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1. Introduction
NOMA has been discussed since early NR SI phase, around 15 features were proposed and several MA signatures are identified in RAN1 #86b. mMTC is considered as a targeted use scenario. 
# 86b
Agreement: NR should target to support UL non-orthogonal multiple access, in addition to the orthogonal approach, targeting at least for mMTC
Proposal:
•        In the UL LLS evaluation of non-orthogonal multiple access for mMTC, it is recommended to consider at least the following
•        MA signature (e.g., code, codebook, sequence, interleaver, etc) collision
•        FFS Channel correlation between UEs
•        FFS detailed channel correlation model
In last meeting RAN1 #92, some LLS simulation parameter and metrics are agreed. 
# 92
Agreements:
·        Adopt the following table as the metrics for NOMA study from link level point of view.
o   More metrics may be added in the future
	Performance metrics
	BLER vs. per UE SNR at a given pair of {per UE SE, # of UEs} 
Sum throughput v.s. SNR at given BLER level, for a given pair of {per UE SE, # of UEs}
MCL

	Implementation related metrics
	PAPR/cubic metric
Rx complexity and processing latency
FFS:  Configuration/Scheduling flexibility



The goal for the current step would be to decide the LLS parameters and metrics as soon as possible and then narrow down the number of candidates based on the LLS performance. In this contribution, we provide our view on NOMA feature categorization and issues related to NOMA feature selection. 


2. Discussion
2.1 Categorization
During the meeting #85 to #86b, companies proposed many ways to categorize these NOMA schemes [1-3]. Features such as long-sequence, short-sequence, bit level, symbol level, sparse, non-sparse, coding, spreading, and interleaving have been discussed. To achieve the consensus, an email discussion thread was created for collecting opinions and perspectives from companies [4]. However, the #86b final minutes only captured the basic block diagram for common features [5]. Apparently, there is not a universally accepted way of categorizing these NOMA schemes yet. In our opinion, at least for the current discussion stage, there is no need to achieve a consensus on a specific categorization of NOMA features for the down-selection purpose. Further actions can be taken after the LLS results come out. However, it’s helpful for understanding the correlation among these features by a proper categorization.
According to our perspective, all NOMA features are based on spreading signals onto a larger and shared resource grid in bit and symbol level, and in frequency, time, and code domain. Bit and symbol level signal processing such as spreading, repetition, scrambling, sparse resource mapping, and FEC coding are often used in NOMA, which spread multiple replicas of the original signals on physical resources. In this document, we provide our categorization as shown in Figure 1. According to the status of the signal while the signal processing takes place, we generally classify all previously discussed NOMA features into two categories, namely bit and symbol based processing. Of course, some features may include both processing methods. Nevertheless, we made our classification based on the key feature that decides and forms the distinct signatures from the descriptions in the original tdocs.
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Figure 1.  NOMA feature categorization

The first category is symbol based processing, this category can be further separated to two branches Low Density Signature (LDS) and full-length processing. LDS technique is originated from synchronous Code Division Multiple Access (CDMA) to against near-far effect. PDMA is the one feature that only applying LDS in this discussion by sparse Resource Element (RE) mapping. Other features in this branch that based on LDS but further apply other methods are SCMA, IGMA, and LDS-SVE, where constellation codebook, bit level interleaving, and symbol level signal transform matrix are applied to form distinct signatures, respectively. Other than exploiting the sparse type of RE mapping, another branch utilizes the full length of RE. NCMA and NCOA apply symbol based spreading sequence directly. The difference between them is the spreading sequence they applied, one uses the codebook derived by minimizing the chordal distance and another uses the sequence used to generate LTE reference signal. RSMA, RDMA, and GOCA first generate repeated symbol blocks to occupy the full resource grid and then followed by a scrambling mask or structure alternation as its unique signature.
The second category is bit based processing. Similar to symbol level processing, methods such as spreading, interleaving, and repetition can also be applied to the bit level. Two branches are identified here. A major branch in this category is started with LCRS, which applies the existing processing block, FEC, but go with much lower coding rate as its signature. LSSA and IDMA are also identified to this branch, setting LCRS as the keynote, and further applying bit level spreading and symbol level repetition code, respectively. Lastly, MUSA is the one that proposed to use bit spreading sequence as NOMA signature. To be noted, because LSSA also applies bit spreading, we can also put LSSA after MUSA. 
To be noted, although we categorized these features into bit and symbol level processing, the difference between them is actually small. Most of the symbol processing can be achieved in bit level, and probably also need to use low-rate FEC to achieve the design goal. At least from the transmitter design or implementation complexity, the borderline among these features is hard to define.

2.2 On considering feature selection 
In our opinion, the final SPEC probably might not be sealed with a specific NOMA feature, instead, it might be captured as a NOMA resource ID for initial sequence generation and codebook selection, namely a corresponding MCS. In this case, gNB should be able to configure UE to transmit signal by using a single or hybrid NOMA feature. Since MCS for NOMA may consist of multiple signal processing methods, the performance of each method should be verified first, then considering features with hybrid signatures. 
Proposal 1: A flexible NOMA transmitter is desired to support mMTC, eMBB, and URLLC.
According to the categorization figure we provided, four major signal spreading methods are identified as LDS, full-length symbol spreading, LCRS, and bit spreading. Our first suggestion is to compare features with a single signature within the same category. For example, PDMA, LCRS, and MUSA are the only one feature with a single signature in the LDS, LCRS, and bit spreading category. So, the comparison by using different codebook set, coding scheme, and spreading sequence should be investigated. The second category, full-length symbol spreading, is more complicated that several features are provided by companies. However, each feature can be considered as a symbol spreading method. Therefore, RSMA, GOCA, NCMA, and NCOA should be compared first. To be noted that LDS-SVE feature also includes symbol based spreading method, SVE. The SVE transform method may compare with other features within the second category solely without LDS. 
Proposal 2: Evaluate and compare NOMA features with single spreading ingredient first.
LDS: PDMA
Full-length symbol spreading: RSMA, GOCA, NCMA, NCOA, (LDS-SVE without LDS)
LCRS: LCRS
Bit spreading: MUSA

2.3 On considering PAPR
PAPR is a major issue in LTE while using OFDM as a generic modulation waveform. Therefore, SC-FDMA (DFT-s-OFDM) was then introduced as a solution. In meeting #92 NOMA SI, PAPR/cubic metric has been agreed as an implementation metric, and both CP-OFDM and DFT-s-OFDM waveform have been agreed for mMTC LLS, and CP-OFDM for URLLC and eMBB as a start point.
Agreements:
· Adopt the parameters in the following table for link-level evaluations of NOMA study
	Parameters
	mMTC
	URLLC
	eMBB

	Carrier Frequency
	700 MHz
	700 MHz or 4 GHz
	4 GHz, 700 MHz as optional

	Waveform
(data part)
	CP-OFDM and DFT-s-OFDM
	CP-OFDM as starting point
	CP-OFDM as starting point



The concern of PAPR in DFT-s-OFDM regard to NOMA features is the resource mapping pattern.  According to the current LTE standards, the transmitter can use localized  resource mapping to prevent high PAPR. However, as shown in Figure 1, one category of NOMA features, LDS based, uses sparse resource mapping as a signature, which may lead to high PAPR.
Proposal 3: The PAPR of LDS based features needs for further investigation.

2.4 On multiple NOMA features coexistence and combination 
In the previous discussion, we already provided our view on the sequence of NOMA features comparison and the implementation metrics to be noticed. In the next stage, while LLS comparison comes out, some features might be preliminary precluded due to metrics achievability. There might be probably 5 to 10 features remained for further discussion. A possible problem we might face is that these remaining features have different feasibility on different use scenario, for example,  mMTC needs lower PAPR design and larger signature resource pool, eMBB needs to transmit larger transport block, and while the mean time URLLC requires low latency delay and low BLER. One solution to this dilemma is to use separated physical resources to guarantee the required performance, especially for URLLC. In this case, NR should be able to support multiple NOMA features.
Proposal 4: Consider multiple features to NOMA scheme regarding different use scenarios.
The other case might happen when multiplexing takes place among scenarios. If two scenarios with different feasible features are going to multiplex with each other, a feature for both scenarios should be determined, and then we encounter the dilemma again. Even if we determined a feature for current multiplexing settings, it limits the forward compatibility. A suggestion here is to study the mutual interference among NOMA features and try to combine them to become a hybrid feature. An additional advantage along with the combination is that the signature resource pool will be expanded accordingly.
Proposal 5: Companies should study the potential of combining multiple NOMA features under the consideration of the mutual interference within the signature resource pool.

3. Conclusions

Proposal 1: A flexible NOMA transmitter is desired to support mMTC, eMBB, and URLLC.
Proposal 2: Evaluate and compare NOMA features with single spreading ingredient first.
· LDS: PDMA
· Full-length symbol spreading: RSMA, GOCA, NCMA, NCOA, (LDS-SVE without LDS)
· LCRS: LCRS
· Bit spreading: MUSA
Proposal 3: The PAPR of LDS based features needs for further investigation.
Proposal 4: Consider multiple features to NOMA scheme regarding different use scenarios.
Proposal 5: Companies should study the potential of combining multiple NOMA features under the consideration of the mutual interference within the signature resource pool.
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