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1. Introduction
According to the approval of NR study item in RAN#71 meeting [1], 3GPP RAN WG1 starts to study on NR new radio access technology including modulation schemes. As IMT for 2020 and beyond [2] is imagined to support various usage scenarios and applications/services, the study on scenario and requirements for Next Generation Access Technologies in 3GPP also includes the families of usage scenarios such as eMBB, mMTC and URLLC. To support these usage scenarios, some deployments scenarios and the corresponding KPIs are described in TR 38.913 [3]. Base on the defined deployment scenarios and KPIs, we provide some consideration points on modulation scheme for NR study.
2. Candidate Modulation Schemes for NR study
In this section, we discuss on baseline modulation scheme for NR study at first, and consider on potential modulation schemes for study in NR study item phase.
· Baseline modulation scheme for NR study
In OFDM-based LTE system, M-QAM (i.e. QPSK/16QAM/64QAM) is adopted as a basic modulation scheme. Also, in LTE-A, higher order modulation (i.e. 256QAM) is introduced for the capacity enhancement in small cell environment. While LTE/LTE-A system was implemented and deployed in a last decade, the ability of M-QAM is fully justified in various deployment scenarios (e.g. Rural Area, Urban Macro, Urban Micro, Indoor, etc.). Therefore, it seems natural that the M-QAM defined in LTE system is considered as a baseline modulation scheme for NR study when NR system is designed under OFDM waveform. Also, Pi/2-BPSK and Pi/4-QSPK adopted in NB-IoT for single-tone transmission can be a baseline for mMTC scenario in NR study.
Suggestion 1: M-QAM (i.e. QPSK/16QAM/64QAM/256QAM) defined in LTE/LTE-A should be considered as a baseline modulation scheme for NR study when NR system is designed under OFDM waveform.
· Potential modulation scheme for NR study
The key role of modulation scheme is mainly related with KPIs regarding spectral efficiency and data rate. In TR 38.913, the target peak data rate and target peak spectral efficiency for NR are described as below:

· The target for peak spectral efficiency: 30bps/Hz for downlink, 15bps/Hz for uplink

· The target for peak data rate: 20Gbps for downlink, 10Gbps for uplink

According to the definition of peak spectral efficiency [3], it is simply calculated that theoretical peak spectral efficiency is 30bps/Hz by assuming 64QAM, 8 layers, 10% guard band and 30% system overhead. Actually, higher spectral efficiency would be expected in low frequency band (e.g. below 6GHz) because higher order modulation and higher rank can be allowed. On the other hand, in high frequency bands (e.g. above 6GHz), lower spectral efficiency would be provided due to limitation of modulation order and rank. Therefore, we can see that peak data rate dose not be directly achieved from the multiplication of peak spectral efficiency and bandwidth.
In order to fulfil the target peak data rate, different approaches according to frequency bands (i.e. below 6GHz and above 6GHz) is necessary. For example, increasing spectral efficiency with higher modulation could be efficient way for low frequency band due to lack of bandwidth, and employing wider bandwidth could be a proper approach for high frequency band. Table 1 and 2 provide theoretical peak data rate calculated according to system bandwidth, modulation order and number of layers.
Table 1. Theoretical Peak Data Rate (Gbps) under Below 6GHz
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Table 2. Theoretical Peak Data Rate (Gbps) under Above 6GHz
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As a guideline for analysis, we capture some attributions described in TR 38.913 as below:
· Aggregated system bandwidth: 

Up to 200MHz (DL+UL) around 4GHz
Up to 1GHz (DL+UL) around 30GHz or 70GHz

· UE antenna elements: 

Up to 8 Tx/Rx antenna elements around 4GHz
Up to 32 Tx/Rx antenna elements around 30GHz or 70GHz
As shown in table 1 and 2, if 1.2GHz aggregated bandwidth (e.g. 200MHz bandwidth in below 6GHz and 1GHz bandwidth in above 6GHz) is provided, the peak data rate 21.1Gbps can be achieved by using 64QAM with 8 layers in below 6GHz and 4 layers in above 6GHz (blue colour box in table 1 and 2). On the other hands, given the condition of bandwidth limitation (e.g. 100MHz bandwidth in below 6GHz and 500MHz bandwidth in above 6GHz), it seems hard to meet the target peak data rate 20Gbps by 64QAM with 8 layers in below 6GHz and 4 layers in above 6GHz (red colour box in table 1 and 2). 
One of possible approach is a spectral efficiency enhancement by introducing higher order modulation (e.g. 256QAM, 1024QAM) and/or higher rank (e.g. 16 layers, 8 layers). However, since there is a limitation of allowable spectral efficiency in terms of implementation condition (e.g. EVM, geometry, etc.) according to frequency bands, it should be carefully considered to introduce higher order modulation and higher rank. 
Suggestion 2: Study on proper modulation order according to frequency bands (i.e. below 6GHz and above 6GHz) and implementation conditions (e.g. EVM, geometry, etc.) would be necessary for NR. 
3. Summary
In this document, we discussed on modulation scheme for the NR study. Our suggestions can be summarized as below. 
Suggestion 1: M-QAM (i.e. QPSK/16QAM/64QAM/256QAM) defined in LTE/LTE-A should be considered as a baseline modulation scheme for NR study when NR system is designed under OFDM waveform.
Suggestion 2: Study on proper modulation order according to frequency bands (i.e. below 6GHz and above 6GHz) and implementation conditions (e.g. EVM, geometry, etc.) would be necessary for NR.
4. Reference

[1] RP-160576, “New SID Proposal: Study on New Radio Access Technology,” NTT DOCOMO

[2] Recommendation ITU-R M.2083: IMT Vision - "Framework and overall objectives of the future development of IMT for 2020 and beyond"​ (September 2015)
[3] 3GPP TR 38.913, “Study on Scenarios and Requirements for Next Generation Access Technologies”
