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1. Introduction
Per the guidance in RAN1#86 [1], email discussion has been carried out on the categorization for NR multiple access schemes. In this contribution, companies’ views are collected, followed by the proposal by considering the various views. 
2. Companies’ Views
	ZTE (initial proposal)
	· Category 1: short-sequence/code based 
- For example, SCMA, PDMA, MUSA, NCMA, NOCA, GOMA, IGMA, NOMA (code length = 1) 

· Category 2: long-sequence/code based 
- For example: RSMA, RDMA 

· Category 3: bit-level based 
- For example, IDMA, low code rate spreading

	InterDigital
	We believe that in principle there is no difference between low code rate and long-sequence code spreading mechanisms (Cat. 2 & 3). They both essentially describe a similar phenomenon that is to exploit the entire allocated bandwidth to maximize coding/SNR gain. Therefore, our proposal is to merge these two categories. 

On the other hand, since power-domain NOMA doesn’t really fit within these categories even though it can be combined with all other categories in a complementary manner, it’s worth to consider power domain based as an independent category by itself.


	ZTE (with 2nd version of the proposal)
	We like to reiterate that the categorization is to group various ways of applying MA signatures. Here the signatures refer primarily to sequences/codes/interleavers of the data channel, rather than preamble, DMRS, etc. Hopefully this would make the exercise cleaner. While the categories reflect transmitter side characteristics, it would be useful to take into account of receiver structure, since ultimately the receiver complexity would be the bottleneck of the real implementation. In this sense, it would be unwise to overly unify different groups just because they are mathematically equivalent at the transmitter. 

Note that some schemes are hybrid. We tentatively group them according to their primary character. The texts under the categories are explanations instead of the proposals. 

· Category 1: short-sequence/code spreading based

In this category, each data modulation symbol is spread by a short sequence or a code whose length is relatively short, e.g., less than 10. The spreading sequences/codes can have properties such as low cross-correlation, good inter-distance, low density, etc. This category can be further divided into two sub-categories: 

· Category 1a: low-correlation or good inter-distance sequence/code

This subcategory relies on low-correlation or good inter-distance property for effective successive interference cancellation (SIC), even when the received SNRs cross users are similar. The sequence/code collision issue can be mitigated by having a relatively large pool of candidates, although it is constrained by the blind detection complexity at the receiver. Typical schemes of this sub-category are: 

       - For example: MUSA, NCMA, NOCA, GOCA 

· Category 1b: low-density sequence/code 

Low density property is crucial to the complexity reduction of message passing algorithm (MPA), a parallel iterative processing over a bipartite graph. MPA is an ML detector and can differentiate users' signals when their received powers are comparable, as long as either no code collision, or the receiver has certain knowledge of the collision patterns before hand. The codes can be optimized to get certain "shaping" gain. However, such optimization in general would limit the number of candidate codes/sequences. The codes can also be optimized by adjusting the diversity order, to trade diversity with receiver complexity. Typical schemes of this sub-category are: 

     - For example: SCMA, PDMA 

· Category 2: long-sequence/code spreading or interleaver based

The key feature of this category is that its signatures have the least structure -- can be purely random, unconstrained by cross-correlation, inter-distance or low density, etc. Each signature is relatively long, up to the code-block length. In some cases, for example BPSK/QPSK and repetitions are used, long-sequence/code spreading and interleavering show mathematical equivalence at the transmitter. This category can be further divided into two sub-categories: 

· Category 2a: long-sequence/code spreading

In this subcategory, each data symbol is spread by a long sequence/code. The processing gain is high enough so that simple receivers such as Rake's can be used to differentiate users, as long as the number of shared users is not very high. Apparently, long spreading implies low effective code rate. Typical schemes of this sub-category are: 

    - For example: RSMA, RDMA 
· Category 2b: bit-level interleaver based

Unless operating at very low SNRs, elementary signal estimator (ESE), a parallel iterative multi-user detector, has to be used, since the interleaver itself cannot provide enough separation between different user's signals.   

   - For example: IDMA, IGMA, low code rate spreading 

· Category 3: direct superposition

In this category, users are not distinguished by either sequence, code or interleaver. Their signals are simply added up at the base station. There is no single typical receiver implementation in this category. The choice may depend on the near-far situation, etc. Typical scheme is: 

       - For example: NOMA
Regarding the categorization criteria for short and long-code/sequence, one is whether specific property is enforced for the code/sequence optimization: no for the long and yes for the short. 

When the spreading factor is large, the processing gain is so high that the requirement for cross correlation between sequences can be relaxed, i.e., sequences can be totally random. Consequently, very simple matched filter such as Rake receiver can be used. Simple receiver is crucial, also because the signature pool of long code/sequence is often very large, and its receiver needs to perform a large number of blind decoding for the detection. 

On the contrary, limited processing gain is seen for short code/sequence based approaches. The code/sequence has to be optimized, or carefully selected, to either reduce the cross correlation, or to enlarge the inter-distance between the codes, or to have low density property, ... , so that their detectors can perform reasonably well. Short code/sequence usually requires more advanced receivers, for example MMSE-SIC, MPA, etc., so that they can operate at medium to high overload. The overall receiver complexity may not be very high, since the signature pool is relatively smaller than that of long code/sequence schemes. 

We like to point out the overload and extreme coverage are not mutually exclusive. When a system operates at very low SNR, for example, when most UEs are of extreme coverage, it is still possible to achieve high overload, i.e., a large number of UEs share the same set of physical resources. But that often requires advanced receiver.


	Samsung
	We have similar view as Interdigital’s comment that there is no substantial difference between low coding rate, repetition and sequence spreading for pursuing coding/SNR gain in a given bandwidth. Likewise, I do not see difference to short code-sequence based MA signatures and long code-sequence based MA signatures from that perspective either. 

Regarding your proposed categories, could you clarify what are short sequence spreading and long sequence spreading? Based on what criteria, one may differentiate "long spreading" and "short spreading"? Are you saying actually different spreading lengths? In my view, regardless of which mechanisms for spreading (direct lower coding rate, repetition, spreading code/sequence etc.), as long as they result in same TBS for a given modulation order, the effective spreading lengths are same, isn't? Or you probably mean the length of MA signature rather than spreading length (but I am not sure as you also mentioned long spreading results in low coding rate in category 2). If so, then how the categorization per MA signature length can help us to do the comparative study? The length of MA signature is not so concerned technically, from our perspective, and it is preferred to consider the main-categories based on impacting factors of practical usage & performance of NoMA. 

I agree with you that low correlation, full or partial resource occupying (low density spreading), and receiver type can be impacting factors, which can be considered as categorization criteria. But one thing to clarify is that multiple receiver types can be used for a certain scheme, e.g. there is no technical constraint for any scheme to use SIC. So it is not so suitable to use receiver type as the feature of a certain category. 

Apparently, we need the clarification on the main purpose and criteria of categorization first.


	Fujitsu
	To make a clarification, our MA method of LDS-SVE falls into the category of low-density sequence/code.

	MediaTek
	RDMA use interleaver with cyclic shift. So it belongs to 2b if the title can be changed to “bit level/symbol level interleaver based”. 

GOCA use both short sequence spreading and scrambling. I am not sure if we can keep GOCA’s name in both 1a and 2a. 

 Maybe we can change the name of 2 and 2a from long sequence spreading/code to scrambling based. Because the spreading factor could be the same for short sequence/code spreading and “long sequence/code spreading” 
  
In additional, we think the categorization of MA schemes is based on the main component/method to provide non-orthogonal signature. And some of the component/method can be used together, e.g., GOCA benefit from both short sequence spreading and scrambling. We may need to notice this observation. 
It is appreciated if the name of category 2b can be changed to “bit-level/Symbol-level interleaver” so that RDMA can better fill in.


	ZTE (with the 3rd version of the proposal)
	Given that there are a number of schemes having hybrid characteristics, it may be more useful to categorize the MA signatures and identify the key ingredients. The MA signatures here are for data channels, instead of preambles, DMRS, etc. Below is the modified wording: 

· Category 1 signatures: short spreading code or sequence

In this category of signature, a short sequence or a code is applied to each data modulation symbol. The sequence/code length is relatively short, e.g., less than 10. The spreading sequences/codes can have properties such as low cross-correlation, good inter-distance, low density, etc. This category can be further divided into two sub-categories: 

· Category 1a signatures: low-correlation or good inter-distance sequence/code 
Code/sequences of this subcategory have low-correlation or good inter-distance property for effective successive interference cancellation (SIC), even when the received SNRs cross users are similar. The sequence/code collision issue can be mitigated by having a relatively large pool of candidates, although it is constrained by the blind detection complexity at the receiver. 
· Category 1b signatures: low-density sequence/code 
Low density property is crucial to the complexity reduction of message passing algorithm (MPA), a parallel iterative processing over a bipartite graph. MPA is an ML detector and can differentiate users' signals when their received powers are comparable, as long as either without code collision, or the receiver has certain knowledge of the collision patterns before-hand. The codes can be optimized to exploit certain "shaping" gain. Such optimization in general would limit the number of candidate codes/sequences. The codes can also be optimized by adjusting the diversity order, to trade diversity with receiver complexity.  

· Category 2 signatures: long-sequence scrambling/interleaver

MA signatures in this category have the least structure -- can be purely random, without the constraint on cross-correlation, inter-distance or low density, etc. Each signature is relatively long, up to the code-block length. In some cases, for example BPSK/QPSK and repetitions are used, long-sequence/code spreading and interleavering show mathematical equivalence at the transmitter. This category can be further divided into two sub-categories: 
· Category 2a signatures: long-sequence scrambling 

In this subcategory, a long sequence is used to spread or scramble the modulation symbol(s). The processing gain is high enough so that simple receivers such as Rake's can be used to differentiate users, as long as the number of shared users is not very high. Long spreading implies low effective code rate. 
·  Category 2b signatures: bit-level interleaver 
Elementary signal estimator (ESE) is often used which is a parallel iterative multi-user detector.   


The above categories of MA signatures can be used in single or combined to form various grant-free transmission schemes. For example, 

MUSA: Cat. 1a 
NCMA: Cat. 1a 
NOCA: Cat. 1a 
GOCA: Cat. 1a + Cat. 2b 
SCMA: Cat. 1b 
PDMA: Cat. 1b 
RSMA: Cat. 2a 
RDMA: Cat. 2b 
IDMA: Cat. 2b 
IGMA: Cat. 2b + Cat. 1b 
LDS-SVE: Cat. 1b 


	Huawei
	We feel more discussion may be needed to discuss the principles of categorization and how the MA group are going to proceed with the potential categorization before we dive into some detailed debating of technical difference.
In our view, the categorization is expected to help understand the non-orthogonal MA fundamentals, find the common features/implementations/operations, and to help harmonize the difference between different schemes. From this point of view, we do not see enough benefit of the current categorization. 
From technical aspect, there are also some concerns. For instance, we share the same feeling as Samsung and InterDigital that it is hard to define what is long/short. With long spreading factor or some mature randomization techniques applied, the short code can be made very long too. Moreover, within the current category 1, low density and low correlation are not fundamental difference between MA signatures, i.e., low density signatures can also be made low correlation. While in the current category 2, the scrambler can also be done in bit-level too, as current LTE. 

Given the above, a common operational framework may be useful, and corresponding categorization can be drawn. The original way that ZTE provided has some constructive consideration on this, i.e. whether it is bit-level based. This aspect in our view can help figure out the implementation/operational difference/commonality among most proposed MA schemes. On top of this, consideration of mainly applied scenarios of the schemes can be added for high level categorization, to help understand the target of each scheme and proceed future study of MA. An example is given below. The unified framework constructed by basic components that are shared by all MA scheme is also introduced in our contribution (R1-1608852), as you can briefly see from the figure. 

· Category 1: Non-orthogonal MA mainly targeting for connection efficiency enhancement

· Category 1A: Symbol-level code/sequence/pattern spreading/scrambling

· Category 1B: Bit-level low code rate multiplexing/scrambling/interleaving

· Category 2: Non-orthogonal MA mainly targeting for coverage extension
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 In short, our view is that detailed way of categorization can be FFS before common understanding of the principles of categorization and how the MA groups are going to proceed with the potential categorization can be agreed among all companies. Unified framework to capture the common features and harmonize the potential difference of different MA schemes may be more beneficial to the convergence of NR MA study


	Intel
	As we can see from the comments in this thread so far and in company contributions, there is clearly lack of convergence towards a common categorization framework. Going with a particular categorization and dividing the currently proposed schemes in different categories doesn’t seem to be of much help – primarily because many of components in various schemes may be combined – and thus, a scheme can belong to multiple categories, or alternatively, new schemes can be developed by combining multiple component techniques. 

 Regarding the apparent benefit in helping us understand the various details of the proposed schemes, I think the process is actually working in the opposite direction – since we first need a proper understanding of the component techniques for each proposed scheme to even be able to categorize them. Further, any comparisons in terms of achievable performance should be made for specific NOMA schemes or combination of schemes, and in this regard, separating them into certain buckets doesn’t seem very helpful either. 

Thus, even after the subsequent emails in this thread, we would still like to echo the original comment from Samsung that the exact goals and criteria for any categorization needs further elaboration. 

 Additionally, to the proposed categorization from Huawei, unfortunately, we don’t agree with the categorization based on NOMA schemes for connection density and for coverage enhancement, respectively. In our understanding, all NOMA schemes (and the very reason we are studying this topic) are proposed targeting the support of increased number of connections and realization of statistical multiplexing gains. In contrast, I don’t think anyone would propose NOMA transmissions to unilaterally support coverage enhancements! 

Certainly, some schemes may be more flexible than others in support of UEs requiring coverage enhancement, but we don’t think this is a characteristic fundamental enough to categorize the NOMA schemes. 

Given that we are aiming to summarize the studies so far at this meeting, we can perhaps just list the candidate schemes proposed so far and leave it at that. The corresponding performance results based on LLS and SLS will be captured as well following Huawei’s efforts



3. Conclusions

Based on the views expressed by companies, we have the following proposal.
Proposal 1: To list several types of MA signatures for UL data transmission, rather than to categorize the grant-free transmission schemes.
Proposal 2: MA signatures for grant-free UL data transmission can have the following types:
Type 1: short spreading sequence/code with more pronounced structure
Type 2: long scrambling sequence/interleaver/low rate code
FFS other types

Note: one or multiple types of MA signatures can be used for each grant-free transmission scheme.
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