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1. Introduction
UL non-orthogonal multiple access (MA) schemes for NR were extensively discussed in RAN1. The following agreements were reached in RAN1 #84bis meeting:
· Study multiple access mechanisms including UL-grant less transmission, contention-based transmission, non-orthogonal multiple access

…
· Non-orthogonal multiple access should be investigated for diversified NR usage scenarios and use cases

· At least for UL mMTC, autonomous/grant-free/contention based non-orthogonal multiple access should be studied.
Further agreements were reached in RAN1 #85 meeting:

· Autonomous/grant-free/contention based UL non-orthogonal multiple access has the following characteristics

· A transmission from UE does not need the dynamic and explicit scheduling grant from eNB

· Multiple UEs can share the same time and frequency resources

· For autonomous/grant-free/contention based UL non-orthogonal multiple access, the following should be studied

· Collision of time/frequency resources from different UEs, solutions potentially including 

· E.g., code, sequence, interleaver pattern

· UL synchronization (DL synchronization assumed)

· Case 1: Timing offsets between UEs are within a cyclic prefix

· Case 2: Timing offsets between UEs can be greater than a cyclic prefix, FFS the exact model of timing offsets 

· Requirement for power control

· Case 1: Perfect open-loop power control, i.e., equal average SNR between UEs for potentially link level calibration
· Case 2: Realistic open-loop power control with certain alpha and P0 values
· Case 3: Close-loop power control

· Receiver impact
· NR supports at least synchronous/scheduling-based orthogonal multiple access for DL/UL transmission schemes, at least targeting for eMBB.
· Note: Synchronous means that timing offset between UEs is within cyclic prefix by e.g. timing alignment
In this contribution, we summarize the non-orthogonal MA schemes proposed in previous RAN1 meetings, and give our views on the classification of these non-orthogonal MA schemes.
2. Classification of UL non-orthogonal MA schemes
A number of non-orthogonal MA schemes were proposed in the previous RAN1 meetings [1-12]. In general, the difference of these schemes is mainly on UEs’ signature design, i.e., whether the scrambling sequence, interleaver or spreading code is used to differentiate different UEs. Therefore, these schemes can be classified into three categories:
· Category 1: Scrambling based non-orthogonal MA
· Category 2: Interleaving based non-orthogonal MA
· Category 3: Spreading based non-orthogonal MA
The key characteristics of the three categories are summarized in Table 1, while the more detailed descriptions on the 12 candidate schemes are given in Table 2.
Proposal: Classify the candidate non-orthogonal MA schemes into three categories: scrambling based, interleaving based and spreading based non-orthogonal MA. The details of the three categories are given in Table 1 and Table 2.
Table 1
Key characteristics of three non-orthogonal MA categories
	
	Category 1:
Scrambling based
	Category 2:
Interleaving based
	Category 3:
Spreading based

	Transmitter characteristic
	· Use different scrambling sequences to distinguish different UEs
· Can be used together with low code rate FEC
	· Use different interleavers to distinguish different UEs
· Can be used together with low code rate FEC
	· Use different spreading codes to distinguish different UEs

	
	· 
	· 
	LDS code
	Non-LDS code

	Receiver algorithm
	SIC
	(iterative) ESE, or MAP/MPA if there exists zero entries
	MPA or BP
	SIC or PIC

	Candidate schemes
	· NOMA, DCM [1]

· RSMA, QC [2]

· LSSA, ETRI [3]
	· IDMA, Nokia [4]
· IGMA, SS [5]
	· SCMA, HW [6]
· PDMA, CATT [7]
· LDS-SVE, Fujitsu [8]
	· MUSA, ZTE [9]
· NOCA, Nokia [10]
· NCMA, LGE [11]
· LCRS, Intel [12]


Table 2
Key characteristics of candidate non-orthogonal MA schemes
	
	
	Description
	Standard impact
	Receiver algorithm

	Category 1: Scrambling based
	NOMA
	· NOMA (Non-orthogonal multiple access)
· Multiple UEs with different scrambling sequences are transmitted on the same resource
· NOMA can also bring in performance gain for multiple UEs with similar wideband SINRs, thanks to the fast fading
	· Define new scrambling sequence if needed
· Power control enhancement if needed
	SIC

	
	RSMA
	· RSMA (Resource spread multiple access)
· Use combination of low rate channel codes and scrambling codes (and optionally different interleavers) with good correlation properties
	· Define scrambling sequence, interleaver (if needed)
· Define single carrier based new waveform for asynchronous transmission
	SIC

	
	LSSA
	· LSSA (Low code rate and signature based shared access)
· Each UE’s data is bit or symbol level multiplexed with UE specific signature pattern which is unknown to others
	· Define signature pattern
	

	Category 2:
Interleaving based
	IDMA
	· IDMA (Interleave division multiple access)
· Use bit level interleavers to separate users
	· Define bit-level interleaver
	(iterative) ESE

	
	IGMA
	· IGMA (Interleave-grid multiple access)
· Choose bit level interleavers and/or grid mapping pattern to separate users
	· Define bit-level interleaver

· Define sparse symbol-to-RE grid mapping pattern
	ESE or Chip-by-Chip MAP

	Category 3:
Spreading based
	SCMA
	· SCMA (Sparse code multiple access)
· The coded bits of a data stream are directly mapped to a codeword from a codebook built based on a multi-dimensional constellation, and low density spreading is utilized
	· Define LDS code and multi-dimensional constellation
	MPA or MPA+SIC

	
	PDMA
	· PDMA (Pattern defined multiple access)
· A code is used to define sparse mapping from data to a group of resources, and different codes may have different diversity orders
	· Define LDS code matrix
	BP based iterative detection and decoding (BP-IDD)  

	
	LDS-SVE
	· LDS-SVE (Low density signature - signature vector extension)
· For LDS spreading, consider RE mapping across RBs & user signature vector extension, e.g., transforming and concatenating two element signature vectors into a larger signature vector
	· Define LDS code
· Define new RE mapping method

· Define signature vector extension method
	MPA

	
	MUSA
	· MUSA (Multi-user shared access)
· Use random complex spreading codes with short length, and the real part and imaginary part of each element in the complex spreading code are drawn from a multi-level real value set uniformly, for example, {-1, 1} or {-1, 0, 1}
	· Define spreading code
	SIC

	
	NOCA
	· NOCA (Non-orthogonal coded access)
· Use LTE defined low correlation sequences as spreading codes, e.g., LTE defined sequences for UL RS for 1PRB case
	· Reuse the LTE defined sequence as spreading code
	SIC

	
	NCMA
	· NCMA (Non-orthogonal coded multiple access)
· Spreading codes are obtained by Grassmannian line packing problem
	· Define spreading code
	PIC

	
	LCRS
	· LCRS (Low code rate spreading)
· Apply direct spreading of modulation symbols and to transmit the spread symbols in time-frequency resources allocated for non-orthogonal transmission
	· Define spreading code
	SIC


3. Conclusion
This contribution discussed the classification of the candidate non-orthogonal MA schemes, and gave the following proposal.
Proposal: Classify the candidate non-orthogonal MA schemes into three categories: scrambling based, interleaving based and spreading based non-orthogonal MA. The details of the three categories are given in Table 1 and Table 2.
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