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1
Introduction
Non-orthogonal multiple access (NOMA) was studied at Rel.14 SI until RAN1#86bis. The discussion is being reinitiated based on a SID that was approved in RAN#75[1] and revised in RAN#76 [2]. The objective of NOMA SI is to further progress on the NOMA performance evaluation focusing on uplink, and provide recommendation about the key design features to be specified later. In this contribution, we give our considerations on the NOMA trasnmitter. 
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Discussion
In this section, let’s focus on the categorization of diverse NOMA candidate techniques, especially the NOMA transmitters and their dedicated philosophies to enable non-orthogonal superposition. In Fig.1, a very high level categorization of NOMA techniques is provided, and let us discuss about them step by step in the rest part of this section.
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Fig.1: High level categorization of NOMA techniques
· Power domain NOMA
The word Non-Orthogonal Multiple Access (NOMA) was firstly proposed as a narrow-sense multiuser technique [3], which exploited user-specific power levels and Successive Interference Cancellation (SIC) to recover the data streams of multiple users [4]. 
As the emerging of 5G New Radio (NR), NOMA is becoming a wide-sense concept to enable superposition of user signals. As a matter of fact, the wireless independent fading of different users will naturally pose a power imbalanced scenario at the receiver. Thus, the NOMA receiver should be generally capable of exploiting the distinguishing power level of the users and decoding their message. This makes the power domain processing capability as a general requirement of all wide-sense NOMA candidate solutions. In other word, an optimum NOMA transmitter should jointly take into account the power level and channel fading effect to approach the optimal power distribution at the NOMA receiver. A power-imbalanced NOMA system exhibits higher capability to accommodate user signals than a power-balanced NOMA system. Thus, the adjustment in power domain preferably belongs to all the wide-sense NOMA solutions, if it is applicable.
· Code-based NOMA

In Fig.2, the generic transmitter structure of code-based NOMA is presented. Notice that the bit 
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 is transformed to a codeword, according to a given mapping rule. The codewords can be selected from a codebook. Alternatively, assigning the bits combination with a spreading code to a user is equivalently codeword mapping as well. 
Furthermore, as depicted in Fig.2, the codeword will be then mapped to the resource in sense of symbols and subcarriers. The mapping can be executed both with a sparse format or a non-sparse format. Now let’s summarize some known NOMA candidate solutions with respect to their key characteristics on codeword mapping and resource mapping:
· SCMA [5]: codebook based; sparse format;

· MUSA [6]: spreading based; non-sparse format;

· NOCA [7]: spreading based; non-sparse format;

· PDMA [8]: spreading based; sparse format;

· NCMA [9]: spreading based; non-sparse format;

· LDSSVE [10]: spreading based; sparse format;
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Fig.2: Generic transmitter of code-based NOMA techniques
For NOCA, the sequences used have good properties like constant modulus thus low cubic metric, good auto-correlation and cross-correlation and low memory and complexity requirements. It might also support multiple spreading factors for flexible adaptation. We are using the QPSK sequences 
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that have such properties. Here
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is given in appendix for speading factor equals to 6 and 12 for each root
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· Permutation-based NOMA
In Fig.3, the generic transmitter structure of permutation-based NOMA is presented. Permutation can be realized by randomizing the data sequence with user-specific interleaving or user-specific scrambling. In the next stage, the resource mapping can be as well executed both in a sparse format or a non-sparse format.
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Fig.3: Generic transmitter of permutation-based NOMA techniques
Similarly, we are able to summarize the known NOMA candidate solutions with respect to their key characteristics on permutation and resource mapping:
· IDMA [11]: bit or symbol level user-specific interleaving; non-sparse format;

· RSMA [12]: bit level user-specific scrambling; non-sparse format;

· IGMA [13]: bit and symbol level user-specific interleaving; sparse format;

· LSSA [14]: user-specific short block permutation; non-sparse format.
For IDMA, the bit or symbol level interleaving is user-specifially exploited before or after the modulation, respectively. From the view point of factor graph, the user-specfic interleaving equivalently randomizes the structure of the users’ encoders, and enables the user to make use of this signature to recover the data signal by means of advanced receiver. 
3
Conclusions
In this contribution, we basically overview the NOMA transmission techniques from very high level, and the categories of NOMA transmitters are discussed. They are code-based NOMA schemes and permutation-based NOMA schemes. It is also emphasized in this document that elegant power allocation helps to enhance the superposition capability of NOMA. Secondly, some NOMA candidate solutions in 5G NR are classified into the corresponding category. This provides thus the further comparison of different 5G NR NOMA schemes a common overview from transmitter side, which is the major purpose of this contribution.  
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