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Introduction
In general, for the conventional DL/UL multiple access (MA) scheme, three design criteria have been considered as spectral efficiency, energy efficiency and system complexity. In NR (New RAT) design, three use cases are considered as eMBB, mMTC, and URLLC with several KPIs for IMT 2020 RIT submission [1]. Specially, some KPIs such as massive connectivity, spectral efficiency and latency, might be enormously challenging. As the first step toward NR design, the MA schemes for NR are discussed in this document.

Orthogonal Multiple Access (OMA)
Orthogonal frequency division MA (OFDMA) has been selected as the multiple access scheme for downlink (DL) and single carrier OFDMA (SC-OFDMA) for uplink (UL) in legacy LTE system. In DL, OFDMA can achieve low complexity and high spectral efficiency without mutual interference in the ideal environments. In UL, SC-OFDMA can achieve low complexity and low peak-to-average power ratio (PAPR) for the UEs. Observations on the OMA schemes are summarized as follows.

1) OFDMA for DL
A. High PAPR
B. High spectral efficiency
i. Free of mutual interference / well support high-rate packet transmission / robust to multipath fading / flexible use of bandwidth
C. Low complexity at the transceiver
2) SC-OFDMA for UL
A. Low PAPR 
i. High energy efficiency / wider coverage than OFDMA
B. Similar level of throughput compared to OFDMA
i. Some loss of performance
C. Low complexity at the transceiver

For the above reasons, the OMA schemes are considered as strong candidates for the DL/UL transmission scheme also in NR, and these schemes need to be considered as main MA scheme for NR to provide high spectral efficiency, free of mutual interference and to maintain low complexity. In other words, OFDMA/SC-OFDMA seems still attractive for DL/UL also in NR, and moreover, OFDMA can be also considered as the MA scheme for UL in NR if PAPR of the UE is not important issue.

In the OMA schemes, however, since the number of simultaneous accesses or connections is limited to the number of usable resources, it may not be easy to achieve the KPIs of NR only with the OMA schemes, mentioned in Section 1. Furthermore, the OMA schemes may not fit to contention based MA for achieving low latency due to the limitation of the number of accesses or connections.

Non-orthogonal Multiple Access (NoMA)
The NoMA schemes have been proposed for the increase of the connectivity or the system throughput. These schemes are based on the spreading code (e.g. CDMA based approaches) or the difference of power level (e.g. MUST scheme in Rel-13). In case of specific channel environments with system optimizations (e.g. power allocation or user scheduling); the NoMA schemes can provide the improved connectivity or the increased system throughput compared to the conventional OMA schemes. However, NoMA schemes have some defeats, such as scheduling complexity, encoding/decoding complexity, loss of BLER, and limited environments.

In the NoMA schemes, multiuser interference (MUI) is inherently induced. Considering this, to minimize the MUI theoretically, one of NoMA schemes based on the spreading codes with the minimum correlation can be suggested as Non-orthogonal Coded MA (NCMA). NCMA is a MA scheme based on the resource spreading by using non-orthogonal codewords, which is composed of the codewords obtained by Grassmannian line packing problem [2].

Let the non-orthogonal codebook defined by , where N is the spreading factor and K is the superposition factor. Then, the codebook design problem can be posed in terms of maximizing the minimum chordal distance between codeword pairs:
, where  is the conjugate codeword of . Consequently, the non-orthogonal codebook obtained by Grassmannian line packing problem provides two conditions as follows.

1) Correlations between codeword pairs:  
2) Lower bound of the cross correlation between codeword pairs:  
or Upper bound of the chordal distance between codeword pairs: 

The transceiver structure of NCMA is assumed and illustrated in Figure 1. Here, UE specific non-orthogonal code cover (NCC) represents a non-orthogonal codeword allocated to each UE.
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Figure 1. An example of the transceiver structure of NCMA in UL

NCMA can provide the additional throughput or improved connectivity with a small loss of BLER in specific environments, by exploiting additional layers through superposed symbol, while satisfying QoS constraints. Since the receiver of NCMA system is available for parallel interference cancellation (PIC), the multiuser detection can be implemented with low complexity. In addition, the MUI level between codeword pairs is always similar due to the correlation characteristics mentioned above. Consequently, NCMA provides the potentials in terms of throughput or connectivity under special scenarios, e.g., huge connections with small packet in mMTC scenario without changing TB size, or for reducing the collision probability in contention based MA. 

Hence, in special scenarios, the NoMA schemes may provide valuable alternatives, e.g., CDMA based approaches can efficiently provide low rate services to a large number of users. Nevertheless, to consider NoMA schemes including NCMA for NR, it should be justified for advantages and complemented to defects, such as mutual interference, complexity, processing delay, limited benefit, channel variation effect, and so on. In this sense, it may need to consider benefit from combination of multiple MA schemes, including OMA and NoMA schemes in special scenarios for NR design.

Summary
In this document, we discussed on MA for the NR. Our suggestions can be summarized as below. 

Suggestion 1: OMA (e.g. OFDMA for DL, SC-OFDMA for UL) should be considered as a baseline MA scheme for NR study.
Suggestion 2: OFDMA can also be considered as MA scheme for UL in NR if PAPR of the UE operating in NR system is not important issue. 
Suggestion 3: To consider NoMA schemes as a candidate of the MA schemes in NR, it is required to justify the advantages and/or to complement the defects.
Suggestion 4: It can be considered to use NoMA scheme such as NCMA in order for supporting massive connectivity or contention based MA in special scenarios.
Suggestion 5: Combination of multiple MA schemes, including OMA and NoMA schemes can be considered for NR design in special scenarios.
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