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1 Introduction

In [1], the newly approved SI on the next generation (5G) radio access technology has as one of its objectives the following:

· Waveform based on OFDM, with potential support of non-orthogonal waveform and multiple access

In [2], we have presented an overview and comparisons of the various non-orthogonal multiple access methods. The gains and benefits of non-orthogonal methods have also been studied in other study item [3]. Non-orthogonal multiple access methods efficiently support higher capacity with greater flexibility and robustness, as well as adaptability towards large number of connections. These properties contribute towards a better user experience for eMBB services even mixed with other traffic types, and other use cases that have been identified for 5G such as mMTC and URLLC services.
In this contribution, we introduce and describe one of the non-orthogonal multiple access proposal, namely the Sparse Code Multiple Access (SCMA). We will present the basic concept of SCMA, its key features, and finally its transmission and reception operations.  

2 Introduction of SCMA
2.1 An SCMA Implementation Example

Figure 1 illustrates a basic system model with SCMA [4]
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[5] where the coded bits of a data stream are directly mapped to a codeword from a codebook built based on a multi-dimensional constellation. As can be seen in Figure 1, the basic structure of SCMA implementation would be similar to LTE transmission model, with a key difference of joint design of modulation and spreading. SCMA utilizes low density spreading, which has been used in the LDS (low density signature) technique in CDMA and hereafter referred to as sparse spreading. An introduction of multi-dimensional modulation for 5G new radio can be found in [6]. The model shown in Figure 1 can be used for both UL and DL. 
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Figure 1. SCMA Codebook Mapping 
For illustration, the SCMA mapping and multiple access procedure are explained as following:

a) Codebook mapping
SCMA would have layer mapping similar to LTE, i.e. one or multiple SCMA layers can be assigned to a user/data stream. A difference is at each SCMA layer, the SCMA would also do mapping from information bits to codewords, i.e. the SCMA modulator maps input bits to a complex multi-dimensional codeword selected from a layer-specific SCMA codebook. SCMA codewords are sparse, i.e. only few of their entries are non-zero and the rest are zero. All SCMA codewords corresponding to a SCMA layer have a unique location of non-zero entries, referred to as sparsity pattern for simplicity. 
Figure 2 shows an example of a codebook set containing 6 codebooks for transmitting 6 data layers. As can be seen, each of the codebook has 8 multi-dimensional complex codewords that correspond to 8 points of constellation, respectively. The length of each codeword is 4, which is the same as the spreading length. Upon transmission, the codeword of each layer is selected based on the input bit sequence. In the downlink, as shown in Figure 2 , the codewords from different layers are combined before the OFDM modulator. In the uplink, for a single layer UE transmission, each SCMA codeword is first fed into the OFDM modulator resulting in multiple independent SCMA layers over the air transmissions from different users. 
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Figure 2. SCMA codebook bit-to-codeword mapping
b) Multiple access procedure
Figure 3 shows an example of multiple access of 6 users with the SCMA layer-specific codebooks illustrated in Figure 2. Each user is assigned with one SCMA codebook (in the example, user i takes codebook for layer i, i = 1, 2, …, 6). After FEC encoder (e.g., turbo encoder), each user’s coded bits are then mapped to the SCMA codeword according to its assigned codebook. The SCMA codewords are further combined over OFDM tones and symbols are transmitted in terms of SCMA blocks, similar to resource block concept in LTE.
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Figure 3. Multiple Access with SCMA
The main characteristic of multiple access with SCMA can be summarized as follow: 
· Code domain non-orthogonal signal superposition: It allows superposition of multiple symbols from different users on each resource element (RE). For example, in Figure 3, on RE 1, symbols from UE1, 3, and 5 are overlapped with each other. The superposition pattern on each RE can be statically configured or semi-statically.
· Sparse spreading: SCMA uses sparse spreading to reduce the number of symbol collisions. For example, in Figure 3, there are 3 symbols from different UEs are colliding over each RE, instead of 6 (in the case of non-sparse spreading). 
· Multi-dimensional modulation: SCMA uses multi-dimensional modulation instead of linear spreading as in CDMA [6].  
2.2 Codebook Design Considerations
SCMA is characterized by its codebook. The codebook is also what distinguishes SCMA from other non-orthogonal multiple access schemes. The design of SCMA codebook is based on joint optimization of the sparse spreading pattern design and the multi-dimensional modulation design. In general, the aim of the codebook design is to provide good distance properties (Euclidean and/or Product) among the points in the overall multi-dimensional constellation to maximize the coding/shaping gain.
Another feature of SCMA codebooks is the possibility of having lower number of projection points over each resource element [6]. This is due to the multi-dimensional nature of the codebooks which allows two constellation points to collide over some of the non-zero components, as they can still be separated over the other non-zero components. An example is shown in Figure 4 below in which the constellation points corresponding to 01 and 10 collide over the first tone, but are separated over the second tone, making the number of projection points equal to 3 instead of 4.
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Figure 4. Example of low-projection SCMA codebook.
2.3 Encoding and Decoding Operations 
The encoding operations, for both the uplink and downlink, involve replacing the QAM modulator with a SCMA modulator which maps the coded bits directly to the multi-dimensional codeword from the standardized codebooks. 
The decoding operations replaces the single user channel equalization and QAM de-mapper of existing LTE receiver with a SCMA demodulator that jointly detects the superposed data layers and output separate LLR results to the turbo decoders of each layer. As a result of the sparse nature in SCMA codebooks, low complexity message passing algorithm (MPA) [7] could be employed to get near maximum likelihood (ML) detection performance with reasonable complexity. 
3 Benefits 
Enabled by all these characteristics given in section 2.1, SCMA can benefit 5G new radio transmission by high capacity, massive connectivity, low overhead and etc. For example, in Figure 3, 6 data layers can be supported by spreading length 4, resulting in an overloading factor of 150%. The sparseness in the code domain spreading further reduces inter-layer interference so that more symbol collisions can be tolerated with reasonable receiver complexity. In addition, multi-dimension modulation provides more energy-efficient transmission with further complexity reduction, by using SCMA codebooks with low number of projection points [6]. This makes SCMA an important component for supporting low-latency and low-overhead grant-free transmissions for small and sporadic arriving packets. Furthermore, SCMA can be easily adapted to provide open-loop multi-user multiplexing, with hybrid code and power domain superposition of users, both in single-cell and multi-cell scenario [8]
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 \* MERGEFORMAT [9] which provides improved system capacity with uniform user experience, and more flexibility and robustness against interference and channel aging. 
Proposal 1: Multi-dimensional modulation and sparse spreading should be further studied as a candidate scheme for non-orthogonal multiple access for 5G new radio.
4 Conclusions
In this contribution, we introduced SCMA with sparse spreading and multi-dimensional constellation design. The promising aspects of SCMA for better spectrum efficiency and capacity improvement are explained. To sufficiently investigate the benefits of SCMA　for fulfilling the usage scenarios requirements identified in eMBB, mMTC, and/or URLLC, we have 
Proposal 1: Multi-dimensional modulation and sparse spreading should be further studied as a candidate scheme for non-orthogonal multiple access for 5G new radio.
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