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1. Introduction
Non-orthogonal multiple access gained high interest in academia and standardization [1], as an alternative to orthogonal multiple access (OMA) for 5G-NR to support massive connectivity and increase system capacity. In the RAN#80 meeting, the study item on non-orthogonal multiple access for NR-Rel.16 has been approved [2]. The detailed objectives for this study have been identified as (1) transmitter / (2) receiver – side processing, (3) NOMA – related procedures and (4) evaluation methodology. The plethora of NOMA techniques can be roughly categorized into two main classes: signature-domain multiplexing, and power-domain multiplexing. In the latter class, signals corresponding to different users are superimposed, and commonly decoded via successive interference cancellation (SIC). Signature-domain multiplexing is based on distinguishing spreading codes, and/or interleaver sequences (concatenated with low-rate error-correcting codes).
Low-density code-domain (LDCD) NOMA is a prominent sub-category of signature-based multiplexing, which relies on low-density signatures (LDS). Sparse spreading codes comprising a small number of non-zero elements are employed for linearly modulating each user's symbols over shared physical resources. Significant receiver complexity reduction can be achieved by utilizing e.g. message-passing algorithms (MPAs), which enable user separation even when the received powers are comparable (as opposed to power-domain NOMA). Different variants of LDCD-NOMA have recently gained much attention in standardization, for instance, Sparse-Code Multiple-Access (SCMA) [6], [5] further optimizes the low-density sequences to achieve shaping and coding gains by using multidimensional constellations.
The sparse mapping between users and resources in LDCD-NOMA can be either regular, where each user occupies a fixed number of resources, and each resource is used by a fixed number of users; or irregular, where the respective numbers are random, and only fixed on average. Understanding the fundamental information-theoretic performance limits of the various NOMA technologies, suggested in recent years, is crucial for efficient state-of-the-art designs of future 5G-NR cellular communication systems.
2. NOMA symbol-to-resource mapping
One of the Tx processing steps is the symbol-to-resource mapping, i.e. the predefined “structure” according to which the information-carrying messages of the individual layers are mapped to the shared resources. For a NOMA system with K users sharing N resources in a non-orthogonal fashion, a design parameter considers the sparsity of the signatures, i.e. the ratio of non-zero entries over N. An example is depicted in Figure 1, where the explicit resource mapping is represented as binary N x K matrix F.
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Figure 1 Examples of symbol-to-resource mappings for different classes of NOMA: Power-Domain (PD), Sparse Spreading (SS) and Full-Spreading (FS). The row-index correspond to the resource element, the column-index represents the signature (UE-) ID.
Only some results exist in literature considering the general structure of the signature matrix. As two examples: For low-density coded NOMA, the general performance limits of low-density spreading NOMA is investigated in the asymptotic regime in [4]. It is shown for random1-sparse signatures, the spectral efficiency is higher than that of dense spreading, especially in the overloaded regime. In [3], a theoretical analysis for low-density spreading NOMA assuming regular-sparse constructions, reveal a better performance compared to irregular but also when compared to dense constructions. However, general trade-offs between different resource mapping designs (F, see Figure 1) in terms of degree-of-sparsity, regularity and dimensions are still open. Further, the receiver structure needs to be considered.
Observation 1: The fundamental performance trade-offs between spreading-density, regularity and dimensions of the symbol-to-resource mapping is a design parameter for adapting the system to different network KPIs. 
Thus, it is important to have a flexible “construction”, with appropriate dimension scaling, which allows to trade-off different service requirements. The construction method should be flexible in the sense that it allows the support of a wide number of combinations of system parameters, i.e. number of users/layers, number of resource elements, the number of resources occupied by each layer, the number of layers sharing the same resource and overload factor.
With such a general mapping, NR-NOMA can trade QoS requirements such as latency, reliability and spectral efficiency in a flexible manner, making it appropriate for both unscheduled transmissions targeting mMTC scenarios, as well as scheduled transmission targeting eMBB and URLLC scenarios. On the other hand, regular sparse construction gives signatures with small density, which support decoding algorithms with low computational complexity. Sparse construction naturally incorporates user transmission with random activation, making it also amenable for a use as a grant-free scheme for non-orthogonal random access. 
Proposal 1: We propose to study a scalable symbol-to-resource mapping –design, which can be parameterized by a large number of system parameters and network KPIs, (e.g. overload) or service requirement (e.g. latency).
3. Conclusion

In this contribution, we motivate the discussion on a scalable symbol-to-resource mapping for NR-NOMA. Such a scalable construction can be combined with other code-domain NOMA-techniques, both with sparse spreading (such as SCMA and LDS), and dense spreading and hence contribute to the discussion on a unified NOMA framework within 5G.
Observation 1: The fundamental performance trade-offs between spreading-density, regularity and dimensions of the symbol-to-resource mapping is a design parameter for adapting the system to different network KPIs.
Proposal 1: We propose to study a scalable symbol-to-resource mapping –design, which can be parameterized by a large number of system parameters and network KPIs, (e.g. overload) or service requirement (e.g. latency).
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