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1 Introduction

From one-year study on new radio (NR) access technology, modulation schemes for NR have been captured in TR 38.802 as follows [1]:
For downlink,

· QPSK, 16QAM, 64QAM and 256QAM (with the same constellation mapping as in LTE) are supported.
For uplink,

· QPSK, 16QAM, 64QAM and 256QAM (with the same constellation mapping as in LTE) are supported. 0.5 pi-BPSK is also supported for DFT-s-OFDM.
This contribution discusses remaining issues on modulation schemes for NR.
2 Discussion
Support of higher order modulation
To meet the demands on the rapidly increasing mobile traffic, NR needs to support the transmission of the very high data rate for eMBB. One of straightforward ways to obtain high data rate is to enhance the spectral efficiency by increasing the number of layers and/or the modulation order. In the small cell deployment such as indoor, the received channel quality at a UE can be very high so that even higher order modulation, e.g., 1024 QAM may be used. However, it is necessary to study its feasibility such as error vector magnitude (EVM) requirement and performance gain. Since feasibility study on 1k-QAM support is going in [2], NR can also support 1k-QAM if needed.
Proposal 1: NR supports 256QAM for downlink and uplink. For more enhancing the spectral efficiency, NR can support 1k-QAM after verifying its feasibility.
Constellation rotation for multiplexing of different transmission durations
In last RAN1 meetings, it is agreed that NR supports pre-emption based multiplexing data with different transmission durations for dynamic resource sharing for those things. Therefore, when data traffic having short transmission duration (e.g. URLLC) is occurred during another data traffic having long transmission duration (e.g. eMBB), gNB can allows puncturing of data symbols having long transmission duration in the overlapped resource region with data having short transmission duration. However, if the eMBB receiver is not aware of its pre-empted resources, eMBB performance can be drastically degraded due to wrong received signals incurred by URLLC data. Thus, it is agreed that for DL, NR supports indication of time and/or frequency region of impacted eMBB resources to respective eMBB UE(s), but most of details are still FFS. Since the pre-emption indicator should have time and/or frequency information on pre-empted resources and for reliable transmission of the pre-emption indicator, channel coding scheme with low code rate should be applied, control signal overhead for explicit pre-emption indication can be quite large. For this reason, fully or partial implicit indication methods and appropriate blind detection methods for pre-emption information can be considered as one of good alternatives for reducing control signal overhead. In our companion contributions [3], BLER performance of eMBB receiver performing blind detection for pre-empted resources is evaluated and QAM having constant phase shifted constellation as a modulation scheme for URLLC is proposed for helping eMBB receiver to blindly detect pre-empted resources.
Proposal 2: Support QAM having constant phase shifted constellation for data traffic having short transmission duration (e.g. URLLC) to blindly detect pre-emption information at the eMBB receiver.
3 Conclusion
In this contribution, we discussed remaining issues on modulation schemes for NR. The proposals are as follows.
Proposal 1: NR supports 256QAM for downlink and uplink. For more enhancing the spectral efficiency, NR can support 1k-QAM after verifying its feasibility.
Proposal 2: Support QAM having constant phase shifted constellation for data traffic having short transmission duration (e.g. URLLC) to blindly detect pre-emption information at the eMBB receiver.
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