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Introduction
In RAN1 #84b, it was agreed that non-orthogonal multiple access (NOMA) schemes should be investigated [1].  In 3GPP Plenary #78, NOMA was agreed as a study item (SI) for NR Rel-15 [2]. In particular, uplink (UL) NOMA will be studied for both grant-based and grant-free transmissions for eMBB, URLLC and mMTC [3]. 

In this contribution, design details are provided for our NOMA transmission scheme — multi-layer hybrid resource spreading multiple access (ML-RSMA). ML-RSMA combines the use of short spreading code and long scrambling code, which can be applied to both CP-OFDM and DFT-s-OFDM waveform. Besides, the flexible and scalable configuration of spreading factor, scrambling sequence, code rate and number of layers is capable of meeting the optimal tradeoff among error performance, sum throughput and transceiver complexity, which have been agreed as the design objectives and evaluation metrics of NR NOMA [3-5].

Multi-Layer Hybrid Resource Spreading Multiple Access (ML-RSMA)
Overview
[bookmark: _Hlk510697041]Table 1: NR NOMA Use Cases and Features Supported by Different Operation Modes
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NR NOMA can operate under different modes and apply to different use cases. To illustrate, Table 1 summarizes the use cases and features of different operation modes. In particular, the highlighted features in the fourth column reflect the major benefits of NOMA as described in the SID [3], including:
· Signaling overhead reduction 
· Reduced power consumption and latency
· Flexibility and scalability
· Increased system capacity
Figure 1 shows a general framework for NOMA based on UE-specific spreading/scrambling/interleaving. The shaded boxes are the transmission modules unique to NR NOMA, whereas the white boxes are common to Rel-15 NR UL transmission. To meet the requirement for different spectral efficiency and UE multiplexing capacity, ML-RSMA supports flexible configuration of spreading factor and code rate, without modifying the linear modulation module compatible with NR.
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Figure 1: General Framework for NOMA UL Transmission
To combat the multiple access interference (MAI) in NOMA, channel coding and/or spreading is needed in practical transmission. In general, both channel coding and spreading incur the expansion of spectral bandwidth with respect to Shannon bandwidth [7]. Analyses about the coding-spreading tradeoff have been conducted in [7-8], which reveal that linear random spreading can be used in conjunction with channel coding to achieve the optimal tradeoff between spectral efficiency and receiver complexity. Moreover, linear random spreading codes can be designed to optimize the multiplexing capacity of UL, as shown in [9]. In the following section, we will introduce the design details of ML-RSMA, which supports flexible configuration of spreading factor and code rate. Depending on the spectral efficiency per UE, the Welch bound (WB) achieving short spreading code can be made UE-specific or layer-specific. The joint use of linear spreading and symbol-level scrambling are helpful in reducing the MAI, PAPR and sensitivity to synchronization errors.

Linear Hybrid Spreading and Scrambling
Figure 2 shows the linear hybrid spreading and scrambling for single layer hybrid RSMA, which can be applied to use cases targeting low to medium spectral efficiency per UE. Specifically, 
· The assignment of linear spreading codes is UE specific.
· The assignment of scrambling sequence can be UE or cell specific.  
· Same set of spreading codes and scrambling sequences can be employed for CP-OFDM and DFT-s-OFDM waveform.
· To randomize the inter-UE interference and maximize the reuse of NOMA resources, the mapping of spreading code and scrambling sequence can be made symbol dependent. 
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Figure 2: Linear Hybrid Spreading and Scrambling Scheme for Hybrid RSMA (Single Layer)

To accommodate use cases targeting medium to high spectral efficiency per UE, the transmission scheme in Figure 2 can be extended to multiple layers, as shown by Figure 3.
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Figure 3: Linear Hybrid Spreading and Scrambling Scheme for Hybrid RSMA (Multi-Layer)

Compared with nonlinear spreading scheme, solutions based on linear hybrid spreading and scrambling exhibit similar or better error performance, and significantly better performance in system capacity, scalability, complexity/latency and PAPR [6]. Therefore, we propose the following:
Proposal 1: NR NOMA should consider the joint use of linear modulation, linear spreading, scrambling and multi-layer transmission in UL to optimize the tradeoff in performance and transceiver complexity.

Short Spreading Code
To achieve the best trade-off between performance and complexity, the design of short spreading codes needs to be optimized [7-9]. Since NR NOMA aims at overloading factor greater than one, it is more meaningful to optimize the codebook against the WB on sum squared cross correlations. 
To minimize the description complexity of WB achieving short spreading codes, we proposed a closed-form formula based on modified chirp sequence (MCP). Basically, the generation of spreading code can be UE-specific and/or layer-specific.
· Single-Layer Transmission Per UE (Figure 3: M=1)
Assume the spreading factor is K and the number of distinct spreading codes is N. Then the n-th spreading code can be denoted by
.    						     	(1)
One example of closed-form construction would be 
;    					   	      (2)
where  is a perfect sequence of period K, that is
	           						            	  	(3)
It can be shown that the spreading code generated above is a WBE set, which achieves the WB on sum squared correlations for arbitrary K and N satisfying .
· Multi-Layer Transmission Per UE (Figure 3: M>1)
For multi-layer transmission, there are multiple options to generate the spreading codes, such as:
a. Consider M orthogonal sequences when ;
· DFT sequences, Chu sequences and Walsh-Hadamard codes
· When the number of layers equals the spreading factor (), the MCP reduces to a set of orthogonal CAZAC sequences;
b. Consider the WBE set given by (2) when ;
To illustrate, Figure 4 shows the cross correlation behaviors of MCP and other short code candidates [6]. The WB is shown as a benchmark for different combinations of spreading factor (K) and codebook size (N).
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Figure 4: Cross-correlation Behavior of RSMA Short Codes
Therefore, we have the following proposals:
Proposal 2:   The transmission scheme of NR NOMA should support different spectral efficiency per UE via flexible configuration of spreading factor, code rate and number of layers.
Proposal 3: The transmission scheme of NR NOMA should support scalable configuration of multiplexing capacity and overloading ratios with minimal description complexity.
Long Scrambling Sequences
The use of long scrambling sequence is helpful in PAPR reduction, as shown in Section 3 of this paper. Besides, the use of different scrambling sequences across adjacent cells can reduce the inter-cell interference. Both features are desirable to enhance link budget and system capacity.
The generation of scrambling sequences can be UE and/or cell specific. The sequences used for scrambling code can down select from Gold sequences, Zadoff-Chu sequences, or a combination of the two.

Options of Linear Hybrid Spreading and Scrambling Schemes
Depending on the use cases for NOMA UL, the following options can be considered for different operation modes of NOMA:
· Use of short spreading codes only
· Use of long scrambling codes only (combination with simple repetition is optional)
· Joint use of short spreading code and long scrambling codes

Proposal 4:  Depending on the use cases of NOMA, the following options of linear hybrid spreading and scrambling can be considered:
· Option A
Joint use of UE-specific spreading and cell-specific scrambling, wherein the configuration of spreading codes and/or scrambling sequences can be made symbol-dependent;
· Option B
Joint use of symbol-level repetition and UE-specific scrambling, wherein the configuration of scrambling sequences can be made symbol-dependent; 
· Option C
Joint use of UE-specific spreading and UE specific scrambling, wherein the configuration of spreading codes and/or scrambling sequences can be made symbol-dependent.

Transmit-Side Considerations
Complexity
To reduce the signaling overhead of NOMA systems, as well as the complexity and memory size of transmitters, it is desirable to have a closed form design for the spreading codes and scrambling sequences. Moreover, it is desirable to reuse the linear modulation modules in NR Tx Chain. 
Therefore, we propose the following:
Proposal 5:  To reduce the signalling overhead of NOMA systems, as well as the complexity and memory size of transceivers, it is desirable to employ the following schemes for NOMA transmission:
· a closed form design for the short spreading codes that achieves Welch bound equality (WBE) for arbitrary spreading factor (K) and overloading ratio (N/K>1);
· a closed from design for the long scrambling codes that is compliant with Rel-15 NR specification;
· reuse the same spreading codes and scrambling codes for both DFT-s-OFDM and CF-OFDM waveforms;
· reuse linear modulation of NR Tx chain.
PAPR
As mentioned earlier, it is important to consider the PAPR performance in the transmitter side implementation. For instance, a lower PAPR can lead to larger MCL and more power efficient transmissions at reduced complexity.
To illustrate, we compare the PAPR performance of linear spreading with and without symbol-wise scrambling for ML-RSMA, WSMA and MUSA [6-8]. The data modulation used for all examples shown in this paper is QPSK (per layer); the spreading factor K is 4 and the codebook size N equals 6. The frequency resource is 6 RB, but the time resource may be different. To achieve low PAPR, the time domain spreading of MUSA can be conducted at OFDM symbol level. As a result, it requires QK OFDM symbols, where Q is a positive integer. This can lead to resource fragmentation if the number of data symbols within a subframe/slot is not an integer multiple of K. In contrast, ML-RSMA conducts time domain spreading before transform coding, which does not have a stringent requirement on the number of OFDM symbols and facilitates more flexible resource mapping.
It can be observed from Figures 5-6 that for both DFT-s-OFDM and CP-OFDM waveforms, symbol-wise scrambling can significantly reduce the PAPR of linear spreading schemes such as WSMA and MUSA [7-8]. To summarize, we have the following proposal:
[bookmark: _Hlk510696256][bookmark: _Hlk506503505]Proposal 6: The design of linear spreading scheme for NOMA should consider the inclusion of symbol-wise scrambling to improve the PAPR performance. The PAPR performance of QPSK can be used as a baseline.
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[bookmark: _Hlk506449750]Figure 5: PAPR Reduction by Symbol-Wise Scrambling, DFT-s-OFDM, 6 RB
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Figure 6: PAPR Reduction by Symbol-Wise Scrambling, CP-OFDM, 6 RB
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Conclusions
This contribution provided our views on the UL transmission scheme for NR NOMA. The following proposals have been made:
Proposal 1: NR NOMA should consider the joint use of linear modulation, linear spreading, scrambling and multi-layer transmission in UL to optimize the tradeoff in performance and transceiver complexity.
Proposal 2:   The transmission scheme of NR NOMA should support different spectral efficiency per UE via flexible configuration of spreading factor, code rate and number of layers.
Proposal 3: The transmission scheme of NR NOMA should support scalable configuration of multiplexing capacity and overloading ratios with minimal description complexity.
Proposal 4:  Depending on the use cases of NOMA, the following options of linear hybrid spreading and scrambling can be considered:
· Option A
Joint use of UE-specific spreading and cell-specific scrambling, wherein the configuration of spreading codes and/or scrambling sequences can be made symbol-dependent;
· Option B
Joint use of symbol-level repetition and UE-specific scrambling, wherein the configuration of scrambling sequences can be made symbol-dependent; 
· Option C
Joint use of UE-specific spreading and UE specific scrambling, wherein the configuration of spreading codes and/or scrambling sequences can be made symbol-dependent.
Proposal 5:  To reduce the signalling overhead of NOMA systems, as well as the complexity and memory size of transceivers, it is desirable to employ the following schemes for NOMA transmission:
· a closed form design for the short spreading codes that achieves Welch bound equality (WBE) for arbitrary spreading factor (K) and overloading ratio (N/K>1);
· a closed from design for the long scrambling codes that is compliant with Rel-15 NR specification;
· reuse the same spreading codes and scrambling codes for both DFT-s-OFDM and CF-OFDM waveforms;
· reuse linear modulation of NR Tx chain.
Proposal 6: The design of linear spreading scheme for NOMA should consider the inclusion of symbol-wise scrambling to improve the PAPR performance. The PAPR performance of QPSK can be used as a baseline.
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