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1 Introduction
At the RAN1 #85 meeting, evaluation assumptions for NR MA for mMTC and eMBB use cases were agreed for both SLS and LLS evaluations. Further, it was agreed that [1]:
· Autonomous/grant-free/contention based UL non-orthogonal multiple access has the following characteristics

· A transmission from UE does not need the dynamic and explicit scheduling grant from eNB

· Multiple UEs can share the same time and frequency resources

· For autonomous/grant-free/contention based UL non-orthogonal multiple access, the following should be studied

· Collision of  time/frequency resources from different UEs, solutions potentially including 

· E.g., code, sequence, interleaver pattern

· UL synchronization (DL synchronization assumed)

· Case 1: Timing offsets between UEs are within a cyclic prefix

· Case 2: Timing offsets between UEs can be greater than a cyclic prefix, FFS the exact model of timing offsets 

· Requirement for power control

· Case 1: Perfect open-loop power control, i.e., equal average SNR between UEs for potentially link level calibration
· Case 2: Realistic open-loop power control with certain alpha and P0 values
· Case 3: Close-loop power control

· Receiver impact
Further, regarding the support of orthogonal, scheduled transmissions/reception, the following was agreed [1]:
· NR supports at least synchronous/scheduling-based orthogonal multiple access for DL/UL transmission schemes, at least targeting for eMBB
· Note: Synchronous means that timing offset between UEs is within cyclic prefix by e.g. timing alignment
At the RAN1 #84bis meeting, the following observations on NOMA schemes was agreed [2]:

Observations:

· Examples non-orthogonal schemes include (but not limited to):

· For UL, Multi-user shared access (MUSA) (e.g., R1-162226)

· Resource spread multiple access (RSMA) (e.g., R1-163510)

· Sparse code multiple access (SCMA) (e.g., R1-162153)

· Pattern defined multiple access (PDMA) (e.g., R1-163383)

· Non-orthogonal coded multiple access (NCMA) (e.g., R1-162517)

· Low code rate spreading (e.g., R1-162385)

· Frequency domain spreading (e.g., R1-162385)

· Non-orthogonal multiple access (NOMA) (e.g., R1-163111)

At the last RAN1 meeting, there were certain efforts towards categorizing the numerous schemes that we unfortunately, not agreeable to all. In this contribution, we share our views on the possible categorization approaches for UL NOMA schemes and discuss some of the advantages and drawbacks of some of the schemes. Certain considerations on the spreading schemes are also discussed considering the primary use case of mMTC. Link-level evaluation results for some of the spreading schemes and receiver types are presented in our companion contribution [3]. 
2 Categorization of UL NOMA schemes
It is necessary to be able to categorize the currently proposed set of UL NOMA schemes for various reasons. Primarily, appropriate categorization of the different schemes can help bring forth the key characteristics and similarities between apparently dissimilar schemes. This can definitely improve the understanding within RAN1 of different proposals and thereby, accelerate progress. At the same time, proper categorization of the schemes can provide further insights into the respective strengths and weaknesses from different perspectives (e.g., receiver complexity, scalability, robustness, coverage, etc.). Finally, as part of the categorization exercise, it is essential to be able to dissect the different schemes to their core characteristics, and this may facilitate the development of possible synergy between desirable attributes of individual designs and considerations.
Accordingly, in this section, we present our views on the possible categorization approaches for the NOMA schemes proposed so far. 

Categorization based on spreading density
· “Full-length spreading” (UEs transmit on full set of resources)
· “Sparse spreading” (Low Density Signature-based spreading)
Further, under each of the above categories, schemes can be segregated based on spreading schemes
· Sequence-based non-orthogonal spreading
· Low code rate spreading
· Combinations of the two
Categorization based on spreading density
According to this approach, the schemes are categorized based on whether the UEs transmit on the entire set of available resources or using a sparse set of resources. Thus, for each case, we make the following observations:

· “Full-length spreading”: UEs transmit on full set of resource
· Interference level similar on all the resources (subject to channel selectivity in time/frequency).
· Both sequence-based spreading and low code rate spreading possible.
· “Sparse spreading”: Low Density Signature-based spreading
· The actual spreading factor (SF) for a particular user is smaller a than the total resources the transmissions are spread over.
· Targeting overloaded conditions, exploits Low density signature (LDS)-based spreading to realize different interfering signals on different sets of resources.
· Facilitates close-to-optimal MUD receiver implementation based on MPA-based iterative receivers.
· However, overall receiver complexity is still significantly high.
·  Both sequence-based spreading and low code rate spreading possible.
The resource mappings for these two categorizations are illustrated in Figure 1.
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Figure 1. Illustration of the two broad categories of UL NOMA schemes based on spreading density 

(Both showing an overloading factor of 150%)
Based on this approach, we summarize the different schemes in Table 1 below.
Table 1. Categorization of UL NOMA schemes based on spreading density

	
	“Full-length spreading” 
	“Sparse spreading”

	Sequence-based non-orthogonal spreading
	MUSA, NCMA, NOCA
	SCMA, PDMA

	Low code rate spreading
	RSMA, IDMA
	IGMA

	Low code rate + non-orthogonal spreading
	NCMA with low code rate spreading, LSSA
	Low code rate + LDS-based spreading


For LDS-spreading in frequency domain, it would not be possible to support single-carrier property of the UL waveform – this should be considered in the light of the importance of power efficient operations for UEs in coverage-limited scenarios. Additionally, sparse spreading leads to different interference levels on different resources, and thus, the impact of inaccurate UE identification (e.g., for grant-less UL NOMA transmissions) and inaccurate interference level estimation on different resources should be analyzed.

Categorization based on spreading approach: short sequence-based and low code rate based
As mentioned above, further categorization is also possible based on the spreading approach: based on non-orthogonal (or quasi-orthogonal) spreading sequences or based on low code rate spreading.
Sequence-based non-orthogonal spreading

· Symbols are spread using binary or M-ary sequences.
· Symbols may be QAM symbols or directly mapped from information bits (e.g., SCMA employing multi-dimensional constellation points).
· The spreading sequences are UE-specific and correspond to the UE’s “signature”.
Low code rate spreading

· The “spreading” is realized by employing a low rate code to encode the information bits.
· Aims to exploit coding gains beyond repetitions.
· UE-specific scrambling (RSMA) or interleaving (IDMA) can be applied further.
· Need to consider MPA-based receiver structure to distinguish UEs based on UE-specific interleavers.
· Can be combined with signature-based non-orthogonal spreading schemes.
3 Considerations on spreading options
For some of the sequence-based schemes proposed so far, certain fixed code-books are suggested – the scalability properties of such codebooks need to be investigated since it is essential for the UL NOMA schemes to be able to scale freely over a sufficiently wide range of overloading factors. 

On the other hand, low code rate-based spreading possesses the following characteristics:
· Low code rate spreading is the optimal spreading approach due to better coding gains 

· UL NOMA schemes based on low code rate spreading can exploit the benefits of long/pseudorandom code structures
· Can be supported with simplified receivers based on MF or MMSE
· For low SNR regime of operation, spreading based on low code rates can be expected to provide 
· Easier scalability and support of a wider range of MCS/rates
· Can address NOMA transmissions from UEs requiring different amounts of coverage enhancements
· More robust to partial overlaps between transmissions
· Low code rate spreading option can be augmented with sequence-based spreading (orthogonal/quasi-orthogonal/non-orthogonal)
In case low code rate spreading scheme is combined with sequence-based spreading, as illustrated via the evaluation results in [3], it is imperative to maximally harvest the coding gains from the channel coding scheme. 
Another important consideration is the support of partially overlapped transmissions – either in frequency or time domain. For instance, in time domain it would be beneficial to support UEs with different number of time domain repetitions on partially overlapped resources. To achieve this, the spreading should ensure low cross-correlation between sequences of different lengths. Codebooks with sequences with nested property may be beneficial in this context.
Yet another consideration arising from the target use case of mMTC application is whether to apply only frequency domain spreading or primarily time domain spreading or a combination of both. Narrowband transmissions can be beneficial for mMTC devices if they support reduced BW towards enabling low device cost/complexity and power consumption, and at the same time support larger user capacity via FDM-based multiplexing within a larger system BW to meet latency requirements. 
4 Conclusion
In this contribution we shared our views on the possible categorization approaches for UL NOMA schemes including some of the advantages and drawbacks of some of the schemes. Further, certain considerations on the spreading schemes were discussed considering the primary use case of mMTC. Based on the discussions presented, we make the following proposals:
Proposal 1

· To facilitate further studies, consider a categorization of UL NOMA schemes based on spreading density as summarized in Table 1.
Proposal 2
· Agree on low code rate based spreading as a baseline spreading scheme with possible augmentation by short-sequence-based spreading.
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