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Introduction
In NR design, the non-orthogonal multiple access (NoMA) schemes are considered to achieve some KPIs [1][2] in mMTC, eMBB, and URLLC scenarios. Various NoMA schemes have been proposed and several use case for these schemes are discussed: control overhead reduction, the increase of the connectivity, the system throughput, latency reduction and so on. In this contribution, we discuss categorization of MA schemes and main target scenario and use cases.
Discussion
· Categorization of MA schemes
There are a variety of MA schemes and each of them has different characteristics and pros and cons. For better discussion and analysis, it would be helpful to categorize those MA schemes based on proper characteristics, and prioritize them through evaluation and study, if needed. One criterion to categorize schemes we can consider is resource type to be used for MA. In the last RAN1 meeting, several resources for MA are discussed and they are non-orthogonal spreading code, or spatial resource and power. Accordingly, we can come up with the 2 categories of MA schemes depending on resource.
Category 1: non-orthogonal spreading code based MA schemes
Category 2: spatial/power resource based MA schemes
Proposal 1: Categorization of MA schemes can be considered based on resource type to be used for MA.
In Category 1, a number of MA schemes including NCMA [1] were proposed and discussed. They have different characteristics in terms of code sparsity, target code length, Euclidian distance between codes and so on. For example, spreading based NCMA uses codes maximizing Euclidian distance to reduce interference among MA users, RSMA [3] targets long code to deal with asynchronous channel, and PDMA/SCMA [4] uses sparse code and, as a result, frequency time resources allocated to a UE are partially overlapped with another UE’s frequency time resource and it reduces the complexity of ML approach receiver. Given that various schemes fall into this category due to the fact that they use non-orthogonal code but their characteristics are different to each other, further grouping may be needed within Category 1.
Category 2 includes multiple access schemes using spatial domain resources and/or power domain resource. In this case, multiple layers can be multiplexed through orthogonal/non-orthogonal spatial resources. Or, multiple layers can be multiplexed in the same spatial resource but different power is allocated among them [6]. To deal with inter-user interference caused by non-orthogonal spatial resource, user-specific scrambling codes that is able to disperse MUI will be utilized at the transmitter side and advanced receivers [5] are considered at the receiver side. In this category, coding based NCMA [2] can be considered as a potential MA scheme.
· Target scenario of MA scheme
In NR, MA scheme can be utilized for various purposes in different scenarios. We discuss the use case of MA schemes in each scenario one by one in this section.
In mMTC scenario, it can be used for control overhead saving, mMTC UE battery saving, or connectivity increase. To be specific, since mMTC packet size is very small in general, reducing control overhead is critical than other scenarios and one possible solution to address this issue is to use contention based UL transmission without scheduling request and grant. It also saves UE battery consumption resulting from control signalling. In addition, given that NOMA allows multiple access from more UEs than OMA does, it is able to increase connectivity.
For the above purposes, mMTC UE tries contention based UL transmission. To be specific, UEs share a common set of non-orthogonal MA resources and pick one of them randomly and conduct UL transmission. Then, eNB would treat inter-user interference coming from non-orthogonal MA with an advanced receiver [5].
For contention based UL transmission, non-orthogonal code based MA schemes can be utilized. For example, in spreading based NCMA [1,2], multiple UEs are configured with the same resource pool comprising non-orthogonal codes, each of them having maximum Euclidian distance. If UL traffic occurs for two UEs, they randomly select one code from the pool and transmit UL data at the same time, by using the selected code. If the two UE’s selected codes are the same unfortunately, which is called as “hard collision”[8], the UL transmission fails, but otherwise eNB can cancel the inter-user interference by taking advantage of non-orthogonal code.
On top of non-orthogonal spreading code based MA, power domain resources can be used for contention based UL transmission as well [7]. To be specific, there are two UE groups according to UL receiving power; high power group and low power group. To handle inter-group interference, SIC receiver can be used at eNB and to address inter-user interference in the same group, non-orthogonal spreading based NCMA can be used as described above.
Contention based UL transmission can be studied for various UL channel such as PUSCH, or PUCCH. Basically, we see that the first use case is for PUSCH without SR and BSR for the purpose of control overhead saving and power saving. 
In eMBB scenario, MA scheme can be used to increase UL/DL throughput. To achieve eMBB KPI, MU-MIMO based scheme in Category 2 can be considered by using a large number of antennas, which provides more spatial DoF and generates sharper beams. To deal with MU interference, CSI feedback enhancement should be studied and MU-MIMO IC receiver can be considered. Considering that study on MU-MIMO with a large number of antennas and MU-MIMO IC are going on in eFD-MIMO WI and MUST WI, respectively, the study item outcomes can be utilized in eMBB scenario as well. With these reasons, MA scheme in Category 2 seems appropriate to achieve KPI in eMBB scenario and it is a good starting point. Additionally, it is worth studying how much throughput enhancement can be achieved by using contention based UL TCP A/N transmission with MA scheme in Category 1.
In URLLC scenario, contention based UL transmission using NOMA schemes can be introduced to reduce latency but it’s not clear yet how to support ultra-reliability by contention based UL.
Given that NOMA schemes can provide various potential benefits especially in mMTC scenario, it seems reasonable to study NOMA in mMTC and contention based UL transmission, with priority.
Proposal 2: Study NOMA in mMTC scenario and contention based UL transmission, with priority.
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In this contribution, we discuss categorization of MA schemes and main target scenario and use cases, and have two proposals as shown below:
Proposal 1: Categorization of MA schemes can be considered based on resource type to be used for MA.
Proposal 2: Study NOMA in mMTC scenario and contention based UL transmission, with priority.
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