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1 Introduction

One of the specific URLLC related features that was agreed during the Rel.15 NR work item is introduction of URLLC-specific CQI tables and two BLER targets for CQI reporting:
	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 


In this contribution, the potential options for particular BLER targets and for CQI tables design are discussed. Other URLLC related aspects are discussed in our companion contributions [1]-[3].

2 Discussion

2.1 BLER Targets and Number of CQI Tables
It was agreed that two BLER targets will be supported for URLLC operation. The motivation behind usage of two targets is multifold. First, URLLC services assume very diverse range of reliability and latency requirements, therefore at least some flexibility in selecting BLER target is desirable. Second, availability of CQI measurements for two BLER targets enables advanced adaptive retransmission schemes which use more spectrum efficient parameters for initial transmission(s) and more robust (less spectrum efficient) for retransmissions. Additionally, measurements on two target BLERs provide possibility for rather accurate extrapolation / interpolation to any other target BLER.

The candidate values for BLER target should take into account all the above considerations. Moreover, the lowest value should be testable, i.e. be not extremely low. The first value (higher one) may be selected from the range of 1-10 % in order to provide typical reliability for general low-latency services and the second value (lower one) may be selected from the range 0.001% - 0.01% in order to provide ultra-reliability. The following alternatives are considered for final selection:
· Alt.1: 10% and 0.001% (1e-1, 1e-5)

· Alt.2: 10% and 0.01% (1e-1, 1e-4)

· Alt.3: 1% and 0.001% (1e-2, 1e-5)

· Alt.4: 1% and 0.01% (1e-2, 1e-4)

Among the above listed alternatives, the first one corresponds to two typical values for eMBB and URLLC operation respectively and therefore would be a convenient choice from system perspective. Additionally, the ultra-reliable value of 1e-5 does not limit usage of lowest/highest MCS. In particular when gNB needs to calculate TX parameters for the BLER lower than the target one and UE reports “out of range” or the lowest CQI, there is an uncertainty how much spectrum is needed to a UE to fulfil the assumed error rate.
However, the lowest value of 1e-5 may not be friendly to UE implementation and testing and requires millions evaluation trials to be tested. Moreover, in this level the error floor component may be noticeable that would provide further mismatch from CQI conversion to a given target SNR. In that light, selection of 1e-4 as a second target BLER is preferred. Nevertheless, it is proposed to discuss all the alternatives and agree on one of them.
Proposal 1

· Select one of the following four alternatives of two target BLERs for CQI reporting for URLLC

· Alt.1: 10% and 0.001% (1e-1, 1e-5)

· Alt.2: 10% and 0.01% (1e-1, 1e-4)

· Alt.3: 1% and 0.001% (1e-2, 1e-5)

· Alt.4: 1% and 0.01% (1e-2, 1e-4)

In the same time, it was agreed that 1 or 2 separate CQI tables need to be defined for URLLC. It is noted, that the UE receiver may have the capability to support 256QAM processing and the EMBB CQI feedback mechanism can be used to support the reliability and latency required for URLLC. However, given URLLC transport block sizes of typically around 32-50 bytes, a single table targeting maximum modulation of 64QAM should be sufficient. Hence, whether 256QAM is included in the CQI tables for URLLC (i.e. for lower BLER targets) can be discussed further, though it is preferred not to support 256QAM for URLLC CQI table.
Furthermore, it is preferred that only one CQI table optimized for the lowest (i.e. second) BLER target is specified while the higher BLER target is associated with the legacy CQI table for 64QAM.
Proposal 2

· Single separate CQI table is defined for the second (i.e. lowest) BLER target while the legacy 64QAM CQI table is reused for the first (i.e. higher) BLER target

2.2 CQI Table Design

Based on the above considerations and proposal, in this section further details of CQI table design are provided.

Although it is desirable to support at least the same range of spectrum efficiency as for 64 QAM eMBB table, it may be not be optimal. To support eMBB SE range and additional lower values for URLLC, the table either needs to be extended to at least 5-bit or be designed with larger SE steps. Both approaches could bring issues to URLLC operations. The extended CQI table will increase UCI overhead and therefore reduce UCI reliability while the increased SE step for CQI may significantly diminish spectrum efficiency gains from the link adaptation.
Thus, a preferred way is to define a CQI table which targets lower SE values than the eMBB one keeping 4-bit CQI range. It may still be preferred to support the same maximum SE.
Observation 1
· It is preferred that the new CQI table for the lowest target BLER contains 15 values, i.e. employs 4-bit signaling, and supports the same maximum SE as the eMBB 64QAM table
2.3 MCS Table Design

It should be noted, that currently specified minimum MCS value corresponding to code-rate 120/1024 and QPSK modulation may not provide the target reliability assuming single-shot transmission. However, the effective code rate and SE may further be lowered by configuring repetition factor {2,4,8}. The repetitions may also lead to increased latency, therefore potentially the lowest MCS for the purpose of URLLC support may need to be defined. At least an MCS equal to the CQI = 1 with code-rate 78/1024 may need to be added. Alternatively, a scale-factor may be defined for code-rates of the MCS table.
Observation 2
· It is preferred that the minimum MCS to support URLLC services at least reuses the minimum CQI table entry 
3 Conclusions

In this contribution, the basic aspects of CQI/MCS design for URLLC support are discussed. The following observations and proposals are made:
Proposal 1

· Select one of the following four alternatives of two target BLERs for CQI reporting for URLLC

· Alt.1: 10% and 0.001% (1e-1, 1e-5)

· Alt.2: 10% and 0.01% (1e-1, 1e-4)

· Alt.3: 1% and 0.001% (1e-2, 1e-5)

· Alt.4: 1% and 0.01% (1e-2, 1e-4)
Proposal 2

· Single separate CQI table is defined (i.e. N = 1) for the second (i.e. lowest) BLER target while the legacy 64QAM CQI table is reused for the first (i.e. higher) BLER target
Observation 1
· It is preferred that the new CQI table for the lowest target BLER contains 15 values, i.e. employs 4-bit signaling, and supports the same maximum SE as the eMBB 64QAM table
Observation 2
· It is preferred that the minimum MCS to support URLLC services at least reuses the minimum CQI table entry 
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