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1
Introduction
This is the revision of the contribution R1-1806930. Non-orthogonal multiple access (NOMA) was studied at Rel.14 SI until RAN1#86bis. The discussion is being reinitiated based on a SID that was approved in RAN#75[1] and revised in RAN#76 [2]. The objective of NOMA SI is to further progress on the NOMA performance evaluation focusing on uplink, and provide recommendation about the key design features to be specified later. In this contribution, we give our considerations on the NOMA transmitter. 
2

Discussion
During Rel.14 SI, the proposed NOMA schemes follow a basic high-level transmitters diagram as shown in Figure 1. The transmitter side operations include bit level operations and symbol level operations. The evaluation of NOMA schemes shall follow this same basic structure for scheme comparison.  
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Figure 1 High level diagram for UL NOMA schemes
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Figure 2 NOCA transmission structure
Figure 2 shows the NOCA transmission structure, the modulated symbols are spreading before the IFFT operation and mapping in time domain first or frequency domain first manner. The signature pool for spreading includes both orthogonal sequences and non-orthogonal sequences. QPSK-based sequence is applied, which is the same as DMRS sequence generation. The sequences used have good properties like good auto-correlation and cross-correlation, low memory and complexity requirements from receiver side. It might also support multiple spreading factors for flexible adaptation. We are using the QPSK sequences 
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is given in appendix for spreading factor equals to 6 and 12 for each root
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. And the computer generated sequence has good quality on scalability, the spreading factor can be 4, 6, 12 to adaptive to different physical layer resource allocation.
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Figure 3 a low-complexity IDMA architecture
For IDMA, figure 3 shows a simple IDMA architecture, the bit or symbol level interleaving is user-specifially exploited before or after the modulation, respectively. From the view point of factor graph, the user-specific interleaving equivalently randomizes the structure of the users’ encoders, and enables the gNB to make use of this signature to recover the data signal by means of advanced receiver.
Proposal 1: NOCA and IDMA should be studied further as candidate NOMA scheme.
When the different NOMA schemes are compared, the agreed link level simulation evaluation metrics can be used, and other aspect can be considered as well, such the spreading code scalability. When a proposed NOMA scheme is with fixed spreading factor or fixed code book, it would limit the NOMA utilization scenarios. Generally, the spreading code length will determine the allocated bandwidth to accommodate the effective coding rate, and bandwidth will limit the TB size further. In some cases, different TB sizes are required, such as for eMBB medium block size. As agreed in last RAN1 meeting, 6 PRBs are used for mMTC simulation, and 12 PRBs are used for URLLC and eMBB, then for different TB size, how to utilize the physical layer resources need to be specified by each NOMA scheme.    
Proposal 2: Spreading code scalability is supported for NOMA.
As mentioned in serveal contributions, the spreading based NOMA scheme could have the PAPR issue. Each modulated symbol is spread by a sequence and then mapped to the resource elements. In each OFDM symbol, the symbols in the frequency domain are not independently identically distributed, the correlation is introduced due to single spreading sequence used, which causes higher PAPR than that with OMA. To reduce this correlation among the modulated symbol, we simulate the case that different spreading sequence is applied to each modulated symbols.
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Figure 4: PAPR performance comparsion

From the simulation results showing in figure 4, it can be found the PAPR performance is improved clearly, if different spreading sequence is applied for each modulated symbol, the PAPR performance is better than CP-OFDM without spreading and is reaching the value in theory.
Observation: Each modulated symbol spreading with different spreading sequence can reduce the PAPR efficienly.

As mentioned above, different TB sizes are supported for some scenarios, then different MCS could be selected by UE. For grant free NOMA, additional uplink control information can be transmitted by UE to assist gNB detecting data channel, except the link adaption info, resource utilization, signature info for data channel, transmission power information can be sent as well. In this way, the transmission efficiency is improved and the gNB implementation complexity is reduced.
The UL control information could be transmitted together with uplink data in the same slot, the control information can occupy the first several symbols and follow by data channel. The length of spreading factor for control information and data channel can be different to adapt different transport block size. As the upolink transmission information is not updated frequently, to save the uplink resource, the uplink control information can be transmitted indenpent of data channel, e.g., the uplink conrol information transmit in whole slot with specific periodicity.
Proposal 3: UL control information can be considered for grant free NOMA.
3
Conclusions
In this contribution, we discuss the NOCA and IDMA scheme, and the following proposals are made. 
Observation: Each modulated symbol spreading with different spreading sequence can reduce the PAPR efficienly.

Proposal 1: NOCA and IDMA should be studied further as candidate NOMA scheme.

Proposal 2: Spreading code scalability is supported for NOMA.
Proposal 3: UL control information can be considered for grant free NOMA.
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