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1. Introduction
In RAN #75 meeting, the new SID on 5G Non-orthogonal Multiple Access (NoMA) was approved [1]. In the  new SID, NoMA is suggested as an generic scheme that can be applied to both grant-based and grant-free transmission and may encompass a variety of use cases or deployment scenarios, including eMBB, URLLC, mMTC, etc. Hence, the NoMA scheme should be designed flexibly enough for different identified targeting scenarios. In Rel-14 SI, a general structure of transmitter side for non-orthogonal multiple access schemes was proposed [2].  In this contribution, based on the general structure of transmitter side for NoMA, we provide our views on the building block design.
Note that this contribution is a resubmission of R1-1811032 with major revisions.
2. Considerations on NoMA Transmitter Design
As shown in Fig.1, the general structure of NoMA transmitter side processing including both bit-level and symbol level operations. For different NoMA scheme, some specially designed UE-specific interleaver/scrambling scheme and/or UE-specific spreading pattern may be involved.  A NoMA scheme may configure some or all building blocks. In this section, we study the necessity and design principles of different building blocks. 
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Fig. 1 General structure of transmitter side for NoMA schemes.
· Bit-level considerations
For bit-level based NoMA scheme, UE-specific scrambler/interleaver is used as the MA signature to make each user’s signal distinguishable. The essential idea of bit-level NoMA scheme is to randomize inter-user interference and rely on channel coding to suppress the interference. Therefore, a low code rate encoder or repetition coding are usually adopted before the interleaving / scrambling processing [3]. This leads to a relatively low spectral efficiency of each user. 
For bit-level NoMA scheme, the MA signature can be interleaver or scrambler. In Fig.2 and Fig.3, we compare the performance of interleaving-based processing (IDMA) and scrambling-based processing in AWGN channel and  TDL-C-300ns channel, respectively. Enhanced ESE detector in [4] is used at the receiver side.  Other simulation setup is referred to Table A1 [5]. It can be observed from Fig.2 and Fig.3 that the performance of interleaving and scrambling is comparable at the given simulation assumptions. 
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Fig.2 LLS performance curves of bit-level interleaving based and scrambling based NoMA schemes in AWGN channel
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Fig.3 LLS performance curves of bit-level interleaving based and scrambling based NoMA schemes in TDL-C channel
From Fig.2 and Fig.3, we have the following observations.
Observation1： For bit-level based NoMA scheme, the interleaver based processing and scrambler based processing is comparable for the enhanced ESE receiver. 
· Symbol-level considerations
In this section, we compare the link level performance of different symbol-level signal processing schemes. The symbol-level signal processing schemes are reflected by various MA codebook design.
In Fig.4, the performance of sparse multi-dimensional modulation, sparse linear spreading and sequence linear spreading NoMA schemes are studied under different packet size assumptions. EPA-SIC receiver is applied at the receiver, and other major simulation assumptions are listed in Table A1. In order to guarantee the same code rate among different NoMA schemes, 16 points sparse multi-dimensional modulation and 16QAM sparse linear spreading based NoMA schemes are used for the spreading length = 4 case, QPSK sequence linear spreading based NoMA is used for the spreading length = 2 case [6]. The code rates are 0.3889 and 0.7130 for the TBS = 40 bytes and 75 bytes, respectively. 
 [image: image4.emf]-2 0 2 4 6 8 10

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

SNR [dB] (/UE/RE)

BLER

 

 

40Bytes 16p SF=4 6users

40Bytes 16QAM SF=4 6users

40Bytes QPSK MUSA SF=2 6users

40Bytes 16QAM MUSA SF=4 6users

75Bytes 16p SF=4 6users

75Bytes 16QAM SF=4 6users

75Bytes QPSK MUSA SF=2 6users

75Bytes 16QAM MUSA SF=4 6users

75Bytes 16p SF=4 8users

75Bytes 16QAM SF=4 8users

75Bytes QPSK MUSA SF=2 8users

75Bytes 16QAM MUSA SF=4 8users

40Bytes 6users

75Bytes, 8users

75Bytes 6users


Fig.4 LLS performance comparison among sparse multi-dimensional modulation, sparse linear spreading and sequence linear spreading in TDL-C-300ns channel.
Observation 2: For the equal column weight NOMA schemes, the multi-dimensional modulation based codebook outperforms the linear spreading based codebook in the medium and high modulation order case (modulation order > 2) due to the larger Euclid distance among different constellations.
Observation 3: The equal column weight sparse multi-dimensional NOMA schemes has comparable performance with the WBE sequence based NoMA schemes for the 40Bytes and 60Bytes 6users case. But for the 75Bytes 8users case, the multi-dimensional NOMA scheme outperform the WBE sequence based NOMA scheme (~0.4dB).
· Hybrid NoMA shemes
As described in Fig. 1, the general structure of transmitter side data processing includes bit-level and symbol-level two operations. Specifically, interleaving / scrambling can be used by the bit level processing. And spreading / interleaving / scrambling can be considered by the symbol level processing. In this section, the performance of hybrid NoMA schemes are studied. Here, the hybrid NoMA scheme means that the transmission data is processed by both the symbol level and the bit level operations. In Fig.5, two different hybrid NoMA schemes are simulated. One is the sparse symbol level spreading combined with the bit level interleaving scheme. The other one is IGMA, where the symbol level interleaving with zero-padding combined with the bit level interleaving scheme are applied at the transmitter. In the simulation for IGMA, zero-padding density is 0.5. EPA-SIC receiver is adopted for the hybrid NoMA scheme while ESE receiver is adopted for IGMA scheme.
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Fig.5 LLS performance comparison between hybrid MA and IGMA in TDL-C-300ns channel.
Observation 4: The hybrid MA scheme where sparse symbol level spreading combined with the bit-level interleaving/scrambling has comparable performance with  IGMA in small packet size.. However, in large packet size, when the number of users is large (e.g. 40 bytes with 12 users), the hybrid MA scheme outperforms IGMA.
· Multi-branch processing

In Fig.6, the performance of NoMA w/o the multi-branch processing is studied with packet size = 75 Bytes under different multiplexing users numbers. In the simulation, 16 points multi-dimensional modulation based codebooks with spreading length = 4 are evaluated. For the multi-branch case, 2 branches per user are assumed. 
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Fig.6 LLS performance comparison among NoMA w/o the multi-branch processing in TDL-C-300ns channel.
Observation 5: When the number of multiplexing users is not very large, the multi-branch processing has lower demodulation threshold than non-multibranch processing. But the gain is decreased with the increasing number of multiplexing users.
3. Conclusions
In this contribution, we provide some considerations on the bit-level and symbol-level operations of NoMA transmitter side. According to the above discussions, we would like to put forward the following observations and proposals.
Observation1： For bit-level based NoMA scheme, the interleaver based processing and scrambler based processing is comparable for the enhanced ESE receiver.

Observation 2: For the equal column weight NoMA schemes, the multi-dimensional modulation based codebook outperforms the linear spreading based codebook in the medium and high modulation order case (modulation order > 2) due to the larger Euclid distance among different constellations.
Observation 3: The equal column weight sparse multi-dimensional NoMA schemes has comparable performance with the WBE sequence based NoMA schemes when the number of multiplexing users is not very large.
Observation 4: The hybrid MA scheme where sparse symbol level spreading combined with the bit-level interleaving/scrambling has comparable performance with  IGMA in small packet size.. However, in large packet size, when the number of users is large (e.g. 40 bytes with 12 users), the hybrid MA scheme outperforms IGMA.. 
Observation 5: When the number of multiplexing users is not very large, the multi-branch processing has lower demodulation threshold than non-multibranch processing. But the gain is decreased with the increasing number of multiplexing users.
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Annex: LLS parameters
	Table A1: LLS Evaluation Assumptions 
Parameters
	Assumptions

	Carrier Frequency
	700 MHz

	Waveform
	CP-OFDM

	Channel coding
	LDPC

	Numerology
	SCS = 15 kHz, #OS = 14

	Allocated bandwidth
	6 PRBs

	TBS per UE
	Bit level Interleaver based scheme: [20,60] bytes

Symbol level spreading based scheme: [20,40,75]bytes

	Target BLER for one transmission
	10%

	Number of UEs multiplexed in the same allocated bandwidth
	Bit level Interleaver based scheme:  1,4 ,6,8users

Symbol level spreading based scheme: 1,2,6,8users

	BS antenna configuration
	2 Rx

	UE antenna configuration
	1Tx

	Propagation channel & UE velocity
	AWGN, TDL-C 300ns, 3km/h,

	Max number of HARQ transmission
	1 as starting point.

	Receiver
	enhanced ESE,EPA-SIC


