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Introduction
A study item of new radio access technology is agreed in RAN#71[1], the study aims to develop an NR access technology to meet a broad range of use cases including enhanced mobile, broadband, massive MTC, critical MTC, and additional requirements defined during the RAN requirements study.
In RAN1#84bis and RAN1 #85, different new multiple access schemes are proposed and discussed, such as MUSA, RSMA, SCMA, PDMA ,NCMA, NOMA and some other low code rate spreading and frequency domain spreading schemes.The evaluation assumptions of both link level and system level have been discussed and agreed.
In this contribution, we give updated uplink link level simulation results of some new multiple access schemes mentioned above, and also some observations are given based on the simulation results., the simulation assumptions of link level are given in appendix.
Discussion of New multiple access schemes
From all the new multiple access schemes observed, we can see that some schemes have common features like code domain non orthogonal signal superposition based on legacy OFDMA, take Sparse Code Multiple Access (SCMA) [2] and Pattern defined multiple access (PDMA)[3] as example, SCMA utilizes sparce spreading similar as low density spreading, as shown in figure 1, coded bits of a data stream are directly mapped to a codeword from a codebook built based on a multi-dimensional constellation.
[image: ]
Figure 1 Sparce code multiple access
As for PDMA, the principle is that a code is used to define sparse mapping from data to a group of resources. The code could be represented by a binary vector. The dimension of the vector equals to number of resource in a group. Each element in the vector corresponds to a resource in a resource group. A ‘1’ means that data shall be mapped to the corresponding resource. Actually, the number of ‘1’’s in the code is defined as its transmission diversity order. A code matrix is constructed by all codes sharing on the same resource group.
In our link level simulation, the transmitter side change the encoding operation from OFDMA to SCMA and PDMA modulater, and the receiver side adopt message passing algorithm (MPA) receiver algorithm. To be noted here is that we only give the uplink evaluation results.
Evaluation results and analysis
The detailed simulation assumtpions in our simulation are same as the agreed assumption shown in appendix, some other parameters which are not agreed are shown as following:
· The total allocated bandwith for transmission is 12 RB (2.16MHz)
· Target spectral efficiency is 1.5 bit/s/Hz and 2.25bit/s/Hz
· The channel mode we used here is EPA channel model 
· Equal average SNR (short-term variation remains) 
· BS antenna configuration 2 Rx
· Given BLER level: 0.1 for 1 transmission 
· Overloading factor: 150%
· Assuming six users are multiplexed on 4 REs 
· Distributed resource allocation scheme for OFDMA, SCMA and PDMA
The BLER performance comparison between SCMA and OFDMA in uplink link level simulation with different spectrum efficiency are shown in Figure 2 and Figure 3, from these figures, we can see that SCMA could get better performance than OFDMA.
 [image: SCMA] 
Figure 2 performance comparison between OFDMA and SCMA(SE=1.5bps/Hz)
[image: SCMA]
Figure 3 performance comparison between OFDMA and SCMA(SE=2.25bps/Hz)
The BLER performance comparison between PDMA and OFDMA with different spectrum efficiency are shown in Figure 4 and Figure 5, from these figures, we can see that PDMA could get better performance than OFDMA. 
[image: PDMA]
Figure 4 performance comparison between OFDMA and PDMA(SE=1.5bps/Hz)


[image: PDMA]
Figure 5 performance comparison between OFDMA and PDMA (SE=2.25bps/Hz)
The performance gain of SCMA and PDMA both come from the code domain signal superposition,which allows superposition of multiple symbols from different users on each resource element (RE),and the advanced receiver can be adopted to differentiate multiple users on same RE. So based on our observation that code domain non orthogonal signal superposition could get performance gain compared with OFDMA, we propose that code domain spreading non orthognal multiple access scheme could be supported as new multiple access scheme.
Conclusion
In this contribution, we give our update link level simulation results of some new multiple access scheme such as SCMA and PDMA, from the simulation results, we observed the code domain spreading non orthogonal multiple access could get performance gain than OFDMA, and is proposed to be supported as new mutliple access scheme for new radio interface.
References
[1] RP-160671 New SID Proposal: Study on New Radio Access Technology, NTT DOCOMO ,RAN#71 meeting,2016.3
[2] R1-164037	LLS results for uplink multiple access	Huawei, HiSilicon
[3] R1-164247	Performance on LLS of PDMA	CATT






Appendix
Table 1 Evaluation parameters – LLS for UL 
	Parameters 
	Values or assumptions 

	Carrier Frequency 
	2 GHz 

	Waveform 
	OFDM /SC-FDMA /OFDM 

	Channel coding 
	LTE Turbo as start point 

	Numerology 
	Same as Release 13 

	System Bandwidth 
	10 MHz 

	Total allocated bandwidth for transmission 
	12PRB 

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

	Target spectral efficiency 
	SE =1.5,2.25 

	BS antenna configuration 
	2Rx 

	UE antenna configuration 
	1Tx 

	Transmission mode 
	TM1 (refer to TS36.213) 

	Suggested SNR distribution of multiple UEs 
	Equal average SNR   

	Max number of HARQ transmission 
	1 

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