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1. [bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
In RAN #103 e-meeting, DL and UL 16QAM were further discussed for NB-IoT. In this contribution, we consider channel quality report for NB-IoT 16QAM and provide initial proposals.
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From the objective of WI of NB-IoT 16QAM, the information bits of channel quality report are transmitted on MAC layer based on the framework of Rel-14/16 [1]. The Rel-14/16 channel quality for NB-IoT is defined as the number of NPDCCH repetitions that the UE decodes hypothetical NPDCCH with BLER of 1%. The number of NPDCCH repetitions correspond to reported value based on mapping table specified in Table 9.1.22.15-1/Table 9.1.22.15-2 of TS36.133. Thus, it can be observed that Rel-14/16 channel quality report is used to reflect NPDCCH channel state. But for DL 16QAM, the channel quality report should indicate the channel state of NPDSCH differentiated from NPDCCH. 
Observation 1: For DL 16QAM, the channel quality report should indicate NPDSCH channel state differentiated from the number of NPDCCH repetitions.
According to LTE/eMTC CQI definition, a CQI index corresponding to modulation scheme, code rate and spectral efficiency is reported with PDSCH BLER not exceeding 10%. We recommend to reuse LTE/eMTC CQI definition for DL 16QAM for NB-IoT. In Rel-16, NPDSCH data is transmitted by using QPSK modulation. The modulation mode is single and the TBS range is limited, so CQI report is not adopted in specifications. Whereas, when 16QAM is introduced in NB-IoT, there will be more configurable modulation and coding schemes for NPDSCH. The channel quality report with respect to modulation scheme and coding data rate is beneficial to improve DL data rate. Thus, CQI table, measurement reference resource and some relevant specification impacts need to be considered in RAN1.
The CQI table can contain QPSK and 16QAM modulation schemes covering from low spectral efficiency to high spectral efficiency to meet different channel state requirements. Thus, DL transmission efficiency and reliability are improved for NB-IoT when CQI report is enabled. Considering that DL TBS and MCS are extended to support 16QAM, the CQI table can be defined based on MCS table.
Proposal 1: The CQI table can contain QPSK and 16QAM modulation schemes covering from low spectral efficiency to high spectral efficiency to meet different channel state requirements.
· CQI table is defined based on DL 16QAM MCS table
In addition, there is no high data rate requirement for Msg4 in NB-IoT and the few reserved bits in Msg3 are not sufficient for CQI report. Hence Rel-17 CQI report can only be supported in connected mode.
Proposal 2: CQI report can only be supported in connected mode for NB-IoT 16QAM.
For the measurement reference resource, in the frequency domain, the UE can only measure CQI on the PRB used to monitor USS NPDCCH and the associated NPDSCH. In the time domain, whether to use a single subframe or multiple subframes to measure channel quality can be based on UE implementation. In Rel-14/16 NB-IoT, RAN1 has not defined measurement reference resource for channel quality report. Therefore, for Rel-17 CQI report, the measurement reference resource may not be specified for NB-IoT.
Proposal 3: Measurement reference resource may not be specified for CQI report for NB-IoT 16QAM.
3. Conclusion
In this contribution, we discuss channel quality report for NB-IoT 16QAM. The relevant observation and proposals are given as following:
Observation 1: For DL 16QAM, the channel quality report should indicate NPDSCH channel state differentiated from the number of NPDCCH repetitions.
Proposal 1: The CQI table can contain QPSK and 16QAM modulation schemes covering from low spectral efficiency to high spectral efficiency to meet different channel state requirements.
· CQI table is defined based on DL 16QAM MCS table
Proposal 2: CQI report can only be supported in connected mode for NB-IoT 16QAM.
Proposal 3: Measurement reference resource may not be specified for CQI report for NB-IoT 16QAM.
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