to support pi/2-BPSK modulation.  Use the same table as that of CP-OFDM for 256 QAM
This applies for eMBB

Email discussion after RAN1#91 ([91-NR-10])
Working assumption (Note: table is omitted in this contribution)
  For PUSCH with transform precoding, NR supports the following MCS table with up to 64-QAM
  This applies for eMBB
  FFS whether it is UE capability on supporting pi/2 BPSK or not and related reporting




Table I: Overview of current agreements for MCS tables
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Eventually, for eMBB, three MCS tables are supported, where both of the tables 5.1.3.1-1 and 5.1.3.1-2 are generally same as in MCS tables in LTE/LTE-A. Similar to the discussion for CQI tables, we need to specify MCS table that include lower code rate to accommodate requirements for URLLC. Starting point of the discussion can be a design of LTE-A MTC as well.
Proposal 3: A MCS table for URLLC should include MCS with lower code rate compared to eMBB. LTE-A MTC design is a good starting point for discussion.
Summary
In this contribution, we presented proposed modification on CSI-RS. We have following proposal and text proposal are captured in the appendix.
Proposal 1: A CQI table for URLLC should include MCS with lower code rate compared to eMBB. LTE-A MTC design is a good starting point for discussion.
Proposal 2: Single target BLER is introduced for URLLC that is smaller than 0.1. 
Proposal 3: A MCS table for URLLC should include MCS with lower code rate compared to eMBB. LTE-A MTC design is a good starting point for discussion.
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eMBB URLLC

PDSCH

64QAM Table 5.1.3.1-1 in 38.214 (working assumption)  No agreement

256QAM Table 5.1.3.1-2 in 38.214 (working assumption)  No agreement

PUSCH (CP-OFDM)

64QAM Table 5.1.3.1-1 in 38.214 (working assumption)  No agreement

256QAM Table 5.1.3.1-2 in 38.214 (working assumption)  No agreement

PUSCH (DFTsOFDM)

64QAM Table 6.1.4.1-1 in 38.214 (working assumption)  No agreement

256QAM Table 5.1.3.1-2 in 38.214 (working assumption)  No agreement


