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Background
It has been agreed in RAN1#93 meeting that transmitter side data processing for NOMA can be based on one or more of the following aspects [1]:
· UE -specific bit-level scrambling
· UE -specific bit-level interleaving
· UE -specific symbol-level spreading
· Can be with NR legacy modulation or modified modulation
· UE -specific symbol-level scrambling 
· UE -specific symbol-level interleaving, with symbol-level zero padding
· UE -specific power assignment
· UE-specific sparse RE mapping
· Cell-specific MA signature 
· Multi-branch/MA signature transmission (irrespective of rank) per UE 
In this contribution, we provide analysis on the different design aspects and the potential impacts on the specifications based on the NOMA schemes proposed so far. Preliminary considerations on the harmonization of different design aspects are illustrated.
Considerations on the harmonization of transmitter side processing of NOMA
Regardless of Preamble/RS, DFT-s-OFDM and multi-layer designs which usually do not include UE-specific design, all the schemes can be summarized as having the general structure as shown in Figure 1, where the three blocks with thicker boxes may potentially be different from the current NR design and involve some of the UE-specific designs of MA signature.
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[bookmark: _Ref2664]Figure 1 Key modules of transmitter side for non-orthogonal multiple access schemes
1) MA signature design and spec. impact on the bit level processing
As captured in the previous agreement, either interleaving or scrambling can be adopted in the bit-level processing to randomize the inter-user interferences. It should be noticed that UE-specific scrambling is already captured in the current NR spec., there will be no spec impact if the same scrambling sequence is adopted. While for the bit-level interleaving, an MA signature with UE-specific interleaving pattern should be introduced in addition to the current NR design.
It has been shown in several contributions that there is no significant performance different between bit interleaving or scrambling. However, the bit-interleaving based scheme may have some drawbacks on the processing latency at the receiver, and more memory space is required since all the information bits needs to be stored before interleaving/de-interleaving.
Proposal 1: Bit-level scrambling with minor impact on specification should be prioritized for NOMA study.
2) MA signature design and spec. impact on the symbol level processing
1. Symbol level spreading with legacy modulation
Many of the NOMA schemes use low cross-correlation spreading sequences (including full spreading and sparse spreading) as the MA signature, in order to reduce the inter-user interferences at symbol-level. Different from the joint modulation and spreading design, legacy modulator is used for these schemes. Additional module(s) with the following MA signature design is needed for the symbol-level processing. 
The design target of spreading sequence is to lower the inter-user interferences by using low cross-correlation or low density property among sequences. Some typical sequences proposed by companies are QAM-based sequences, WBE/GWBE/Grassmannian sequences, Z-C like sequences, chirp sequences, and sparse sequences.
Further study on the design principle for the spreading sequences should be prioritized in the NOMA SI. Usually there is no need to down-select the sequence candidates for symbol level spreading schemes in SI. Such job can be done in WI stage.
Proposal 2: Symbol-level spreading with legacy modulation should be prioritized for NOMA study. 
Proposal 3: FFS the necessity of introducing bit-level interleaving for NOMA.
2. Symbol level spreading with modified modulation
Modulator in Rel.15 NR can be reused except for using joint modulation and spreading codebook as the MA signature. 
For joint modulation and spreading, there is only one-step processing from the coded bits to multiple symbols with different constellations. Such joint design of modulation and spreading can reduce the inter-user interferences by symbol-level spreading, and at the same time pursue the shaping gain by using multi-dimensional modulation constellations.
The design of the joint modulation can be quite diverse, [2] gave some examples of the look up tables for bit-to-symbol mapping. However, so far it is not clear about the theoretical principle of this joint design is, e.g. how to optimize the bit-to-symbol mapping rule or how to formulate the output constellation (regular or non-regular).
It can be found in Section 3 that some of the multi-dimensional modulation can be fulfilled by symbol-level spreading with multi-layer transmission. This is intuitive since multi-layer is another way to achieve certain “shaping” by linear superposition of lower order legacy modulation constellation points.
Due to the significant spec. impact, modified modulation may be considered as further enhancement for NOMA in later releases.
Proposal 4: FFS the necessity of introducing modified modulation for NOMA.
3. symbol level scrambling
Symbol level scrambling can be applied on top of symbol repetition or spreading. The function of scrambling would be to reduce the PAPR and the inter-cell interferences. UE-specific scrambling may have complicated effect when combined with symbol level spreading. In this sense, cell-specific scrambling is more desirable. 
Proposal 5: Cell-specific scrambling can be considered on top of symbol-level spreading.
4. symbol level interleaving with zero-padding
Another symbol-level design aspect is interleaving with zero-padding. Low inter-user interference is achieved by the introduction of sparsity and further interference randomization can be exploited by interleaving. Compared with the full-length symbol-level spreading, PAPR reduction can be achieved due to zero padding. 
However, as far as we are concerned, symbol-level sparse spreading could have the same effect as symbol-level interleaving with zero-padding or UE-specific sparse RE mapping. Companies propose the UE-specific sparse RE mapping and symbol-level interleaving with zero padding should first clarify the difference of such design aspects from symbol-level sparse spreading.
Proposal 6: Further study the difference among symbol-level sparse spreading, symbol-level interleaving with zero-padding, and sparse RE mapping.
3) Additional MA signature design and spec impact
· Multi-layer transmission
[bookmark: _GoBack]Multi-layer linear superposition per user can be considered in order to achieve high per-user spectral efficiency and certain “shaping”. This multi-layer processing could be common to all the above-mentioned schemes, i.e. multi-layer transmission can be operated before FEC, at bit level or at symbol level, as shown in the Appendix. UE-specific MA signature may be replaced by layer-specific MA signature if multi-layer transmission is applied, and these layer-specific MA signatures could be either orthogonal, non-orthogonal or share the same MA signature. 

· UE/layer-specific power assignment.
Unequal SNR distribution among multiple UEs may be beneficial for the NOMA transmission. In this case, UE or layer-specific power assignment can be adopted as part of the MA signature, and there will be some impact on the design of signalling procedure such as power control.
Proposal 7: Multi-layer transmission and UE/layer-specific power assignment can be considered as common design for all candidate schemes.

Considerations on the legacy and modified modulations
The design of the joint modulation can be quite diverse, [2] gave some examples of the look up tables for bit-to-symbol mapping. However, so far it is not clear about the theoretical principle of this joint design is, e.g. how to optimize the bit-to-symbol mapping rule or how to formulate the output constellation. 

[image: ]
[bookmark: _Ref513711512]Figure 2 Joint modulation and spreading in the bits-to-symbols mapping
It can be found below that some of the multi-dimensional modulation can be realized by symbol-level spreading with multi-layer transmission. The detailed deduction of the equivalence can be found as follows:
1) 8point constellation
[image: ]
[bookmark: _Ref521523228]Figure 3 8point bit-to-symbol mapping is realized by three layer symbol-level spreading with BPSK.
The bit-to-symbol mapping of 8point can be realized by three layer symbol-level spreading with legacy BPSK constellation adopted per layer, as depicted in Figure 3. The spreading sequences used for each layer are , ,  respectively.
The mapping function is listed in Table 1, where , . The constellation of output symbols is shown in Figure 4, where x can be either 0 or 1 which means two bit sequences are mapped to the same symbol.
[bookmark: _Ref521518803]Table 1 Bit-to-symbol mapping for 8point constellation
	Input bits
	000
	001
	010
	011
	100
	101
	110
	111

	[bookmark: OLE_LINK9]Output symbols
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(a) RE1     		      	   (b) RE2
[bookmark: _Ref521518558]Figure 4 8point modulation constellation, x can be either 0 or 1.
2) 16point constellation
[image: ]
[bookmark: _Ref521523062]Figure 5 16point bit-to-symbol mapping is realized by two layer symbol-level spreading with QPSK.
The bit-to-symbol mapping of 16point can be realized by two layer symbol-level spreading with legacy QPSK constellation adopted per layer, as depicted in Figure 5. The spreading sequences used for each layer are , and  respectively.
The mapping function is listed in Table 2. The constellation of output symbols is shown in Figure 6.
[bookmark: _Ref521519471]Table 2 Bit-to-symbol mapping for 16point constellation
	Input bits
	0000
	0001
	0010
	0011
	0100
	0101
	0110
	0111

	Output symbols
	
	
	
	
	
	
	
	

	Input bits
	1000
	1001
	1010
	1011
	1100
	1101
	1110
	1111

	Output symbols
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(b) RE1     		      	   (b) RE2
[bookmark: _Ref521520805]Figure 6 16point modulation constellation, x can be either 0 or 1.
3) 64point constellation
[image: ]
[bookmark: _Ref521522605]Figure 7 64point bit-to-symbol mapping is realized by rate matching and bit interleaving.
Similar to the former cases, 64point constellation can be represented by multi-layer with QPSK or 16QAM. A simpler representation can be realized by bit-level rate matching and interleaving, as depicted in Figure 7. 
The bit-to-symbol mapping of 64point is listed in Table 3. The constellation of output symbols is shown in Figure 8, where x can be either 0 or 1 which means four bit sequences are mapped to the same symbol.
[bookmark: _Ref521522642]Table 3 Bit-to-symbol mapping for 16point constellation
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(c) RE1     		      	   (b) RE2
[bookmark: _Ref521522666]Figure 8 64point modulation constellation, x can be either 0 or 1.


Conclusion
In this contribution, we provided our understanding on the possible harmonization on the transmitter design aspects for NOMA. Some proposals were made as follows.
Proposal 1: Bit-level scrambling with minor impact on specification should be prioritized for NOMA study.
Proposal 2: Symbol-level spreading with legacy modulation should be prioritized for NOMA study. 
Proposal 3: FFS the necessity of introducing bit-level interleaving for NOMA.
Proposal 4: FFS the necessity of introducing modified modulation for NOMA.
Proposal 5: Cell-specific scrambling can be considered on top of symbol-level spreading.
Proposal 6: Further study the difference among symbol-level sparse spreading, symbol-level interleaving with zero-padding, and sparse RE mapping.
Proposal 7: Multi-layer transmission and UE/layer-specific power assignment can be considered as common design for all candidate schemes.
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Appendix 
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(a) Multi-layer transmission before FEC.
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(b) Multi-layer transmission at bit-level
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(c) Multi-layer transmission at symbol-level
Figure A1. Different operation modes for multi-layer transmission
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