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In Rel-14 NR SI, there are a lot of valuable observations and agreements towards the non-orthogonal multiple access (NoMA) study and evaluations in different aspects. 15 candidate MA schemes have been proposed up to RAN1#86 (see Appendix for the whole list) and their common features have been identified and captured in TR 38.802 [1]. The major agreements and observations in in Rel-14 MA study are listed in [2], while the agreed evaluation parameters for both LLS and SLS can be find in [1] section 9 and [3][4], the summary of all MA related LLS and SLS assumptions and results in Rel-14. As agreed in the SID of Rel-15 NoMA SI, these observations on the MA properties, agreements on frameworks and simulations assumptions, and conclusions should serve as a starting point for the Rel-15 NoMA SI.
In this contribution, we introduce again sparse code multiple access (SCMA) as one typical design with potential benefits in different aspects. 
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Sparse Code Multiple Access (SCMA) is a novel multiple access technology [6, 7] that has been considered for 5G NoMA since Rel. 14 SI. The key elements of SCMA include building the “structured” symbol dependency among a sequence of symbols via joint modulation and spreading design (also known as multi-dimensional modulation or modulation dependent spreading) and introducing sparsity in the spreading to further suppress the inter-user interference. 
The benefit of having “structured” symbol dependency mainly comes from the UE separation capability in the high overloading case provided by the “structured” symbol dependency. Note that although FEC by nature provides symbol dependency “implicitly”, this dependency may not be efficiently harnessed in practical situations with receiver and FEC imperfections.
As mentioned above, to construct the symbol dependency, SCMA applies joint modulation and spreading, which has the benefit of providing more degrees of freedom in optimizing the constellations across multiple symbols. A design example is given in Figure 1 for joint design of 16-point constellation over two symbols. As can be seen, by adjusting the labeling of the input bits to the constellation points for each resource element (RE), the overall distance (Euclidean or product) can be optimized. 
Such flexibility does not exist in the simple sequence based or repetition based spreading, so the overall distance property in the symbol space is poorer for these types of spreading. Figure 4 shows the link-level performance comparison between the joint modulation and spreading for 16-point constellation shown in Figure 2 compared to the simply spreading a 16QAM symbol by a sequence over two REs. More details about the simulation parameters can be found in table A-2 in the appendix. The results in the AWGN channel reflect the pure performance difference between the overall constellations resulting from joint mapping and linear spreading over the same set of symbols. As can be seen, joint modulation and spreading has significant gain over linear spreading. This gain can be characterized as “coding gain” due to better distance properties. Note that this coding gain over the linear spreading exists regardless of the spreading factor. For higher spreading factor, higher coding gain is expected due to having more degree of freedom for optimizing the distances over symbol repetition. Note that the results in AWGN are given as a reference to reflect the pure performance difference between the overall constellations resulting from joint mapping and linear spreading over the same set of symbols.
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Figure 1. Example of joint modulation and spreading for 16-point constellation
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	Figure 2. Example of single user performance comparison between joint mapping and linear spreading (repetition or sequence based) in both AWGN and fading channels



On the other hand, compared to one symbol QAM modulation, joint modulation and spreading enables having good 8-point constellation design across symbols. An example is shown in the Figure 3 in which three bits are mapped over two symbols. This provides more flexibility of optimizing the NoMA design and configuration by providing smooth transitions between the modulation size and FEC rate to satisfy the required KPI in various scenarios. The benefit of such joint mapping design is justified in Fig. 4, i.e., the 8-point joint mapping provides better performance compared to linear spreading for both QPSK and 16QAM modulation cases. Details about the simulation parameters are in Table A-3. 
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Figure 3. Example of joint mapping of three bits to two REs
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	Figure 4. Example of single user performance of 8-point joint mapping vs linear spreading in AWGN and fading channels



Observation 1: Joint modulation and spreading design is more efficient than sequence or repetition based linear spreading due to higher degrees of freedom for mapping design and more modulation granularity.   
In summary, SCMA provides flexible NoMA transmission and UE multiplexing by allowing UE separation in two domains: 1) UE specific joint modulation and spreading and 2) UE specific sparse pattern design. To be more specific, joint modulation and spreading offer the best tradeoff between the coding gain (through optimizing the distance properties and providing more modulation granularity), the spreading gain (by providing configurable dependency between the symbols which can be realized in multi-user detection), and the overloading capability (by including sparsity as additional design in UE separation). On the other hand, SCMA can be considered as a general framework which includes repetition based spreading (full symbol dependency) on one extreme and sparse mapping (no symbol dependency) on the other extreme. Therefore, by configuring the design parameters one can adapt the transmission scheme based on the system requirements in each scenario. It should be note that SCMA design allows for near-optimal multi-user decoding using low-complexity receivers (like EPA [8, 9]) even for high overloading scenarios. In summary, SCMA a suitable candidate for NoMA transmission in NR to satisfy different performance metrics for each of the eMBB, URLLC, and mMTC use cases. 
Proposal 1: Further study and evaluation on the performance of joint modulation and spreading and sparse symbol-to-RE mapping should be performed during the Rel-15 NoMA SI.
Conclusion
In this contribution, we introduce again SCMA as a typical NoMA transmitter design and made the following observations and proposals.
Observation 1: Joint modulation and spreading design is more efficient than sequence or repetition based linear spreading due to higher degrees of freedom for mapping design and more modulation granularity.   
Proposal 1: Further study and evaluation on the performance of joint modulation and spreading and sparse symbol-to-RE mapping should be performed during the Rel-15 NoMA SI.

References
3GPP TR 38.802: “Study on New Radio (NR) Access Technology; Physical Layer Aspects”.
R1-1715576, “Discussion on NoMA study for Rel-15 SI”, Huawei, HiSilicon, RAN1 NR Ad Hoc #3, Nagoya, Japan, 18 – 21, September 2017.
R1-1611062, “Summary of preliminary LLS results”, Huawei, HiSilicon, RAN1#86b, Lisbon, Portugal, October, 10-15, 2016.
R1-1611063, “Summary of preliminary SLS results”, Huawei, HiSilicon, RAN1#86b, Lisbon, Portugal, October, 10-15, 2016.
RAN1 Chairman’s notes, RAN1#86b, Lisbon, Portugal, October, 10-15, 2016.
[bookmark: _Ref447006638][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK63]H. Nikopour and H. Baligh, “Sparse Code Multiple Access,” IEEE PIMRC, 2013.
[bookmark: _Ref447006644]M. Taherzadeh, H. Nikopour, A. Bayesteh and H. Baligh “SCMA Codebook Design,” IEEE VTC, Fall 2014.
[bookmark: _Ref501653346]X. Meng, Y. Wu, Y. Chen and M. Cheng, “Low complexity receiver for uplink SCMA system via expectation propagation,” in Proc. IEEE WCNC, San Francisco, USA, 2017.
 R1- 1801362, “Discussion on Receiver structure for NoMA”, Huawei, HiSilicon, RAN1#92, Athens, Greece, Feb. 26 – Mar. 2 2018.



Appendix
Table A-1. Summary of the proposed NoMA schemes and their reported design domain 
(in the increasing order of tdoc numbers)
	NoMA scheme
	Company
	Full name
	Design domain

	SCMA
[R1-162155]
	Huawei
	Sparse code multiple access
	Symbol-level 

	MUSA
[R1-162226]
	ZTE
	Multi-user shared access
	Symbol-level 

	FDS
[R1-162385]
	Intel
	Frequency domain spreading
	Symbol-level 

	LCRS
[R1-162385]
	Intel
	Low code rate spreading
	Bit-level 

	NCMA
[R1-162517]
	LGE
	Non-orthogonal coded multiple access
	Symbol-level 

	NOMA
[R1-163111]
	DCM
	Non-orthogonal multiple access
	Symbol-level

	RSMA
[R1-163510]
	Qualcomm
	Resource spread multiple access
	Symbol-level 

	IGMA
[R1-163993]
	Samsung
	Interleave-grid multiple access
	Bit-level & Symbol-level 

	PDMA
[R1-164247]
	CATT
	Pattern division multiple access
	Symbol-level 

	LDS-SVE
[R1-164329]
	Fujitsu
	Low density spreading-signature vector extension
	Symbol-level 

	LSSA
[R1-164869]
	ETRI
	Low code rate and signature based shared access
	Bit-level & Symbol-level

	NOCA
[R1-165019]
	Nokia
	Non-orthogonal coded access
	Symbol-level 

	IDMA
[R1-165021]
	Nokia
	Interleaver division multiple access
	Bit-level 

	RDMA
[R1-167535]
	MTK
	Repetition division multiple access
	Symbol-level 

	GOCA
[R1-167535]
	MTK
	Group orthogonal coded access
	Symbol-level 

	WSMA
[1st MA workshop]
	Ericsson
	Welch-bound equality based spread multiple access
	Symbol-level 
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	Parameter
	Value

	Evaluated schemes
	Two-dimensional 16-point shown in Figure 3 vs. linear spreading of 16QAM over two symbols

	Channel model
	SISO AWGN and SIMO 1x2 TDLA-30 channel

	Channel coding
	Turbo code with rate 0.5

	Number of data tones
	864 (equivalent to 6 LTE RBs, including the DM-RS overhead)

	Transport Block size
	864 (including CRC bits, Spectral Efficiency = 1)




Table A-3. Simulation Assumptions for Figure 5.
	Parameter
	Value

	Evaluated schemes
	Single-UE performance for Joint mapping of 8-point shown in Figure 6 to two tones with two zero tones vs. linear spreading of  QPSK and 16QAM and  over 4 symbols

	Channel model
	SISO AWGN and SIMO 1x2 TDLA-30 channel

	Spectral Efficiency
	0.25 per tone

	Number of data tones
	864 (equivalent to 6 LTE RBs, including the DM-RS overhead)

	Transport Block size
	216 (including the CRC bits)
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