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Introduction
In the SID [2], the study on non-orthogonal multiple access (NOMA) was justified. Similar to LTE, the basic multiple access (MA) scheme for NR is orthogonal for both downlink and uplink data transmissions, meaning that time and frequency physical resources of different users are not overlapped and are orthogonal to each other. 
Many NOMA schemes were evaluated in the Rel-14 NR study item. For the evaluation scenarios the results show significant benefit and gain of NOMA in terms of uplink link level sum throughput and overloading capability, as well as system capacity enhancement in terms of supported packet arrival rate at given system outage. The Rel-14 Study Item further identified that NR should at least target UL NOMA at least for mMTC. For NOMA, there will be interference between transmissions using overlapping and non-orthogonal resources. As the system load increases, this non-orthogonal characteristic is more pronounced. To combat the interference between non-orthogonal transmissions, transmission schemes such as spreading using linear or non-linear, sparse or non-sparse spreading, and scrambling and/or interleaving are normally employed to improve the performance and ease the burden of receiver processing. NOMA can be applied to both grant-based and grant-free transmission. The benefits of NOMA, particularly when enabling grant-free transmission, may encompass a variety of use cases or deployment scenarios which include eMBB, URLLC and mMTC. 
NOMA studies in 3GPP started with the NOMA SI in Rel 14 where different NOMA schemes were investigated. Up to RAN1#86b meeting, preliminary simulations were performed and the NOMA schemes were shown to provide significant benefits and gains in throughput, overloading and handling large packet arrival rates. The results were described and summarized in [1] and captured in TR38.802 which includes the simulation assumptions as well. At RANP#75, a new Study Item on NOMA was approved and further revised at RANP#76 [2]. 
In this contribution, we discussed the operations related to NOMA. 

Discussions for NOMA Operations
The study on NOMA will further progress on the evaluation of NOMA schemes focusing on uplink, and provide recommendation on the NOMA scheme(s) to be specified later. Agreements, observations and evaluation assumption in Rel-14 study shall be the starting point. The detailed objectives are to study the non-orthogonal multiple transmission scheme for the following:

· Transmitter side signal processing schemes for non-orthogonal multiple access 
· Receivers for non-orthogonal multiple access
· Procedures related to the non-orthogonal multiple access  
· Link and system level performance evaluation or analysis for non-orthogonal multiple access

Transmitter side signal processing schemes for non-orthogonal multiple access could consider modulation and symbol level processing, including spreading, repetition, interleaving, new constellation mapping, etc. Coded bit level processing including interleaving or scrambling could be considered. Symbol to resource element mapping, either sparse or non-sparse could be considered. Demodulation reference signal (DMRS) such as capacity of DMRS could be studied. Receivers for non-orthogonal multiple access could consider different receivers or receiver types including MMSE receiver, successive interference cancellation (SIC), parallel interference cancellation (PIC) receiver, joint detection (JD) type receiver, combination of SIC and JD receiver or other receivers. The study should consider both performance and receiver complexity. Procedures related to the non-orthogonal multiple access could consider UL transmission detection, HARQ which includes transmission scheme, feedback scheme, etc. Link adaptation for MA signature allocation and selection could be considered. Synchronous and asynchronous operation could be considered. Adaptation between orthogonal and non-orthogonal multiple access could be studied. Link and system level performance evaluation or analysis for non-orthogonal multiple access continued from performance metrics identified from Rel-14. The benchmark for comparison is OFDM contention based multiple access. Realistic modelling of Tx/Rx impairment including potential PAPR issue, channel estimation error, power control accuracy, collision, etc. should be considered. Traffic model and Deployment scenarios of eMBB e.g., small packet, URLLC and mMTC could be considered. Device power consumption, coverage and link budget as well as latency and signalling overhead could be investigated and evaluated. BLER reliability, capacity and system load could be considered and evaluated. 
Study could target common solution for mMTC, URLLC and eMBB e.g., small packet. A common NOMA scheme for mMTC, URLLC and eMBB (e.g., small packet) may be the most desirable solution. However, considering so many NOMA candidate schemes, each scheme has its own advantages and disadvantages, it may not be possible to have a single NOMA scheme that satisfies all the needs. 
In Rel-14 SI, many NOMA schemes were proposed for UL NOMA as listed below:
· Resource spread multiple access (RSMA) 
· Multi-user shared access (MUSA) 
· Sparse code multiple access (SCMA) 
· Non-orthogonal coded multiple access (NCMA) 
· Non-orthogonal multiple access (NOMA) 
· Interleave-Grid Multiple Access (IGMA) 
· Interleave Division Multiple Access (IDMA) 
· Repetition division multiple access (RDMA) 
· Group Orthogonal Coded Access (GOCA) 
· Pattern division multiple access (PDMA) 
· Low density spreading with signature vector extension (LDS-SVE) 
· Low code rate and signature based shared access (LSSA) 
· Non-orthogonal coded access (NOCA) 
· Low code rate spreading 
· Frequency domain spreading 
As discussed previously, NOMA schemes for UL use MA signature at the transmitter side. A MA signature could include codebook, spreading sequence, interleaving, mapping pattern, DMRS, preamble, power, etc. Although it is still possible to identify a single NOMA scheme which may be sub-optimal across all use cases, it eventually depends on the outcome of evaluation for those considered scenarios and use cases from both link level and system level evaluations. In addition, the simulation assumptions for both link level and system level should consider different scenarios or use cases such that fair comparisons between different NOMA schemes for different use cases and scenarios could be made.
In terms of operation for NOMA, some options may be considered:
· Option 1: a single NOMA scheme for all use cases and scenarios
· Option 2: multiple NOMA schemes, each of which is optimized for a given scenario or use case
· Option 3: multiple NOMA schemes for a given scenario or use case

Option 1 is the most desirable but least feasible solution. When NOMA is used for URLLC, mMTC and eMBB, different design targets may be required for different use cases and scenario. Different KPIs should be applied to different use cases or scenarios. For example, design targets for ULRRC may focus on low latency and high reliability. KPIs could be latency, reliability and system capacity with given latency and BLER. Design targets for mMTC may focus on large number of connections and coverage. That is, KPIs include connectivity density as well as coverage. While design targets for eMBB may focus on spectrum efficiency and throughput enhancement. For eMBB small data, KPIs could be BLER and system capacity. 
In order to evaluate the benefit of NOMA in various use cases or scenarios such as URLLC, mMTC and eMBB, both link-level and system-level evaluations should be considered. The agreement in Rel-14 should be used as starting point as described in TR38.802. For mMTC, link level simulation may consider the impact due to channel estimation, performance impact due to collision of NOMA signature. System level simulations could focus on performance evaluation considering channel estimation error modeling, collision of NOMA signature, etc. Latency and reliability are the important KPIs for URLLC. For eMBB small data, evaluation may need to consider appropriate traffic model.
As described previously, different NOMA schemes have different characteristics. Some NOMA schemes can provide low receiver complexity solution. Low decoding and detection complexity could lead to low latency. Some NOMA schemes can provide high performance at the cost of high complexity. Some NOMA schemes can support high overloading factor while other NOMA schemes cannot support very high overloading factor. High overloading factor could result in large number of connections. Some NOMA schemes can provide better coverage while other NOMA schemes are more subject to coverage issue. Some NOMA schemes can offer higher spectrum efficiency and throughput while other NOMA scheme cannot offer the same or similar spectrum efficiency and throughput. 
In addition, some NOMA schemes may be more robust in certain environment or requirement while other NOMA schemes may work better in another environment or requirement. In order to ensure the efficiency of NOMA systems and operations, a NOMA scheme that can address different environments, conditions and requirements should be considered. For example, some NOMA schemes may be more robust in low signal quality region while other NOMA schemes may work better in high signal quality region.
NOMA operation may depend on receiver type or power difference. For example, some NOMA schemes may utilize SIC-type receiver while other NOMA schemes may utilize non-SIC-based receiver. In addition, power difference may also be utilized depending on the use of power domain NOMA.
Solutions of unified NOMA operation and system can be considered. For example, the following may be considered for unified NOMA solutions: 
· Single scheme NOMA operation: One way is to develop a single NOMA scheme which can cope with different use cases, scenarios, requirements, environment or signal quality regions. 

· Multi-scheme NOMA operation: Another way is to allow multiple NOMA schemes coexists and seamlessly integrate or configure the operation of multiple NOMA schemes in the system.

A unified NOMA solution may comprise of single NOMA scheme or multiple NOMA schemes or sub-schemes in which a single NOMA scheme or each NOMA scheme/sub-scheme may be used to handle a particular environment, requirement, scenario or condition. 
Proposal 1: The possibility of a common NOMA scheme or solution should be investigated first for all evaluation scenarios or use cases (e.g., URLLC, mMTC, eMBB).
Proposal 2: The possibility of multiple NOMA schemes should also be studied. Each NOMA scheme can be selected and optimized for a given evaluation scenario or use case.

NOMA Resource Considerations
In order to enable NOMA operations either with single or multiple NOMA schemes and seamlessly integrate the operations of NOMA in the system, UE may be configured or indicated for the resource such as resource location(s), resource type(s) and association between resources and types for the configured NOMA operations.
UE may be indicated the dedicated resources or resource pool for NOMA operations. UE may perform autonomous selection for the resource or resource type. UE may be configured or indicated for the resource settings for NOMA such as single resource, a set of resources of the same NOMA type, a set of resources of multiple NOMA types, etc.
In single resource case, all UEs may perform the NOMA including selection of the NOMA signatures and data transmission in the single resource. This may be used for single NOMA system.
In case of a set of resources, all UEs may perform the NOMA including selection of the NOMA signatures and data transmission in the set of resources but each UE may select a resource from this resource set. Resources in the set of resources may have the same type. This may be used for either single NOMA or multi-NOMA system.
In case of a set of resources of multiple NOMA types, all UEs may perform the NOMA including selection of the NOMA signatures and data transmission in the set of resources but each UE may select a resource from the resource set. Resources in the set of resources may have different types. This may be used for multi-NOMA system.
Different type NOMA resources may be exclusive and non-overlapped from each other. NOMA resource type may be associated with the NOMA scheme. Different type NOMA resources may be associated with or configured for different NOMA schemes. 
In addition, NOMA resource type may be defined or associated with signal quality such as SNR, receiver type, size of codeword and overloading factor. NOMA resource type may also depend on the user case, scenario, service or traffic type (e.g., eMBB, URLLC, mMTC).
NOMA resource may be associated with SNR. For example, as shown in Figure 1, some resource(s) may be associated with SNR1 and some resource(s) may be associated with SNR2. Different resource types may enable more efficient NOMA operations.  
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Proposal 3: Different resources or resource types can be used to enable NOMA operations.

Conclusions
In this contribution, we discussed operations related to NOMA. We have the following proposals:
Proposal 1: The possibility of a common NOMA scheme or solution should be investigated first for all evaluation scenarios or use cases (e.g., URLLC, mMTC, eMBB).
Proposal 2: The possibility of multiple NOMA schemes should also be studied. Each NOMA scheme can be selected and optimized for a given evaluation scenario or use case.
Proposal 3: Different resources or resource types can be used to enable NOMA operations.
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