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Introduction
In RAN1 #85 Meeting [1], the categorization of non-orthogonal multiple access schemes was extensively discussed but no agreement was made [2]. In this contribution, we provide our views on this subject and discuss the benefits of the presented approach to get a better understanding of the technical merits of each category.
Discussion 
In general there are different ways to categorize the non-orthogonal multiple access (MA) schemes. In the most simplistic approach, one could categorize the MA schemes based on the user separation techniques (e.g., Codebook, scrambling, interleaving, power domain, etc.). Another approach is to group the schemes based on the transceiver structure [3]. From our point of view, at a very high level, the proposed non-orthogonal MA candidates can be categorized under two main clusters; 1) Non-spreading and 2) Spreading. Based on this categorization, some of the MA candidates no longer need to compete with each other, but can be used in a complementary manner.

· Category 1: Non-spreading based multiple access 
We believe power-domain NOMA belongs to this category of MA schemes given that the technique doesn’t involve any signal bandwidth expansion. Similar to the conventional SDMA scheme where users share time and frequency resources while spatial domain is used for user separation, power-domain NOMA in its simplest form can be regarded as a MA scheme where users are multiplexed in power domain, while sharing time and frequency resources in the same spatial layer.  
The key benefit of considering power domain multiplexing for UL is to equip the scheduler with an additional degree of freedom (domain) for user multiplexing in scenarios where SINR difference among users can be exploited. Given that power domain NOMA relies on the allocation of different power levels to different users according to their channel conditions, the scheme has minimal standardization impact and can be easily realized by defining the relevant power control mechanism. In this sense, UL power domain NOMA can be designed such that the operation of the eNB is transparent to the UE (i.e., information on co-scheduled UEs doesn’t need to be provided). Among other benefits of transparent UL power-domain NOMA is scheduling flexibility and lower control signalling overhead similar to transparent MU-MIMO feature in LTE. 
The application of power domain NOMA to the contention based access usage scenario, as discussed in [4], is challenging due to the need for power control and accurate timing acquisition. Besides, multiplexing large number of users is not easy with power domain NOMA.

· Category 2: Spreading based multiple access
Any MA scheme which achieves spreading gain at the cost of increased signal bandwidth belongs to the spreading based multiple access category. From theoretical point of view, the optimal form of spreading can be realized when the entire bandwidth expansion is devoted to channel coding (i.e., utilizing very low rate codes). However, in practice, a combination of low rate codes and repetition coding is used at the expense of some performance loss.
In turn, depending on the length of spreading code, spreading-based MA schemes can be further partitioned into two families, 2a) long spreading code and 2b) short spreading code. 


· Category 2a: Long Spreading Code based multiple access
Among this sub-category of MA schemes, RSMA and IDMA are the most notable candidates. One key feature of this sub-category of MA schemes is that the spreading codes/interleavers are generated independently and randomly. The main functionality of the spreading codes/interleavers is to disperse the encoded bit sequences so that the adjacent bits are approximately uncorrelated. This, in turn, facilitates multi-user detection at the receiver. One main characteristic of this sub-category of MA schemes that sets them apart from other schemes is their ability to support asynchronous transmissions when combined with a single carrier waveform. Asynchronous multiple user transmission is a key functionality for NR in order to support contention based access while maintaining low signaling overhead.
Proposal 1: The non-orthogonal MA scheme for NR should support asynchronous multiple user transmission 

· Category 2b: Short Spreading Code based multiple access
The majority of the proposed MA candidates which mainly rely on specific code structure/mapping/pattern belong to this sub-category of MA schemes. Our understanding is that SCMA, MUSA, PDMA, LDS, NCMA, NOCA, LSSA are examples of this sub-category. The main design criterion for all of these schemes is to specifically tailor-design the code/pattern structure such that joint detection at the receiver can be performed in a more optimized manner. The main drawbacks of this approach are lack of scalability and high standardization effort.
Based on above analysis, we believe it is beneficial to combine any candidate MA scheme based on spreading with power domain NOMA given that there is no signal bandwith expansion associated with the later scheme. However, the design approach should mainly target transparent power domain NOMA for UL transmissions for future compatibility. 
Proposal 2: Power-domain NOMA can be combined with a spreading-based non orthogonal multiple access scheme for UL transmissions for NR in a complementary manner.
Proposal 3: Power-domain NOMA in UL should be as transparent as possible to the UE.
Summary
In this contribution, we provided a categorization for non-orthogonal MA candidates and made the following proposlas:
Proposal 1: The non-orthogonal MA scheme for NR should support asynchronous multiple user transmission 
Proposal 2: Power-domain NOMA can be combined with a spreading-based non orthogonal multiple access scheme for UL transmissions for NR in a complementary manner.
Proposal 3: Power-domain NOMA in UL should be as transparent as possible to the UE.
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