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1 Introduction
In the RAN1 NR study item phase, Non-Orthogonal Multiple Access (NOMA) was discussed and a high-level block diagram for NOMA was captured in TR38.802 [1].
In this contribution, we discuss the transmitter-side signal processing for NOMA.
2 Discussion
In the NR study item phase, more than ten NOMA schemes from various companies were proposed. To guide the NOMA discussion, we agreed the high-level block diagram for NOMA in section 9.1.2 of TR38.802 shown in the figure below. For the transmitter side signal processing schemes discussion, we should start the study from this block diagram.
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Figure: High level block diagram for UL non-orthogonal MA schemes (Figure 9.1.2-1 in TR38.802).

In figure 9.1.2-1 in TR38.802, there are four blocks. Each block includes some functions which would have impact on the specification. We describe the functions and related NOMA schemes for each block in Table 1.

The first block is FEC. NOMA does not impact the FEC block. If bit level repetition is supported, it can be achieved through rate matching.

The second block is the Bit-level Interleaver/Scrambler. This block includes UE-specific interleaver operation and/or UE-specific scrambler operation. UE specific interleaver operation can randomize the multi user interference to improve the BLER at the receiver. UE-specific scrambler operation is included in 38.211. However, if we consider using NOMA for RRC IDLE mode, we should consider how to handle the RNTI value to calculate the scrambling initialisation value.
The third block is the Modulated Symbol Sequence Generator. This block would include UE-specific spreading and/or symbol interleaving. These functions are mainly used in combination with sparse/non-sparse resource mapping or power adjustment to reduce the multi user interference effect.
The fourth block is Symbols to RE Mapping. This block would include sparse/non-sparse resource mapping and/or power adjustment. As mentioned for the third block, sparse/non-sparse resource mapping or power adjustment can be used with UE-specific spreading and/or UE-specific symbol interleaving to reduce the multi user interference effect. In addition, power adjustment can also be used for power domain NOMA to cancel the interfering signal from the higher received power signal.
Table 1: NOMA related function list
	Block
	Function
	Related NOMA scheme

	1. FEC
	· This function includes bit level repetition by rate matching
	· All schemes

	2. Bit-level Interleaver/Scrambler
	· UE-specific interleaver operation

· UE-specific scrambler operation
	· IGMA, IDMA, RSMA

	3. Modulated Symbol Sequence Generator
	· UE-specific symbol spreading

· UE-specific symbol interleaver
	· SCMA, MUSA, PDMA, LDS-SVE, IGMA, RSMA, NCMA, GOCA, NOCA

	4. Symbols to RE Mapping
	· Sparse/non-sparse resource mapping

· Repetition

· Power adjustment
	· SCMA, MUSA, PDMA, LDS-SVE, NOMA, 


The RAN #79 meeting, agreed that “No NR-based solution will be studied or specified for the LPWA use cases”. It was also agreed that “LPWA use cases will continue to be addressed by evolving LTE-M (eMTC) and NB-IoT” [2]. From these agreements, it is better to focus on the URLLC and eMBB use cases in the NR NOMA SI, and then we could consider studying the potential to use NOMA for LPWA use cases in Release-16 eMTC and NB-IoT WIs. URLLC requires lower latency and higher reliability. eMBB requires higher throughput. We should discuss these requirements in this SI.
Latency could be affected by the receiver complexity. According to [3], linear multi-user detectors (LMMSE/ESE/MF) have much lower complexity compared to non-linear multi-user detectors (MPA/MAP). So, it may be better to select NOMA related functions which can be supported by lower complexity receivers like linear multi-user detectors.

For reliability and throughput, lower BLER is required. Interference among UEs affects the BLER in NOMA, therefore it is important to randomize and/or reduce the interference, and to increase the desired signal power in order to facilitate interference cancellation at the receiver.
From table 1, UE-specific interleaver and scrambler can randomize the interference. Sparse resource mapping can reduce the interference through the presence of zero power resource, however sparse resource mapping tends to use non-linear multi-user detectors. Their higher complexity could lead to higher latency.
UE-specific spreading and repetition can get the spreading/repetition gain. On the other hand, this needs more transmission resource because of spreading/repetition. It would affect the latency requirement. Therefore, this scheme should be considered with the BLER and latency requirement.
From this discussion, use of a UE-specific interleaver and/or scrambler should be considered to randomize the interference.

Proposal: UE-specific interleaver and/or scrambler should be considered to randomize the interference.
3 Conclusions
In this contribution, we have discussed transmitter side signal processing for NOMA. The following proposal is made:
Proposal: UE-specific interleaver and/or scrambler should be considered to randomize the interference.
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