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1. Introduction
NOMA studies in 3GPP started with the Rel. 14 NOMA SI where different schemes were investigated. Leading up to RAN1 #86b meeting, preliminary NOMA simulations were performed and the schemes were shown to provide significant benefits in throughput, overloading, and handling large packet arrival rates. The results were summarized in [1] and captured in TR38.802 along with the simulation assumptions. At RAN #75, a new Study Item on NOMA was approved and further revised at RAN #76 [2].
In this contribution, we discuss implementation aspects and some details related to the transmitter signal processing of Interleave Division Multiple Access (IDMA). 
2. NOMA Schemes
Given the importance of NOMA, a wide range of studies were conducted during Rel-14 SI to identify the best solution for use in NR. Thus far, at least 16 different transmission mechanisms have been identified for potential consideration in NR. Table 1 shows a catalogue of the proposed schemes. The proposed schemes can be categorized from different angles. However, at a high level, the main principle for user discrimination and detection for nearly all the proposed schemes can be considered as a special form of spreading. The spreading mechanisms could be linear or non-linear, and its length could be short or long [3-5]. 
	Table 1 – Proposed NOMA Schemes

	Scheme
	Name
	Proposer

	PDMA
	Pattern division multiple access
	CATT

	SCMA
	Sparse code multiple access
	Huawei

	MUSA
	Multi-user shared access
	ZTE

	LCRS
	Low code rate spreading
	Intel

	FDS
	Frequency domain spreading
	

	NCMA
	Non-orthogonal coded multiple access
	LG

	NOMA
	Non-orthogonal multiple access (power)
	NTT Docomo

	RSMA
	Resource spreading multiple access
	Qualcomm

	IGMA
	Interleave-grid multiple access
	Samsung

	LDS-SVE
	Low density spreading with signature vector extension
	Fujitsu

	LSSA
	Low code rate and signature based shared access
	ETRI

	NOCA
	Non-orthogonal coded access
	Nokia & ALU

	IDMA
	Interleave division multiple access
	Nokia & ALU, InterDigital

	RDMA
	Repetition division multiple access
	MTK

	GOCA
	Group orthogonal coded access
	

	WSMA
	Welch sequence multiple access 
	Ericsson



In evaluation and selection of NOMA schemes, it is crucial to consider the actual use case, and the expected performance of the system. Most of the proposed schemes have demonstrated very reasonable multiplexing capabilities, however often they were not set up to achieve a specific target BLER or overloading capability. Therefore, it is important to study and evaluate all proposed schemes in a balanced and meaningful way. 

3. IDMA Transmitter Processing
Earlier studies on spread spectrum multiple access systems indicate that the optimal capacity of a multiple access channel can be achieved if the spreading is entirely realized by employing a very low rate error correction code per user [6]. As such, the capacity of a NOMA system can be optimized by proper design of the spreading mechanism for a given number of users. Under the paradigm of employing very low code rate, users may be perceived using orthogonal code, and at the same time take advantage of a strong error control mechanism for robust detection. Having said that, per user definition of very low rate codes is not straightforward, and in fact a very challenging task in terms of error correcting code design. Besides, due to extra receiver complexity, it would not be an attractive solution from implementation perspective. Therefore, a common way for such realization is by combining a very low rate error correcting code with user-specific interleaving and/or scrambling. 
IDMA is considered the main representative of very low code rate NOMA schemes [7]. In fact, IDMA can be viewed as a CDMA system where the spreading mechanism is a function of the actual payload. The main feature of IDMA principle lies in that it does not treat the observed interference as an additive noise. During the detection process, the a-priori LLR’s are continually enhanced by updating relevant statistics of the received signal and the interference. More details on the receiver implementation of IDMA are provided in our companion contribution [9].There have been some basic evaluations of IDMA in the literature [7-8], however IDMA did not receive sufficient interest for implementation and adoption during 3G and 4G developments. Given the new NR use cases as well as more demanding spectral efficiency requirements, very low code rate NOMA schemes such as IDMA seem very relevant. 
Figure 1 shows the basic structure of an IDMA-based multiple access system with K number of active users. At the transmitter, each UE payload is coded and then randomized prior to transmission in the shared channel. The randomization operation is user-specific, and it can be implemented through a combination of interleaving/scrambling functions. 


Figure 1 A conceptual model of IDMA transmission
[bookmark: _Hlk505851891]Figure 2 exhibits a more detailed presentation of the IDMA transmitter processing. To allow more flexibility in design, as well as in selection of desired Spectrum Efficiency (SE), a relatively low code rate encoder combined with a repetition mechanism (R) is employed. As such, it would be straight forward to vary the spreading rate (R) to achieve a desired SE without committing to any change in the hardware. In other words, in an exemplary implementation, a same error correction mechanism can be used for all use cases. Then, the repetition rate R can be reduced or increased to achieve a lower or higher capacity, and/or a better or worse target BLER per requirement. Hence, we could potentially accommodate different use cases of NOMA with a same transmission mechanism and hardware. 
The coded stream ci is interleaved according to its designated interleaving function to facilitate user separation at the receive end. To reduce the impact of intercell interference, a cell based randomization may also be employed that will be common for all configured NOMA UEs in the cell. 
As demonstrated in Figure 2, an IDMA transmitter operates with a standard OFDM modulator as defined in NR. As such, there is no impact on the waveform, alleviating any potential concern about PAPR and PA non-linearity behaviour. 
Based on the discussion and provided details on an IDMA transmitter, following observations can be made;
Observation 1: The transmitter of an IDMA receiver does not require much extra complexity and can be easily integrated with the existing NR transmitter signal chain.
Observation 2: An IDMA transmitter can be easily reconfigured to enable operation in various SE and required target BLER.
Observation 3: An IDMA transmitter employs the existing modulation formats for its transmission, as its transmission does not require any manipulation of the transmit symbols. As a result, any impact on PAPR is not expected.


Figure 2 Detail presentation of an IDMA transmitter

4. Conclusions
In this contribution, we have provided further details and description of an IDMA transmitter. Based on the discussion, the following observations are made: 
Observation 1: The transmitter of an IDMA receiver does not require much extra complexity and can be easily integrated with the existing NR transmitter signal chain.
Observation 2: An IDMA transmitter employs the existing modulation formats for its transmission, as its transmission does not require any manipulation of the transmit symbols. As a result, any impact on PAPR is not expected.
Observation 3: An IDMA transmitter can be easily reconfigured to enable operation in various SE and required target BLER.
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