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1 Introduction

In RAN1#86, the following 15 non-orthogonal MA schemes were observed [1]:

· The following non-orthogonal multiple access schemes have been reported up to RAN1#86 for at least UL NR MA (listed in the order of proposed time, i.e., increasing tdoc number)

· Sparse code multiple access (SCMA) (e.g., R1-162153)

· Multi-user shared access (MUSA) (e.g., R1-162226)

· Low code rate spreading (e.g., R1-162385)

· Frequency domain spreading (e.g., R1-162385)

· Non-orthogonal coded multiple access (NCMA) (e.g., R1-162517)

· Non-orthogonal multiple access (NOMA) (e.g., R1-163111)

· Pattern division multiple access (PDMA) (e.g., R1-163383)

· Resource spread multiple access (RSMA) (e.g., R1-163510)

· Interleave-Grid Multiple Access (IGMA), (e.g., R1-163992)

· Low density spreading with signature vector extension (LDS-SVE) (e.g., R1-164329)

· Low code rate and signature based shared access (LSSA), (e.g., R1-164869)

· Non-orthogonal coded access (NOCA), (e.g., R1-165019)

· Interleave Division Multiple Access (IDMA), (e.g., R1-165021)

· Repetition division multiple access (RDMA), (e.g., R1-167535)

· Group Orthogonal Coded Access (GOCA), (e.g., R1-167535)

· Based on the contributions and the assumptions listed in Tables 1/2/3 in R1-168427, it is observed that non-orthogonal MA outperforms OFDMA in terms of UL link-level sum throughput (R1-163560) and overloading capability in the evaluated scenarios

Based on the above observations, the following was agreed [1].
· NR should target to support UL non-orthogonal multiple access, in addition to the orthogonal approach, targeting at least for mMTC

In this contribution, we will discuss the potential categorization of the MA scheme and the possibility of unified framework design to accelerate the convergence of NR MA study.
2 Discussion on potential categorization for NR MA schemes
Up to RAN1#86, there are 15 MA schemes proposed for NR. Most of them are claimed to be applied in UL and some of them (e.g., SCMA, PDMA, MUSA, NOMA, etc.) are claimed to be applied in DL also.  All of these schemes claim to support grant-free transmission in UL at least for mMTC scenario. 
Given the diversified MA schemes, even for UL MA discussion, it is hard to reach convergence. Due to the limited time budget left for NR MA study and in order to accelerate the progress, we need to have a look at the features of all the MA schemes again and try to capture the main features that bring benefits.
Observation 1: Certain high-level categorization is needed to accelerate the study progress, not necessarily for down selection but help to build unified framework within or among the category.
Table 1. UL NR MA schemes up to RAN1#86 and their features
	MA scheme
	MA signature
	Collision pattern
	Target scenarios
	Candidate Receivers

	SCMA
	Symbol level spreading
	Partial collision
	Low/medium SE per UE
High connection efficiency
	MPA, SIC-MPA, SIC

	PDMA
	Symbol level spreading
	Partial collision
	Low/medium SE per UE
High connection efficiency
	MPA, SIC-MPA, SIC

	LDSE
	Symbol level spreading
	Partial collision
	Low/medium SE per UE
High connection efficiency
	MPA, SIC-MPA, SIC

	IGMA
	Symbol level interleaving
	Partial collision
	Low/medium SE per UE
High connection efficiency
	MPA, SIC-MPA, SIC

	MUSA
	Symbol level spreading
	Partial collision
	Low/medium SE per UE
High connection efficiency
	MMSE-SIC

	NCMA
	Symbol level spreading
	Full collision
	Low/medium SE per UE
High connection efficiency
	MMSE-SIC, ESE-PIC

	NOCA
	Symbol level spreading
	Full collision
	Low/medium SE per UE
High connection efficiency
	MMSE-SIC, ESE-PIC

	LSSA
	Symbol level spreading
	Full collision
	Low/medium SE per UE
High connection efficiency
	MMSE-SIC

	RSMA
	Symbol level scrambling
	Full collision
	Very low SE

Large coverage extension
	MMSE-SIC, ESE-PIC

	RDMA
	Symbol level interleaving
	Full collision
	Low/medium SE per UE
High connection efficiency
	MMSE-SIC

	GOCA
	Symbol level spreading and scrambling
	Full collision
	Low/medium SE per UE
High connection efficiency
	MMSE-SIC

	FDS
	Symbol level spreading
	Full collision
	Low/medium SE per UE
High connection efficiency
	MMSE-SIC

	NOMA
	Power domain superposition
	Full collision
	Low/medium SE per UE
High connection efficiency
	MPA, SIC-MPA, SIC

	IDMA
	Bit level interleaving
	Full collision
	Low/medium SE per UE
High connection efficiency
	ESE-PIC

	LCRS
	Bit level spreading
	Full collision
	Low/medium SE per UE
High connection efficiency
	ESE-PIC


Table 1 lists all the available NR MA schemes and some features related to their MA signatures (e.g., codebooks, sequences, interleaver patterns, codes, etc.), physical resource collision pattern, as well as candidate receivers. Note that different aspects of common features among the proposed MA schemes may lead to different ways of categorizations. Some examples are given below.
· Based on the main application scenarios. Most of the MA schemes proposed in NR have shown benefits of (link-level) sum throughput and overloading capability over orthogonal system (e.g., UL OFDMA system) in the scenario where multiple users need to share the same resource with low to medium target spectral efficiency (SE) per user (e.g, SCMA, MUSA, PDMA, NCMA, IGMA, etc.). While some other MA schemes claim their major application scenarios is for user multiplexing in extreme coverage with very low SE (e.g., single-carrier RSMA). So it is possible to categorize NR MA schemes based on their main target application scenarios. 
· Based on the level of signal multiplexing. All MA schemes are based on FEC, but some of them use UE-specific functions to convert information bits to coded bits, while keeping the same functions to convert the coded bits to the output symbols to be transmitted over OFDM signals (e.g, IDMA, LCRS). On the other hand, some of the schemes use different functions to convert the coded bits to the output symbols to be transmitted over OFDM signal, such as symbol level spreading (e.g., SCMA, MUSA, PDMA, NOCA, NCMA, etc.), or symbol level interleaver (e.g., IGMA). So it is possible to categorize NR MA schemes based on in which level signal multiplexing may take place.
· Based on the collision pattern between MA signatures. Some MA schemes introduced “0” in the symbol level operations to reduce potential collision among user signatures on each tone, i.e., partial collisions. Techniques to introduce such partial spreading include sparse spreading (e.g., SCMA, PDMA, LDS-SVE), spreading sequences design with “0” as element (MUSA), or interleaving a group of symbols with some padding zeros (e.g. IGMA). And the other MA schemes that do not have “0” in the spreading will have full collision, either in symbol domain (e.g., RSMA, RDMA, GOCA, NCMA, NOCA, etc.) or in bit domain (e.g, IDMA, LCRS, etc.). So it is possible to categorize based on the collision pattern of the MA schemes. 
Note that it may not be a good way to categorize MA schemes based on the potential receivers they may use.  This is because the receivers and MA schemes are not one-to-one mapping, but one-to-many. For instance, both SIC and MPA receivers, as well as SIC-MPA receiver [2, 3], a good balance of complexity and performance, can be applied for MA schemes such as SCMA, PDMA, IGMA, NOMA, etc., Some other MA schemes uses both MMSE-SIC and ESE-PIC receivers.
Table 2 summarizes the high-level ways of potential categorization of NR MA schemes. 
Table 2. Possible ways of high-level categorization of NR MA schemes.
	Categorization
	Categories
	Examples

	Based on the main application scenarios 
	Single-carrier (mainly for extreme coverage) 
	Single-carrier RSMA

	
	Multi-carrier (mainly for connection efficiency enhancement) 
	SCMA, PDMA, IGMA, MUSA, NOCA, NOMA, NCMA, GOCA, etc.

	Based on the level of signal multiplexing
	Symbol level multiplexing
	SCMA, MUSA, PDMA, NOCA, RSMA, NCMA, IGMA, GOCA, etc.

	
	Bit-level multiplexing
	IDMA, LCRS

	Based on the collision pattern between MA signatures
	Partial collision multiplexing
 (sparse spreading)
	SCMA, PDMA, MUSA, IGMA, LDS-SVE

	
	Full collision multiplexing
(dense spreading)
	RSMA, GOCA,NOCA, NOMA, LSSA, NCMA, IDMA, LCRS, etc.


It is also possible to consider the combination of the above categorizations with different levels. Detailed ways of combination can be FFS but should towards the goal of convergence. Below is an example.
Example 1: Hybrid Categorization
· Category 1: Non-orthogonal MA mainly targeting for connection efficiency enhancement

· Category 1A: Symbol-level code/sequence/pattern spreading/scrambling

· Category 1B: Bit-level low code rate multiplexing/interleaving

· Category 2: Non-orthogonal MA mainly targeting for coverage extension
Proposal 1: High-level categorizations for NR MA schemes listed in Table 2 or their combination in Example 1 can be considered.
In fact, the two categories, including the sub-categories, can be described using one unified framework as shown in Figure 1. In the proposed framework, we have 4 basic common components, namely FEC, bit level interleaver/scrambler, modulated symbol sequence generation, and symbol to RE mapping, which are shared by all MA schemes. 
The framework consists of two major operation parts: bit level operation and symbol level operation. ] These two parts can be complimentary to each other instead of competing with each other. 
Therefore, the unified framework in Figure 1 can be a starting point to study all MA schemes, for both connection efficiency enhancement and coverage enhancement. 
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Figure 1 Transmit diagram of category 1 for one data layer.
Proposal 2: Use the unified framework in Figure 1 for further MA scheme harmonization.
3 Conclusion
In this contribution, we discussed how the study of NR MA can converge and be accelerated with the following observations. 
Observation 1: Certain high-level categorization is needed to accelerate the study progress, not necessarily for down selection but help to build unified framework within or among the category.
Based on the observations, we have the following proposals. 
Proposal 1: High-level categorizations for NR MA schemes listed in Table 2 or their combination in Example 1 can be considered.
Proposal 2: Use the unified framework in Figure 1 for further MA scheme harmonization.
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