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Introduction
Analogous to LTE, a CSI report can include any of the following CSI parameters: CRI, RI, PMI, and CQI. For Type I CSI, all these four parameters are applicable. For Type II CSI, at least RI, PMI, and CQI are applicable (the applicability of CRI for Type II is still being discussed).
This contribution presents our view on CQI definition. In particular, the following issues will be discussed:
· Calculation order
· CQI design (for different operations)

Calculation order
1 
2 
In LTE, the following hierarchy is established: 
· RI is calculated conditioned on CRI, if CRI is reported 
· PMI on CRI and/or RI, depending on whether CRI and/or RI are reported. If dual-stage codebook is used, the calculation of the second PMI is dependent on the first PMI. 
· CQI on CRI, RI, and/or PMI, depending on whether CRI and/or RI are reported. 
In general, at least two of these CSI parameters can be jointly selected when calculated on the UE side. For instance, RI and PMI (either a single index or a group of indices) can be determined together since they both characterize a codebook. When RI and PMI are calculated, CQI can be a byproduct if spectral efficiency is used as a metric for selecting these parameters. Within the given constraints (e.g. 10% BLER), the manner in which CSI parameters are calculated is a UE implementation issue.
Therefore, the above ordering establishes a priority rule among the four types of CSI parameter. This ordering or hierarchy sets some constraints on how the CSI parameters are calculated – yet still allowing some freedom for UE implementation.
When a CSI parameter is not reported, any dependencies on the parameter are skipped (e.g. when K=1 beam/resource is used, CRI is unnecessary; for TDD use cases, PMI may not be necessary; for “semi-open-loop” operation, only the long-term PMI needs to be reported in conjunction with CQI and RI). 
Since there is no strong reason to deviate from this ordering, the same CSI calculation dependency order can be adopted for NR. 

Proposal: Support the same CSI calculation ordering as that for LTE: CRI (highest priority) RI  PMI  CQI 

CQI design 
3 
4 
The bit-width of CRI, RI, and PMI has been set by some previous agreements:
· CRI: Since the maximum value of K is 8, CRI bit-width ranges from 1 to 3 if CRI is reported 
· RI: Since a maximum of 8 layers is supported for DL MIMO, RI bit-width also ranges from 1 to 3 if RI is reported 
· PMI bit-width is determined by the size of the configured codebook
In LTE, CQI is defined as recommended spectral efficiency under a similar constraint (e.g. 10% BLER within a pre-defined observation interval).
Furthermore, in LTE, CQI bit-width is given as follows:
· Base CQI (e.g. 1st CW or wideband CQI): 4 bits 
· When 256QAM is configured, the bit-width is kept the same   
· Differential CQI:
· For wideband CQI, 3-bit CQI for the 2nd CW (when RI>1 and CL SM is configured) is used
· For subband CQI, 2-bit subband CQI relative to the 4-bit wideband CQI is used for each applicable CW(s)
For NR, the following design principles can be used to determine the required bit-width for base CQI:
· In many deployment scenarios (such as homogeneous macro/micro-cell networks), network performance is typically interference-limited just as the case for LTE. Therefore, there is no strong reason to significantly depart from LTE design principle. In this case, the highest modulation order assigned for DL transmission is expected to be 64QAM. 
· In some scenarios (such as small-cells with interference coordination or COMP), significantly improved geometry distribution can occur (as inter-cell interference is lessened). In this case, the highest modulation order assigned for DL transmission is expected to be 256QAM or 1024QAM. When inter-cell interference is lower, the network may also benefit from higher-resolution CSI (which can be supported, e.g. by adding 1 more bit).  
· Support for CQI with reduced bit-width can also be beneficial considering the diverse use cases and deployment scenarios. For example, with low-cost UEs where higher-order QAM modulation is inapplicable, 2-bit or 3-bit base CQI is beneficial for reducing feedback overhead and hence unnecessary UL control resource usage.     
Overall, NR can benefit from a more flexible base CQI bit-width or, in general, base CQI table (i.e. for a given bit-width, several mapping schemes between CQI code points and spectral efficiencies.  

Proposal: 
· CQI definition follows that of LTE, i.e. recommended spectral efficiency under a similar constraint (e.g. 10% BLER within a pre-defined observation interval)
· At least 4-bit base CQI including QPSK, 16QAM, and 64QAM is supported 
· Investigate the benefits of supporting configurable CQI table and the extent of such configurability (e.g. bit-width, mapping between code points and spectral efficiencies for a given bit-width), for example, 2-bit and 5-bit base CQI    

[bookmark: _Ref446598642]Conclusions
In this contribution, further details on DL CSI acquisition framework for NR are proposed:
· Support the same CSI calculation ordering as that for LTE: CRI (highest priority) RI  PMI  CQI
· CQI definition follows that of LTE, i.e. recommended spectral efficiency under a similar constraint (e.g. 10% BLER within a pre-defined observation interval)
· At least 4-bit base CQI including QPSK, 16QAM, and 64QAM is supported 
· Investigate the benefits of supporting configurable CQI table and the extent of such configurability (e.g. bit-width, mapping between code points and spectral efficiencies for a given bit-width), for example, 2-bit and 5-bit base CQI    
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