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1	Introduction
[bookmark: _GoBack]During the previous RAN1#84bis meeting, several multiple access (MA) techniques have been presented while the following conclusions have been reached [1]:    
· 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

In this contribution we try to give one overview of different non-orthogonal multiple access candidates, and present several design considerations which should be considered in the future discussion. 
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]2	UL non-orthogonal multiple access 
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]2.1			Categorization based on transceiver structure
According to signal transmission characteristic, available non-orthogonal multiple access schemes can be grouped into three categories: 
· Category 1: Spreading based multiple access
If the same source symbols are mapped into multiple copies of resource, the scheme can be assumed as one form of spreading based multiple access. Based on this rule, SCMA [2], PDMA [5] and other coded spreading based multiple access schemes [3], [6], [8], [9], [10] belong to this category. In those schemes, user differentiation is relying on different code sequences or pattern matrices. In the company contribution [11], interleaver division multiple access (IDMA) is proposed, in which different interleavers are used to differentiate users. Due to low rate channel code utilization, it could be assumed as special spreading based access. For these spreading based multiple access solutions, at the BS receiver, multiple user detection is needed to recover different user data signals.Source bits
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        Figure 1 Spreading based transmitter diagram 




The main technical properties of spreading based MA are:
· Multiple user multiplexing in same resource with a certain spreading mechanism
· Using multi-user detection at the receiver to recover each data signal
· Category 2: Non-orthogonal multiple access in power domain
Different from spreading based schemes, non-orthogonal multiple users can be differentiated in power domain [7]. For example, two users can occupy the same resources to transmit data signals while the power of each user is controlled in such a way to minimize the co-scheduled inter-user interference. A typical transmitter structure is shown in the following figure.TX
User2 information bits
Modulation
Channel coding
Multi-carrier mapping
Power control
User1 information bits
Modulation
Channel coding
Multi-carrier mapping
Power
control



TX



Figure 2 Non-orthogonal multiple access in power domain   




The main technical properties of power based MA are:
· Using different transmission power to enable user differentiation  
· Using symbol level SIC or codeword level SIC receiver to detect different user signals  
· Category 3: Single tone based multiple access
In the RAN1 #84bis meeting, single tone based multiple access, called RSMA [4], was proposed to support UL non-orthogonal multiple access using single tone based waveform (i.e., no OFDM signal mapping). Multiple users’ signals can be multiplexed with interleaver or spreading sequence/scrambling code. Typically a low rate coder or one long sequence is used. In Figure 3, one single tone based RSMA transmitter structure is illustrated. In principle, single tone based IDMA [11] can function similarly to single tone based RSMA.
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              Figure 3 Single tone RSMA structure 

The main technical properties of single tone based MA are:
· Using different interleaver, spreading sequence, or scrambling code to differentiate multiple users’ signals  
· Using single tone based waveform to allow multiple user asynchronous transmission  

In the company contribution [12], one frequency hopping based non-orthogonal multiple access scheme is proposed, in which different users can select different hopping patterns for data transmission. Frequency hopping may be employed with hybrid ARQ to provide high levels of link reliability/coverage even with contention-based access. Further, narrow band frequency hopping typically requires less transmission bandwidth than spreading-based methods, thus reducing device complexity and cost. When multiple users collide on the same resources, successive interference cancellation (SIC) could be used to help multiple user detection. While frequency hopping based multiple access can be employed without spreading,  it can also be combined with other non-orthogonal MA schemes. Hence, in case of categorization, frequency hopping can be linked with category 1 and category 2.

2.2			Technical analysis 
In order to get a clear comparison of different candidate schemes, several technical aspects should be considered:
·  Supported number of users and overload factor 
·  Standardization impact
·  Contention based access support
·  Asynchronous transmission support 
·  Receiver complexity
Due to the difficulty to support asynchronous transmission for multiple carrier based non-orthogonal MA schemes, we tend to think only single tone based schemes can support wide-area asynchronous multiple user transmission.
Table 1: Comparison of proposed UL MA techniques
	Schemes
	Basic User differentiation
	Supporting contention access
	Overload extension capability
	Asynchronous support 
	BS receiver
complexity
	Specification impact

	SCMA [2]
	Codebooks
	yes
	difficult
	no
	high
	Define new sparse codebook;
Introduce joint modulation and spreading transmitter structure 

	RSMA [4] 
	Sequence/
Scramble 
	yes
	easy
	Yes, if working in single tone
	medium
	Define new waveform, new interleaver, spreading sequence 

	MUSA [3] 
	Sequence 
	yes
	easy
	no
	medium
	Define new short spreading sequence

	NOMA in power domain [7]
	Power
	no
	difficult
	no
	medium
	Introduce new power control command 

	NCMA [6]
(non-orthogonal coded multiple access)
	Sequence/
scramble
	yes
	easy
	no
	medium
	Define new spreading sequence

	PDMA [5]
	Pattern vector
	yes
	difficult
	no
	high
	Needs to define code matrix for spreading

	Frequency spreading based non-orthogonal multiple access [8]
	Sequence
	yes
	easy
	no
	medium
	Define new sequence and make suitable sequence allocation ways


	NOCA [10]
(non-orthogonal code access) 
	Sequence 
	yes
	easy
	no
	medium
	Define low correlation sequence for spreading data symbols. 


	IDMA [11]
	Interleaver
	yes
	easy
	Yes, if working in single tone
	high
	Define new interleaver, 

	Frequency hopping based access [12]
	Hopping pattern
	yes
	easy
	no
	medium
	Define hopping pattern



According to above table, we have the following observations:
Observation 1: Most MA schemes are based on code spreading, in which user identity is differentiated by different sequences.  
Observation 2: Spreading based transmission schemes can provide better overload extension capability than non-spreading based schemes.  
Observation 3: Only limited schemes can support asynchronous multiple user transmission, in which new waveform other than OFDM should be applied. 
For UL contention based access without any timing advance (TA) assistance, different UE signals will arrive at the base station with different timing offset. In this case, base station shall first determine each UE timing and perform the signal detection. In OFDM based waveform, if timing offset is out of the CP guard period, multiple user superimposed signals increase the BS detection complexity due to severe interference, including inter-symbol interference and inter-subcarrier interference. In this situation, single tone based waveform like traditional CDMA would be one possible solution. Hence, if asynchronous non-orthogonal MA scheme is needed to be supported, single tone based waveform should be studied firstly. However, when looking into single tone based waveform, in order to support asynchronous transmission, necessary redundancy is needed to suppress other users’ interference. Moreover, multi-path channels are still one obstacle for the single tone based waveform. On the contrary, with a synchronous transmission solution, it is easy to apply a more advanced receiver to get the desired system capacity improvement. 
On the other hand, we also observed that asynchronous transmission has some benefits compared to synchronous transmission. Possible benefits includes signaling overhead reduction, transmission procedures simplification, even supporting contention based access in IDLE mode. Of course, in order to get those benefits, necessary standardization changes are needed, e. g introducing new RRC state.
Based on the above analysis, comprehensive investigation is needed in order to support asynchronous non-orthogonal transmission. Application scenario, possible benefit and new waveform study will cost much time. Hence, our proposal is to prioritize a synchronous non-orthogonal multiple user transmission solution at phase 1. At least, the CP guard period can overcome certain timing offsets. 
Proposal 1: Synchronization based UL non-orthogonal MA schemes should be considered with high priority.
Proposal 2: For contention based access, non-orthogonal multiple access scheme with code spreading can be prioritized to study. 
Proposal 3: For contention based access, non-orthogonal multiple access based on frequency hopping should be studied.
3	DL non-orthogonal multiple access   
For DL non-orthogonal multiple access schemes, there are many proposals to support DL non-orthogonal multiple access. Several key design points are summarized in the following table.
Table 2: Comparison of proposed DL MA techniques
	Schemes
	Means of user multiplexing
	UE receiver

	Specification impact

	SCMA [2]
	Codebook
	High complexity,
Using MPA to do iteration detection
	Define new sparse codebook;
Introduce joint modulation and spreading transmitter structure 

	MUSA [3]
	Sequence
	Middle complexity,
Codeword based SIC and sequence decorrelation operation

	Define new short spreading sequence

	PDMA [5]
	Code vector
	High complexity,
MPA based iteration detection
	Needs to define code matrix for spreading



According to table 2 above, we get the following observation:
Observation 4: DL non-orthogonal multiple access schemes are relying on UE receiver enhancement and spreading operation.
Different from UL, DL grant-free or contention based access is not much beneficial, since DL packet transmission is controlled by base station. Hence DL scheduled based access should be assumed as the baseline.  
For DL non-orthogonal MA performance gain, an advanced receiver is necessary to cancel inter-user interference. The trade-off between receiver complexity and achievable gain should be balanced. Meanwhile, user pairing should be based on sufficient multiple user distribution. Considering DL power domain based non-orthogonal transmission applied in LTE and multiple user MIMO in massive MIMO, suitable benchmarks should be set to evaluate the performance of other non-orthogonal multiple access. 
Proposal 4:  DL non-orthogonal multiple access enhancement should be justified with clear gain over orthogonal multiple access techniques taking into account UE receiver complexity.  

4	Capturing the multiple access details in the TR
In order to proceed with the multiple access discussion, we propose to consider the following sections in the TR 38.802 according to section 2 categorization.

x. Multiple access schemes	1
x.1 	Candidate DL multiple access schemes	2
x.1.1	MAS Category 1: codebook based 	2
x.1.2	MAS Category 2: Sequence based	2
x.1.3	MAS Category 3: TBD	3
x.1.4	Candidate UE receiver schemes	3
x.1.5	Potential DL assistance information	4
x.1.6	DL Link-level performance evaluation	5
x.1.7	DL System-level performance evaluation	6
x.1.8	Potential DL specification impacts	7

x.2 	Candidate UL multiple access schemes	8
x.2.1	MAS Category 1: spread based 	9
x.2.2	MAS Category 2: power based	9
x.2.3	MAS Category 3: single tone based	10
x.2.4	Candidate BS receiver schemes	10
x.2.5	Potential UL assistance information	11
x.2.6	UL Link-level performance evaluation	11
x.2.7	UL System-level performance evaluation	11
x.2.8	Potential UL specification impacts	11




5	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]The contribution is concluded by summarizing our view on 5G non-orthogonal multiple access schemes through the following observations and proposals:
Observation 1: Most of MA schemes are based on code spreading, in which user identity is differentiated by different sequence.  
Observation 2: Spreading based transmission schemes can provide better overload extension capability than non-spreading bases schemes.   
Observation 3: Only limited schemes can support asynchronous multiple user transmission, in which new waveform other than OFDM should be applied. 
Observation 4: DL non-orthogonal multiple access schemes are relying on UE receiver enhancement and spreading operation.
Proposal 1: Synchronized based UL non-orthogonal MA schemes should be considered with high priority.
Proposal 2: For contention based access, non-orthogonal multiple access scheme with code spreading can be prioritized to study.
Proposal 3: For contention based access, non-orthogonal multiple access based on frequency hopping should be studied. 
Proposal 4: DL non-orthogonal multiple access enhancement should be justified with clear gain over orthogonal multiple access techniques taking into account UE receiver complexity.  
Meanwhile, we propose the following text proposal to be add TR 38.802:

----------------------------------------Text proposal-------------------------------------------------------------------------------------
x. Multiple access schemes	1
x.1 	Candidate DL multiple access schemes	2
x.1.1	MAS Category 1: codebook based 	2
x.1.2	MAS Category 2: Sequence based	2
x.1.3	MAS Category 3: TBD	3
x.1.4	Candidate UE receiver schemes	3
x.1.5	Potential DL assistance information	4
x.1.6	DL Link-level performance evaluation	5
x.1.7	DL System-level performance evaluation	6
x.1.8	Potential DL specification impacts	7

x.2 	Candidate UL multiple access schemes	8
x.2.1	MAS Category 1: spread based 	9
x.2.2	MAS Category 2: power based	9
x.2.3	MAS Category 3: single tone based	10
x.2.4	Candidate BS receiver schemes	10
x.2.5	Potential UL assistance information	11
x.2.6	UL Link-level performance evaluation	11
x.2.7	UL System-level performance evaluation	11
x.2.8	Potential UL specification impacts	11
-----------------------------------------------------------------------------------------------------------------------------------------------
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