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1. Introduction
Conventional orthogonal multiple access (OMA) like TDMA, FDMA, SDMA have been studied for years and are widely adopted in practical wireless communication systems. For cell-center users or real-time services, OMA schemes can conveniently support high data-rate transmission, which capitalizes on the orthogonality and synchronization. On the other hand, NOMA has attracted considerable attention as a promising candidate for next generation access technologies since they can potentially improve the spectral efficiency when considering the fairness in theory. To meet the diverse deployment scenarios and traffic requirements in next generation access network, many new multiple access schemes are also proposed in literatures.

In this contribution, we summarize characteristics of different multiple access techniques from different aspects, and introduce a unified framework which can merge wide range of multiple access techniques.
2. Potential new multiple access techniques
The advanced multiple access technology has been envisioned as one of key enablers of 5G communication. The signals from different users will be superposed into the same time and frequency resource and demodulated by advanced receiver algorithm to provide higher spectrum efficiency and system capability. Grant-free transmission will be allowed to significantly reduce signaling overhead, shorten access latency and decrease terminal power consumption. The multiple access techniques as introduced in literatures are summarized as below.
Table 1 Summary of multiple access techniques
	
	BDM
	MUSA
	SPC-NOMA
	PDMA
	RSMA
	SCMA

	Scenario
	DL eMBB
	UL MMC,
DL eMBB
	eMBB,
MMC,
URC
	eMBB,
MMC,
URC
	UL MMC/
UL URC
	eMBB,
MMC,
URC

	Multiplexing domain
	Code/
Power
	Code/
Power
	Power
	Code/Power
/Spatial
	Code/
Power
	Code/
Power

	Transmitter Overloading
	High
	High
	Medium
	High
	High
	High

	Transmitter Spreading
	No
	Yes
	No
	Yes
	Yes
	Yes

	Transmitter multi-dimension constellation
	No
	No
	No
	No
	No
	Yes

	Receiver
	MMSE/SIC
	SIC
	SIC
	SIC/MPA
	SIC
	MPA/SIC

	Receiver Complexity
	Low (SSD), Medium (MSD)
	Medium
	Medium
	Medium
	Medium
	Medium


The above discussed advanced multiple access schemes as well as the traditional orthogonal multiple access scheme, e.g. OFDMA are both identified as potential candidates for 5G. Based on the diverse deployment scenarios and traffic requirements in 5G, flexible multiple access can be utilized to meet the verified demands. For example, in the case of massive connections, how to accommodate more users with limited resources has become a critical problem for next generation access network. With non-orthogonal multiple access schemes [1][2], e.g., SCMA. MUSA, PDMA or RSMA, the same resources are shared and reused by multiple users, thus the number of connections increases. To support the traffic with low latency requirement, non-orthogonal multiple access schemes help to realize grant-free multiple access, with which the latency is much lower, and the power consumption of the devices can be reduced. In other scenarios, such as downlink machine type traffic, the simple orthogonal multiple access schemes are better due to the device cost and implementation complexity. 
Proposal 1: Considering diversified 5G scenarios and enhanced performance requirements, new multiple access schemes should be studied.
It’s worth mentioning that some of these non-orthogonal schemes, such as MUST, SCMA. MUSA and PDMA can be implemented within a unified framework, and each of them corresponds to a different codebook mapping module. In this way, the air interface can handover between different multiple access schemes in a flexible way, and all the other modules can be reused. This helps to improve the resource utilization and reduce the cost.
3. A unified framework of multiple access schemes
In [3], a study on scenarios and requirements for Next Generation Access Technologies has been made. The requirement of support for wide range of services to be deployable on a single continuous block of spectrum in an efficient manner is proposed in the document. To support this operational requirement, we propose a compatible multiple access structure in the following as depicted in Fig. 1. By the unified structure, we can flexibly configure different multiple access schemes according to various 5G scenarios on the basis of minimizing the hardware functional module.
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Fig.1 Unified framework of multiple access schemes

As depicted in Fig.1, the differences among various multiple access schemes lie in the different realization of interleaver, constellation optimization, factor graph and multiplexing domain. The detailed explanations are listed as follows.
Table 2 Configuration method of different multiple access schemes based on the unified framework 
	
	Interleaver
	Constellation mapping
	Factor graph
	Resource mapping

(multiplexing domain)

	OMA
	Identity matrix1
	Gray-mapped legacy constellation
	Identity matrix
	time/frequency/code/space

	NOMA
	MUST Cat 1
	Identity matrix
	non-Gray-mapped superposed constellation
	Identity matrix
	power

	
	MUST Cat 2
	Constraint permutation matrix2
	Gray-mapped superposed constellation
	Identity matrix
	power/bit

	
	MUST Cat 3
	Permutation matrix
	Gray-mapped legacy constellation
	Identity matrix
	bit

	
	SCMA
	Identity matrix
	joint optimization 

(multi-dimensional modulation 
+ Sparse matrix3)
	code/power

	
	PDMA
	Identity matrix
	legacy modulation
	Sparse matrix
	code/power/space

	
	… …
	… …
	… …
	… …
	… …


NOTE1:  The identity / permutation matrix means independent / dependent mapping method respectively. For example, e.g. like the MUST Cat-1 interleaver, the coded bits of each user is mapped to symbols without considering the bit/symbol of the other co-scheduled user, such mapping is independent mapping. Otherwise it is dependent mapping (permutation matrix in interleaver).
NOTE2:  The constraint permutation matrix means that it is not a totally dependent mapping method. The bits or symbols that are mapped should satisfy certain conditions, e.g. Bits from the same user should be adjacent.
NOTE3:  The element of the sparse matrix maybe different among various schemes, e.g. the element of the sparse matrix can only be “0” or “1” in the SCMA and PDMA , and it can also be “-1” in the MUSA.
Proposal 2: It is preferred to compare the structure of various non-orthogonal multiple access schemes for a better understanding of their mechanisms, which may facilitate future down selection and harmonization in RAN1. A unified framework of multiple access techniques is proposed for such comparison.  
Based on the above framework, wide range of non-orthogonal multiple access schemes can be merged in this unified structure. Because the achievable rate region of orthogonal transmission can always be contained by the optimal non-orthogonal transmission, orthogonal transmission may be considered as a special case of non-orthogonal transmission at least in theory. It should be noted that orthogonal transmission can also be considered as a special case of non-orthogonal transmission by the especial design of interleaver, transmission codebook and multiplexing domain. Considering the relatively independent design of interleaver and multiplexing domain modules with the constellation and factor graph modules and the probability of  the hybrid multiple access scheme, we should put more emphasize on the design of common multiple access sparse codebook set that not only can support the orthogonal transmission , but also can include non-orthogonal transmission schemes.  For example, in the case of 3 users sharing 2 resources, the common sparse codebook set can be written as the following matrix:
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Proposal 3:  Current proposed non-orthogonal multiple-access schemes may be merged to a single non-orthogonal multiple-access scheme based on the unified framework, while the orthogonal multiple-access scheme should be a special of the merged non-orthogonal multiple-access scheme.
4. Conclusions
In this contribution, we discuss multiple access schemes for next generation RAT and would like to put forward the following proposal:

Proposal 1: Considering diversified 5G scenarios and enhanced performance requirements, new multiple access schemes should be studied.
Proposal 2: It is preferred to compare the structure of various non-orthogonal multiple access schemes for a better understanding of their mechanisms which may facilitate future down selection and harmonization in RAN1. A unified framework of multiple access techniques is proposed for such comparison.  

Proposal 3: Current proposed non-orthogonal multiple-access schemes may be merged to a single non-orthogonal multiple-access scheme based on the unified framework, while the orthogonal multiple-access scheme should be a special of the merged non-orthogonal multiple-access scheme.
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