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Introduction
In RAN Meeting #71, a study item proposal was agreed on the new radio (NR) access technology [1]. The study aims to develop an NR access technology to support the wide range of usage scenarios identified in the Recommendation ITU-R M.2083 [2], specifically: enhanced Mobile BroadBand (eMBB), Ultra-Reliable and Low-Latency Communications (URLLC), and massive Machine Type Communications (mMTC). The initial work of the study item will focus on the flowing areas [1]:
· Fundamental physical layer signal structure for new RAT
· Waveform based on OFDM, with potential support of non-orthogonal waveform and multiple access
· FFS: other waveforms if they demonstrate justifiable gain
· Basic frame structure(s)
· Channel coding scheme(s)
This contribution identifies the key capabilities of each of the 5G usage scenarios, highlights how the key performance indicators (KPI) defined in [3] translate into design considerations for the multiple access (MA) schemes, and provides our views on potential areas for investigation to enable meeting those requirements.
The relevance of key capabilities may be significantly different across the different usage scenarios [2]. Specifically, for eMBB, spectral efficiency and area traffic capacity are of high importance, together with mobility, peak data rates and user experienced data rates. For this use case, in addition to the choice of the waveform, the MA technique has the potential to improve the spectral efficiency.
Similarly, for URLLC, the user plane latency and reliability are of high importance. To ensure low latency, new MA schemes may need to be investigated, to enable coexistence with the more traditional schemes employed for eMBB.
Lastly, for mMTC, the connection density is of high importance, while the spectral efficiency, peak data rates and user experienced data rates are of lower importance. This indicates what design trade-offs may be possible to address these requirements.

MA techniques for eMBB
As identified in [2], the capabilities of high importance for the eMBB usage scenario include, but are not limited to, the peak data rate, user experienced data rate, area traffic capacity and spectral efficiency. Building on [2], TR 38.913 specifies the target Cell/Transmission Point/TRP spectral efficiency for eMBB deployment scenarios to be in the order of 3 times IMT-Advanced requirements, peak data rate as 20Gbps for downlink and 10Gbps for uplink, and the target for peak spectral efficiency should be 30bps/Hz for downlink and 15bps/Hz for uplink. In addition to the changes in the waveform, frame structure and channel coding schemes, efficient multiple access schemes are needed to help meet the spectral efficiency requirement.


Downlink eMBB
In Release-13, various non-orthogonal and semi-orthogonal transmission schemes were investigated to improve the multi-user capacity [4]. The schemes focused on the DL and employed a power-domain non-orthogonal multiple access approach (referred to as multi-user superposition transmission, MUST). Among other conclusions, the SI has shown that MUST can increase system capacity and is “generally more beneficial when the network experiences higher traffic load” [4]. This indicates that while the default multiple access mode for the DL eMBB remains OFDMA, further investigation on ways to enhance MUST may be necessary for DL eMBB. For example, Massive MIMO is widely viewed as one of the key technologies to satisfy the stringent requirements of IMT-2020. Non-orthogonal transmission schemes in conjunction with MU-MIMO can be considered as a viable candidate to further improve the system spectral efficiency. Therefore, the intersection of multiple access design and large-scale antenna array systems need to be identified. Another key potential candidate proposed to address challenges of 5G is ultra-dense networks. To mitigate the inter-cell interference, non-orthogonal multiple access schemes across neighbouring cells can be considered for the new radio interface.

Uplink eMBB
The default multiple access scheme for uplink eMBB should still be synchronous grant-based SC-FDMA. Further capacity enhancements may be attained considering power-domain MUST-like schemes for the UL, where optimal pairing of the users based on SINR difference is achieved via eNB scheduling.
Proposal 1: Scheduled based OFDMA and SC-FDMA should remain the baseline access schemes for DL and UL eMBB, respectively.
Proposal 2: For capacity improvement, non-orthogonal access schemes may be designed in conjunction with other potential candidates such as Massive MIMO, mmWave and ultra-dense networks for both DL and UL eMBB.

To enable opportunistic access to unlicensed spectrum while coexisting with other potential spectrum users, contention based multiple access needs to be supported for both DL and UL.
Proposal 3: Contention based multiple access needs to be supported for both DL and UL for operation in unlicensed spectrum.

MA techniques for URLLC
One of the new usage scenarios that 5G needs to support is URLLC [2], [3]. The key capabilities of URLLC identified in [2] and [3] are the reliability and the user plane latency. 
The target user plane latency, defined as the time it takes to successfully deliver a packet from layer 2/3 SDU ingress point to the egress point [3], is 0.5 ms for both downlink and uplink. The target reliability, on the other hand, is 1-10-5 within 1 ms [3]. 
The design of the multiple access schemes for URLLC should be flexible to accommodate a wide range of traffic and usage scenarios. In one usage scenario, URLLC traffic may be cyclic with a specific arrival time, possibly from many devices. This type of traffic is predictable and may be observed, for example, on a factory floor, or in networks between autonomous vehicles. In another usage scenario, traffic may be sporadic without a specific arrival pattern, for example packets from alarm sensors. This type of traffic is hard to predict and dynamic.

Uplink multiple access schemes
Since URLLC traffic has stringent reliability and latency requirements, nodes have to be synchronized. For predictable traffic, an orthogonal multiple access scheme with pre-scheduled allocation of resources (e.g. SC-FDMA with SPS) would be preferred to reduce the signalling overhead and lower the latency. The amount of allocated resources have to be chosen to maximize the spectral efficiency of the system since any unused resources will reduce the system capacity. Users may be multiplexed in frequency and code domains. Time domain multiplexing should consider the implications on the latency.
For the case of unpredictable URLLC traffic, an orthogonal multiple access scheme with dynamic scheduling may be preferred to avoid the potential loss of spectral efficiency due to unused resources. A certain amount of control channel resources have to be reserved for the transmission of scheduling requests in the uplink and resource allocation information in the downlink. The amount of reserved resources should be carefully chosen so that the overhead is minimized while the performance indicators are achieved. Orthogonality may be achieved in time, frequency, and/or code domains.
In some other usage scenarios, URLLC traffic may be aperiodic, and infrequent. In these scenarios, reserving dedicated resources for the transmission of URLLC data and/or control information may not be desirable due to the high probability of those resources being underutilized. A more flexible scheme with grant-free and non-orthogonal multiple access may need to be evaluated. 
With non-orthogonal multiple access, methods to multiplex URLLC transmissions while minimizing the multi-user interference need to be investigated. In addition, due to the possible interference from other transmissions, techniques are required to improve the robustness so that the target reliability and latency are achieved. To this end, spreading and code domain multiple access may be beneficial.
Proposal 4: Support for both orthogonal multiple access with grant-based transmission and non-orthogonal multiple access with grant-free transmission may be considered for UL URLLC traffic. Both types of multiple access should be evaluated based on the specific usage scenarios.

Downlink multiple access schemes
The considerations for the design of the uplink multiple access hold also for downlink multiple access. For predictable DL URLLC traffic, orthogonal multiple access with pre-allocation of resources would reduce the signalling overhead. On the other hand, dynamic scheduling based orthogonal multiple access may be preferred for unpredictable, sporadic traffic. When aperiodic and infrequent URLLC traffic arrives, existing transmissions may be punctured to accommodate the URLLC traffic. Unlike the uplink case, however, orthogonality may be preserved since all transmission is generated by the eNB.
Proposal 5: Orthogonal multiple access for DL URLLC (such as OFDMA) should be the baseline.

MA techniques for mMTC
Another important usage scenario in 5G is mMTC. The key performance indicator for this scenario is the support of high connection density where the target number of connected and/or accessible devices is 1 million/km2 [3]. Many of these devices will be power limited, have only small packets to transmit, and some of them may be located in challenging locations with high signal power loss. The target battery life of these devices depends on the data transfer activity and stored energy, and may be as high as 15 years [3].

Uplink multiple access schemes
In the NB-IoT WI [5], orthogonal multiple access with grant-based transmission and dedicated resources for transmission is used. Before data transmission, devices have to achieve synchronization and correct their timing. Although this approach may still be used for many devices, random access procedures and control channel signalling such as sending scheduling requests may result in excessive overhead and high UE power consumption. 
Contention based grant-free transmission may be desirable as it would eliminate transmission of scheduling requests in the uplink and resource allocation information in the downlink. The signalling overhead may be further reduced by relaxing the mMTC uplink synchronization requirements, allowing asynchronous transmission. These would also reduce the UE power consumption, extending the battery life.
Proposal 6: Non-orthogonal multiple access with asynchronous transmission should be evaluated for the uplink of mMTC.

Downlink multiple access schemes
The large number of simultaneous connections required for mMTC may be satisfied with an orthogonal multiple access scheme such as OFDMA. Non-orthogonal or semi-orthogonal multiple access, however, may be beneficial to reduce the amount of dedicated resources by employing overloading while minimizing the multi-user interference. Code domain multiple access over OFDMA may be used for this purpose.
Proposal 7: Non-orthogonal or semi-orthogonal multiple access schemes need to be studied for mMTC.

Summary
This contribution discussed how the key capabilities of each of the 5G usage scenarios translate to key design requirements for the multiple access (MA) schemes, and provided our views on the potential standardization impact of implementing the MA schemes. We made the following proposals.
Proposal 1: Scheduled based OFDMA and SC-FDMA should remain the baseline access schemes for DL and UL eMBB, respectively.
Proposal 2: For capacity improvement, non-orthogonal access schemes may be designed in conjunction with other potential candidates such as Massive MIMO, mmWave and ultra-dense networks for both DL and UL eMBB.
Proposal 3: Contention based multiple access needs to be supported for both DL and UL for operation in unlicensed spectrum.
Proposal 4: Support for both orthogonal multiple access with grant-based transmission and non-orthogonal multiple access with grant-free transmission may be needed for UL URLLC traffic. Both types of multiple access should be evaluated based on the specific usage scenarios.
Proposal 5: Orthogonal multiple access for DL URLLC may be the baseline. 
Proposal 6: Non-orthogonal multiple access with asynchronous transmission should be evaluated for the uplink of mMTC.
Proposal 7: Non-orthogonal or semi-orthogonal multiple access schemes need to be studied for mMTC.
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