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1 Introduction
Multiple access was listed as a part of fundamental physical layer signal structure for 5G new RAT in RAN #71[1]. In RAN1 #84bis, it was extensively discussed and several agreements are achieved [2]. The overall usage scenarios and use cases have been agreed as follows:

· 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

The evaluation assumptions on multiple access were made with the following agreements:
· 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

The initial evaluation parameters for both LLS UL and DL are provided in [2] along with subsequent email approval about LLS and SLS assumptions for multiple access. Through the email discussion, great progress has been made and most parameters have been come to a common view while some are left for further discussion.
In this contribution, we will provide our initial LLS evaluation results on multiple access schemes based on the agreed evaluation parameters. Simulation parameters can be found in Appendix.
2 Discussion
To meet the requirements of 5G usage scenarios, many non-orthogonal multiple access schemes were proposed [3-10], which allow to accommodate more transmission links than orthogonal schemes, such as low density signature multiple access (LDSMA), multi-user shared access (MUSA), non-orthogonal coded multiple access (NCMA), pattern division multiple access (PDMA), sparse code multiple access (SCMA), and resource spread multiple access (RSMA).  For those multiple access schemes above, the transmitted signal is spread over a set of resources by its spreading pattern defined in each scheme, and thus we can consider them as spreading-based multiple schemes. 
For spreading-based multiple access schemes, usually an advanced receiver with high complexity is required to well suppress the inter-UE interference, e.g. codeword-level SIC and BP-IDD (belief propagation and iterative demodulation and decoding). The basic idea of BP-IDD is that the BP algorithm is used for both demodulation and decoding, and the demodulation and decoding operates in an iterative way as shown in Fig.1. In our simulation, we adopt the BP-IDD algorithm for all spreading-based multiple access schemes that we evaluated.  
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Figure 1. Structure of the BP-IDD receiver

2.1 Uplink link level Performance 
In this subsection, we focus on the uplink link level performance of three spreading-based multiple access schemes: LDSMA, PDMA, and SCMA. LTE OFDMA is also evaluated for reference with the same simulation assumptions.
The BLER performance of LDSMA, PDMA, and SCMA using two MCS modes are shown in Fig.2, Fig.4, and Fig.6, respectively. The sum throughput of LDSMA, PDMA, and SCMA with BLER=0.1 for one transmission are shown in Fig.3, Fig.5, and Fig.7, respectively. In all figures, the performance of LTE OFDMA is also provided as a baseline. 
From the simulation results, it can be observed that the BLER improvement of LDSMA, PDMA, and SCMA over OFDMA in QPSK with code rate=1/2 case is better than that in QPSK with code rate=3/4 case. It can also be observed that LDSMA, PDMA, and SCMA achieve sum throughput gain over OFDMA, and the gain is about 150%. According to the definition of overloading factor in [10], 150% is exactly the overloading factor of LDSMA, PDMA, and SCMA with 6 users spread by a 4-length spreading pattern in our evaluation.
Observation 1: Given the same modulation mode, the BLER gain of LDSMA, PDMA, and SCMA over OFDMA is better when using lower coding rate.
Observation 2: The spreading-based multiple access schemes including LDSMA, PDMA, and SCMA can obtain sum throughput gain over OFDMA.
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Figure 2. BLER performance of LDSMA and LTE OFDMA with different MCSs
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Figure 3. Sum throughput of LDSMA and LTE OFDMA with BLER=0.1 for one transmission
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Figure 4. BLER performance of PDMA and LTE OFDMA with different MCSs
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Figure 5. Sum throughput of PDMA and LTE OFDMA with BLER=0.1 for one transmission
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Figure 6. BLER performance of SCMA and LTE OFDMA with different MCSs
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Figure 7. Sum throughput of SCMA and LTE OFDMA with BLER=0.1 for one transmission
Fig. 8 provides the BLER performance of LDSMA with different number of iterations of BP-IDD receiver. A total bandwidth of 4 RB is allocated for transmission with TB size of 120 bits, QPSK and channel code with 1/2 coding rate. It can be observed that given the same number of outer iterations of BP-IDD receiver, the BLER performance of LDSMA can be improved as the number of inner iterations increases. Also, given the same number of inner iterations of BP-IDD receiver, the BLER performance of LDSMA can be improved as the number of outer iterations increases.
Observation 3: Increasing the number of iterations (inner, outer) of BP-IDD receiver can improve the performance of spreading-based multiple access schemes.
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Figure 8. BLER performance of LDSMA with different number of iterations of BP-IDD receiver
2.2 Complexity 
From Fig. 8, we think that the receiver complexity of multiple access schemes is critical and should be carefully considered in 5G usage scenarios. A BP-IDD receiver is comprised of demodulation and decoding modules. Since the same decoding algorithm is used, when operating with the same number of iterations, the decoding modules in different multiple access schemes have the same complexity and it can be found from [11]. The receiver complexity difference mainly lies on the demodulation module and we provide a theoretical complexity analysis of demodulation module in Table 1, and an example complexity analysis in Table 2 and 3.  From Table 1-3, it can be observed that exponential term 
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row in spreading pattern. Furthermore, the number of inner and outer iterations approximately increases the total complexity linearly as compared to the complexity of single inner iteration. 
Observation 4: The demodulation complexity of BP-IDD receiver is related to the modulation order, the spreading pattern, the number of inner iterations, and the number of outer iterations.
Table 1: Theoretical demodulation complexity of BP-IDD receiver
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Notations: 
[image: image15.wmf]M

 for modulation order, 
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for inner iteration number of BP operation, and  
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for outer iteration number of IDD operation.
Table 2: Example complexity parameters of multiple access schemes with BP demodulation
	
	
[image: image24.wmf]M


	
[image: image25.wmf]F


	
[image: image26.wmf]V


	
[image: image27.wmf]f

c


	
[image: image28.wmf]v

d


	
[image: image29.wmf]BP

I


	
[image: image30.wmf]IDD

I



	LDSMA
	4
	4
	6
	
[image: image31.wmf]3,

f

cf

="


	
[image: image32.wmf]2,

v

dv

="


	2
	1

	PDMA
	4
	4
	6
	
[image: image33.wmf]2,

f

cf

="


	
[image: image34.wmf]12

3456

2

1

dd

dddd

==

====


	2
	1

	SCMA
	3
	4
	6
	
[image: image35.wmf]3,

f

cf

="


	
[image: image36.wmf]2,

v

dv

="


	2
	1


Table 3: Example complexity analysis of multiple access schemes with BP demodulation
	
	Additions
	Multiplications
	MAX process

	LDSMA
	1740
	1536
	36

	PDMA
	528
	256
	28

	SCMA
	787
	648
	28


3 Conclusions
In this contribution, we present our initial LLS evaluation results on spreading-based multiple access schemes. According to the above discussion, we have the following observations:
Observation 1: Given the same modulation mode, the BLER gain of LDSMA, PDMA, and SCMA over OFDMA is better when using lower coding rate.
Observation 2: The spreading-based multiple access schemes including LDSMA, PDMA, and SCMA can obtain sum throughput gain over OFDMA.
Observation 3: Increasing the number of iterations (inner, outer) of BP-IDD receiver can improve the performance of spreading-based multiple access schemes.
Observation 4: The demodulation complexity of BP-IDD receiver is related to the modulation order, the spreading pattern, the number of inner iterations, and the number of outer iterations.
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Appendix: Simulation Assumptions
Table A.1 Uplink Link level simulation assumptions
	Parameters 
	Values or assumptions 

	Carrier Frequency 
	2 GHz 

	Waveform 
	OFDM 

	Channel coding
	LTE Turbo

	Numerology 
	Same as Release 13 

	System Bandwidth 
	10 MHz 

	Total allocated bandwidth for transmission 
	4RB, 12 RB

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

	Target spectral efficiency 
	TB size per user for 4RB case (without CRC): 120 bits

TB size per user for 12RB case (without CRC): 408 bits, 624 bits

	BS antenna configuration 
	2 Rx 

	UE antenna configuration 
	1Tx 

	Transmission mode 
	TM1 (refer to TS36.213) 

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

	Propagation channel & UE velocity 
	TDL-A 

	Max number of HARQ transmission 
	1

	Given BLER level (to calculate sum throughput) 
	0.1 for 1 transmission 

	Overloading factor

(Optional, definition refers to R1-163881)
	100%,150% 

	Receiver
	BP-IDD for LDSMA, PDMA, and SCMA; LMMSE for LTE OFDMA


In our performance evaluation, a total bandwidth of 12 RBs is allocated for transmission with TB size of 408 bits and 624 bits.  For LDSMA, PDMA, and SCMA, the 12 RBs are allocated to 6 users and the spreading vector used in the simulation is with length of 4. The target spectral efficiency per user can be calculated as ( (TB size + CRC size)* spreading length/bandwidth). Considering adding 24 bits CRC and 144 available REs per RB for data transmission, the target spectral efficiency per user are 1 and 1.5 bits/modulated symbol corresponding to two TB sizes 408 bits and 624 bits, respectively. Accordingly, a set of MCS can be selected, i.e. QPSK with code rate=1/2, 8QAM with code rate=1/3, and 16QAM with code rate =1/4 for target spectral efficiency of 1 while QPSK with code rate=3/4, 8QAM with code rate=1/2 and 16QAM with code rate =3/8 for target spectral efficiency of 1.5. Here, QPSK with code rate=1/2 and code rate=3/4 are selected in our performance evaluation as shown in Fig. 2 to Fig. 7. For LTE OFDMA, the 12 RBs are equally allocated to 4 users orthogonally, i.e. each occupies 3 RBs. With TB size of 408 bits and 624 bits, the target spectral efficiency per user is the same as that for LDSMA, PDMA, and SCMA, and the adopted MCS is also the same. Different multiple access schemes adopt different spreading patterns and each column corresponds to the spreading vector for one user. For LDSMA, a spreading pattern 
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is used [4]. For PDMA, the spreading pattern is with a property of unequal column weight, a spreading pattern 
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 is used. For SCMA, spreading pattern and multi-dimensional modulation are jointed optimized. 3-point low projection modulation with a spreading pattern 
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is used in the simulation [8] [9].
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