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1. Introduction
In NR, CQI table design and the associated CQI reporting haven’t been discussed yet. At least the following open issues need to be addressed.
-	CQI table design based on LDPC
-	UE assumptions for CQI derivation
-	CSI reference resource definition
In this contribution, we discuss the above design aspects on NR CQI reporting and MCS indication.
2. Discussion on NR CQI report
Number of CQI tables
In LTE, two 4-bit CQI tables can be configured. The first table is targeted for macro cell coverage with 64QAM as the highest modulation order. The use case of the other table is for low power small cell with 256QAM as the highest modulation order. For small cell, as 256QAM can provide good receive performance and high spectral efficiency, it’s beneficial to have 256QAM entries in CQI table. On the other hand, for macro cell coverage, it’s difficult to ensure the receive performance of 256QAM e.g. due to EVM issue. In addition, if 256QAM is introduced to CQI table for macro cell coverage with 4 bits reporting retained, quantization accuracy of CQI for this use case is reduced, which would cause performance loss. Therefore, for different scenarios, different sets of CQI entries are required. 
According to the above analysis on principle of CQI table designing, at least two options can be identified:
-	Opt-1: Design multiple CQI tables for various scenarios
-	Opt-2: Design one unified CQI table for various scenarios
Opt-1 is legacy LTE approach. Two tables are designed for achieving higher data rate in low power small cell and ensuring coverage in scenarios like macro cell, respectively. This option would simplify signaling design as a simple RRC signaling is often sufficient for selecting the  CQI table.  To support scenarios which switching between macro and small cell or interference coordination is needed, it is desirable to support multiple CQIs based on different CQI tables by per subframe set CQI table configuration. 
If Opt-2 is adopted, different scenarios would use the entire or subsets of the entries in the unified table. The subset can be configured via bitmap or a range of codepoints. This would cause more standardization effort on complicated signaling design. In fact, Opt-2 would achieve same effect as Opt-1 with more complex signaling design. Thus we prefer Opt-1 than Opt-2. 
Proposal 1: NR supports at least two CQI tables for up to 64QAM and 256QAM, respectively.
-	The CQI table is selected by RRC signaling per subframe set.
The next question is how to design CQI tables for up to 64QAM and 256QAM. In LTE, 256QAM table is obtained by removing several even entries of lower modulation, e.g., QPSK, and adding 256QAM entries in 64QAM table. As 256QAM is targeted for small cell coverage and 64QAM is targeted for macro cell coverage, CQI quantization accuracy for lower modulation in 256QAM table is not necessarily to be the same as which in 64QAM table. Relaxing CQI accuracy for lower modulation in 256QAM table helps to fit the final overhead of 256QAM into 4 bits. Some common entries in these two tables help to reduce specification effort and UE implementation complexity. Hence LTE approach for CQI table design can be the baseline in NR. Further, different from turbo code, the SNR-BLER curve for LDPC is not a near-linear curve. Then if SE is still near-linear with CQI index, the final SNR-BLER points cannot be near-linear. Hence in order to shape the SNR-BLER plots nearly linear, detailed code rate or SE values need to be adjusted a bit for LDPC.
Proposal 2: LTE approach to design CQI tables is the baseline in NR.
-	Note: Detailed SE values need to be adjusted for LDPC.
UE assumptions for CQI calculation
In LTE, CQI is derived based on CSI reference resource and some assumptions on data transmission by UE. UE identifies CSI reference resource based on the timing condition of the associated CSI reporting. Then some parameters used for CSI reporting, e.g., number of symbols in a subframe depending on the reference resource is a special subframe or a normal subframe. On the other hand, UE assumes some other parameters for data transmission, e.g., resources used for PDCCH, number of REs occupied by RS and so on. Moreover, the target BLER of LTE CQI selection is 0.1 for one TB size.
In NR, some new design aspects appear. One critical issue is NR needs to support various types of service. For NR phase I, at least URLLC and eMBB need to be supported in NR. 
For URLLC, BLER target should be lower than 0.1. To achieve CQI targeting BLER lower than 0.1, one simple approach is that gNB compensates MCS based on UE’s CQI reporting targeting 0.1 BLER. However, performance of this implementation solution is difficult to be guaranteed as gNB cannot acquire information like interference and UE’s receiver. As UE can acquire the entire channel and interference better than gNB, a better solution is that UE derives CQI based on a target BLER lower than 0.1. Hence for CQI derivation, gNB can configure UE to report CQI based on the target BLER.
Another issue related to URLLC is NR would support both slot-based and mini-slot based transmission. For slot-based transmission, number of OFDM symbols per slot can be 7 or 14, whereas number of symbols per mini-slot can be  2-14. If the number of symbols in the reference resource is too small, CQI derived from reference resource cannot reflect preferred MCS and TB size for normal number of symbols per slot, and vice versa. That’s why in LTE, the length of DwPTS should be larger than 7680Ts if the CSI reference resource is a special subframe. One approach to solve this issue in NR is that gNB configures the number of symbols per slot to UE for CQI derivation. Then gNB can configure CQI reporting based on its potential need for data scheduling.  This makes it decoupled with the number of symbols in CSI reference resource. Moreover, a set of numbers of symbols can be configured to UE in one or more report settings, and DCI is used to trigger one in each aperiodic CQI reporting.
Overhead of RS in CSI reference resource also needs to be taken into account for CQI derivation. In LTE, overhead of CRS, CSI-RS and UE-specific RS depends on transmission mode based on some complex rules lacking flexibility. If we adopt similar approach in NR, more complicated results would be drawn as we have UE-specific configuration on CSI-RS, DMRS, PTRS and TRS, and transmission scheme can be transparently and dynamically changed. One simple and flexible approach is that gNB configures overall rate matching patterns to UE for CQI derivation. Multiple configurations are possible in one or more report settings, and gNB can trigger one configuration for aperiodic CSI reporting.
Proposal 3: Support gNB configuration of at least the following parameters to UE for NR CQI derivation, FFS signaling details
-	Target BLER,
-	Rate matching pattern,
-	Number of DL symbols per slot.

3. [bookmark: _GoBack]MCS indication

For the indication of MCS/RV/NDI, some combination of MCS and RV are not useful since lower MCS requires less number of RV. Therefore, information of at least MCS and RV should be indicated jointly.  In addition, number of MCS fields depends on the number of layers and hence the number of DMRS ports. In order to reduce DCI overhead, joint encoding of DM-RS information and MCS/RV can be considered.  Dynamic changing in full range of number of layers and MCS is often not needed.  It is beneficial to configure the necessary range of MCS and number of layers more flexibly according to the need. This can be configured under transmission setting as described in our companion contribution[3].
Proposal 4: Joint indication of MCS and RV is supported. Selective combination of MCS/RV and DMRS information can be configured jointly in transmission setting.   

4. Conclusions
In this contribution, we discuss several aspects on CQI reporting in NR involving CQI table design and UE assumption for CQI derivation. Based on the discussion, we have the following proposals.
Proposal 1: NR supports at least two CQI tables for up to 64QAM and 256QAM, respectively.
-	The used CQI table is configured with high layer signaling. 
Proposal 2: LTE approach to design CQI tables is the baseline in NR.
-	Note: Detailed SE values need to be adjusted for LDPC.
Proposal 3: gNB configures at least the following parameters to UE for NR CQI derivation, FFS signaling details
-	Target BLER,
-	Rate matching pattern,
-	Number of symbols per slot.
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