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1. Introduction
Conventional orthogonal multiple access (OMA) has been studied for years and is 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, non-orthogonal multiple access (NoMA) has attracted considerable attention as a promising candidate for next generation access technologies since they can in theory improve the system spectral efficiency when considering fairness for DL. And larger number of connectivity and grant-free transmission mode can be also enabled by NoMA for UL. To meet the diverse deployment scenarios and traffic requirements in next generation access network, many new multiple access schemes are proposed in literatures [1]-[2]. It’s worth mentioning that anyone of these multiple access schemes, such as power domain NoMA, sparse code based NoMA can be implemented freely combining with OFDM based waveforms. 
In RAN1#84bis meeting [3], different multiple access methods were proposed and the following agreements on assumptions for evaluation are achieved:

Agreement:

· Link-level simulation (LLS) and system-level simulation (SLS) are used for multiple access evaluation. 
· LLS* is used for feasibility investigation of new MA proposals, comparison of different proposals in typical scenarios.
· SLS is used for comparison of proposals, and verification with traffic/scheduling/multi-cell interference dynamics.
· * LLS includes LLS with optional analytical model.
Conclusion:
· Preliminary LLS evaluation results are encouraged to be provided for RAN1#85.
In this contribution, we give some theoretical analysis of NoMA and OMA. It would helpful to have analytic evaluations such that we can gain some insight on the pros and cons of various schemes before starting LLS and SLS evaluations. And we also provide some preliminary simulation results according to the agreed evaluation assumptions in the e-mail discussion. 
2. Theoretical analysis of NoMA
In this section, to provide an insight of the achievable sum rate for NoMA in the uplink, we analyze the constellation-constrained (CC) capacity [4] of NoMA in the multiple access channel (MAC). The CC capacity is measured by the mutual information between the input and the output of a Rayleigh fading channel, where modulated symbols of each user are constrained to a finite set of constellation points with uniform distribution. For a K-user MAC channel, the received symbol vector y at the base station is
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 is assumed to be independent and identically distributed (i.i.d) complex Gaussian random variable with zero mean and unit variance, 
[image: image8.wmf]eff

=

HHs

e

 denotes the effective channel matrix for all 
[image: image9.wmf]K

 users, 
[image: image10.wmf][

]

12

,,,

T

K

xxx

=

x

L

 refers to the transmitted symbol vector of all 
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 denotes the element-wise Hadamard product of two matrices, and finally 
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 is the noise vector.
For illustrative purposes, we utilize the sparse code based NoMA to exemplify the NoMA scheme. We write the received signal vector 
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 for the sparse code based NoMA scheme with sparse pattern matrix 
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 as follows:
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Using the chain rule from the information theory, we can express the sum of the CC capacity as follows:
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The term 
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 denotes the size of modulation order of the k-th user, which is assumed to be 4 (i.e., quadrature phase shift-keying (QPSK) constellation is considered) for all users in this paper without loss of generality. To realize 150% overloading, without loss of generality, we can also utilize the following sparse pattern matrix for an example and others are not precluded.
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Then, we can compute the CC sum capacities of these different NoMA schemes with different sparse pattern matrices in Fig. 1, where the CC sum capacity of OMA is also shown for comparison. 
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Fig.1 Numerical results of constellation constraint capacity for UL sparse code based NoMA overloading 150%
Here we want to emphasize that the goal of our comparison for the uplink multiple access study is the uplink access user number for a given system target spectrum efficiency (the range of operation point under the given modulation order), not the single user throughput. So the same modulation order (QPSK) is assumed for each user both in OMA case and NoMA case in the above numerical simulation.
Observation 1: All two sparse code based NoMA encoder matrices can achieve a maximum sum rate of 3 bps/tone  in the high SNR region, indicating a 50% capacity increase compared with the conventional OMA scheme if the modulation is constrained to be QPSK. It should be noted that when modulation order increase, the gain may be reduced. 

Observation 2: The average difference of CC sum capacity between the C2×3 (labeled NoMA-2*3) and C4×6 (labeled NOMA-4*6) is about 4% in the intermediate and low-SNR range due to less diversity order of users of the C2×3. 
Proposal 1: A less row weight sparse pattern matrix strikes a good balance between overloading performance and complexity, which should be considered for future NoMA design. 
Note: The proposal 1 can be further verified by latter LLS results.
3. Preliminary link-level results
In this section, the preliminary link level evaluation results of sparse code based NoMA and OMA are presented. In this simulation, we evaluate the sparse code based NoMA overloading 150% with per user target SE 0.5bps/Hz under different frequency selective fading channel, as shown in Fig.2. The major simulation parameters are shown in Table A1, which are well aligned with the multiple access e-mail discussion. 
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(a) EPA     




            (b) ETU
Fig.2 LLS performance curves for UL sparse code based NoMA overloading 150% with total SE 1.5bps/Hz (EPA & ETU 3km/h) 
Observation 3: Sparse code based NoMA outperforms OMA in most of the SNR region and the demodulation threshold of NoMA at BLER=0.1 is 1dB lower than OMA (1dB SNR gain) for the given system target spectrum efficiency of 1.5 bps/Hz. It becomes less competitive in extremely low SNR region
Besides performance differences between OMA and NoMA observed from the above theoretical analysis and simulation evaluation, a study on scenarios and requirements for Next Generation Access Technologies has been made in [5]. 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, from the operator’s point of view, we had suggested a compatible multiple access structure in [6] where it is exemplified by a downlink transmission. 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 modules. It is worth mentioning that the flexible unified multiple access framework is also required by an uplink transmission.
Proposal 2: It is preferred to study a hybrid / flexible MA which can select and / or adjust between OMA and NoMA. 
4. Conclusions
In this contribution, we present the constellation constraint capacity comparison between sparse code based NoMA and OMA, and give preliminary link-level evaluation results under different channel characteristics. Based on the above analytical and link-level evaluation, we would like to put forward the following observations and proposals:
Observation 1: All two sparse code based NoMA encoder matrices can achieve a maximum sum rate of 3 bps/tone  in the high SNR region, indicating a 50% capacity increase compared with the conventional OMA scheme if the modulation is constrained to be QPSK. It should be noted that when modulation order increase, the gain may be reduced.
Observation 2: The average difference of CC sum capacity between the C2×3 (labeled NoMA-2*3) and C4×6 (labeled NOMA-4*6) is about 4% in the intermediate and low-SNR range due to less diversity order of users of the C2×3.

Observation 3: Sparse code based NoMA outperforms OMA in most of the SNR region and the demodulation threshold of NoMA at BLER=0.1 is 1dB lower than OMA (1dB SNR gain) for the given system target spectrum efficiency of 1.5 bps/Hz. It becomes less competitive in extremely low SNR region
Proposal 1: A less row weight sparse pattern matrix strikes a good balance between overloading performance and complexity, which should be considered for future NoMA design.
Proposal 2: It is preferred to study a hybrid / flexible MA which can select and / or adjust between OMA and NoMA.  
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6. Annex: Simulation parameters
Table A1: LLS Evaluation assumptions 
	Parameters
	Values or assumptions

	Carrier Frequency
	2 GHz

	Waveform & Numerology
	OFDM /SC-FDMA, Same as Release 13

	Channel coding
	Turbo

	System Bandwidth
	10 MHz

	Total allocated bandwidth for transmission
	4RB (0.72MHz)

	Overhead
	2 DMRS symbols, no SRS, i.e., 144 available RE per RB for data transmission, or equivalent overhead

	Suggested target spectral efficiency
Definition: TB size per user / total number of resource elements shared for data transmission
	TB size per user in 4RB case (without CRC): 120 bits

	BS antenna configuration
	2 Rx 

	UE antenna configuration
	1Tx

	Transmission mode
	TM1 (refer to TS36.213)

	Suggested SNR distribution of multiple UEs
	Equal average SNR (short-term variation remains)

	Propagation channel & UE velocity
	EPA, ETU 
3km/h

	Max number of HARQ transmission
	0

	Given BLER level (to calculate sum throughput)
	0.1 for 1 transmission as starting point, other numbers not precluded, e.g.,
0.01 for 1 transmission
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