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Introduction
In RAN #71, the SID on the 5G new radio interface was approved [1]. The design of 5G new radio interface should include waveform and multiple access schemes. It was agreed in SID that OFDM based waveform will be used for the 5G new radio interface.
In this contribution, we discuss the considerations on multiple access schemes for the 5G new radio interface.
Discussion
Potential Multiple Access Schemes
Multiple access scheme was regarded as the landmark of each generation of mobile communication systems. For example, frequency division multiple access (FDMA) was used in the first generation (1G), time division multiple access (TDMA) was used in the second generation (2G), code division multiple access (CDMA) was introduced in the third generation (3G), and orthogonal frequency division multiple access (OFDMA) is the key component of the fourth generation (4G). The above multiple access schemes are categorized as orthogonal multiple access (OMA) schemes, which separate users in orthogonal resources such as frequency, time or code domain resources. OMA has the advantages of building system with low complexity.  The disadvantage of OMA is the capacity limitation.
As defined in IMT.Vision [2], 5G radio technology should focus on supporting three categories of  applications; they are  enhanced mobile broadband (eMBB), massive machine type communication (mMTC), ultra reliability low latency communication (URLLC). For eMBB, the challenging requirements include 100Mbps user perceived data rate and 3-5 times spectrum efficiency improvement over LTE system. For mMTC, one of the challenging requirements is 1 million devices connections per square kilometer. The requirements for URLLC include end-to-end delay in 0.5 ms and reliability above 99.999%. OMA is still a valid candidate for 5G multiple access scheme. However, OMA might not be able to fulfill some requirements, such as services for dense MTC devices deployments. Non-orthogonal multiple access (NOMA) has thus been considered as a promising candidate to meet the requirements in increasing the number of connections and 5G system capacity. Evidently, NOMA technologies has been studied in MUST study item [3] as an enhancement of LTE-A Pro in 3GPP.

Observation 1: Non-orthogonal multiple access scheme is a promising candidate to meet the 5G performance requirements.

Performance of NOMA in Comparison with OMA
According to the research in multi-user channel [4], NOMA with superposition coding at transmitter and SIC at receiver working together are able to achieve capacity boundary of multiple access channel (MAC) or degraded broadcast channel (BC).
Figure 1 shows comparison between NOMA and OMA in uplink system and downlink system respectively. As shown in Figures 1 for both uplink and downlink, non-orthogonal transmission has higher capacity than orthogonal transmission. Though at some points NOMA and OMA show the same capacity, NOMA can get better fairness for users.
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(a) uplink                                                             (b) downlink
Figure 1 Performance of NOMA in comparison with OMA.

Observation 2: NOMA with superposition coding at transmitter and SIC at receiver working together are able to achieve capacity boundary of multiple access channel (MAC) or degraded broadcast channel (BC).

Potential Approaches for NOMA schemes
NOMA schemes increase system capacity and user throughput performance by allocating the same radio resources to multiple users. NOMA scheme exploits the resource sharing through combinations of multi-user power superposition, multi-user space diversity and codebook based multiple access. Each of these approaches affects the properties of the transmitted signals and requires the selection of an appropriate advanced non-linear detector which is capable of decoding the multiple user signals at the receiver [5].  Several NOMA schemes have been studied intensively, such as interleaver based interleaving division multiple access (IDMA) [6], power based bit division multiplexing (BDM) [7], code based pattern division multiple access (PDMA) [8], code based sparse code multiple access (SCMA) [9], code based multiple user sharing access (MUSA) [10], etc.


Use Cases of NOMA in 5G New Radio Interface
According to research results in [11], NOMA scheme can improve spectrum efficiency comparing to orthogonal access in LTE. NOMA support large number of users accessing the system. NOMA scheme can improve spectrum efficiency, around 30% for downlink and 100% for uplink in eMBB. NOMA scheme can also be used for mMTC and URLLC applications to increase the number of user connections by 5 times for mMTC and by 9 times.
Table 1 summarizes use cases and related gain of NOMA over OMA in 5G new air interface.

Table 1: Use cases and gain of NOMA over OMA in 5G
	Use Cases
	Gain of NOMA over OMA

	eMBB DL
	>30% for Spectrum Efficiency

	eMBB UL
	>100% for Spectrum Efficiency

	MMTC
	>5x for UE connection number

	URLLC UL
	>9x for UE connection number even within 1ms air interface delay



Observation 3: NOMA scheme improves spectrum efficiency for eMBB.
Observation 4: NOMA scheme increases the number of user connection for mMTC and URLLC.

Conclusion
In this contribution, multiple access schemes for 5G new radio interface are discussed. We have following observations:
· Observation 1: Non-orthogonal multiple access scheme is a promising candidate to meet the 5G performance requirements.
· Observation 2: NOMA with superposition coding at transmitter and SIC at receiver working together are able to achieve capacity boundary of multiple access channel (MAC) or degraded broadcast channel (BC).
· Observation 3: NOMA scheme improves spectrum efficiency for eMBB.
· Observation 4: NOMA scheme increases the number of user connection for mMTC and URLLC.
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