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1. Introduction
The following agreements were made on NOMA in the RAN1 #86 meeting [1]:
· A MA resource is comprised of a MA physical resource and a MA signature, where a MA signature includes at least one of the following:
· Codebook/Codeword
· Sequence
· Interleaver and/or mapping pattern
· Demodulation reference signal
· Preamble
· Spatial-dimension
· Power-dimension
· Others are not precluded
The following agreements were made on NOMA in the RAN1 #86b meeting [2]:
Capture the following observations in the TR
· All proposed non-orthogonal MA schemes for UL transmission share the following common features:
· At the transmitter side: using MA signature(s) 
· At the receiver side: allowing multi-user detector
· All proposed non-orthogonal MA schemes for UL transmission on a high level follow the following basic diagram. Note that the basic diagram is not intended to capture all the details or to be a complete diagram.
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Based on these agreements, we discuss design consideration for NOMA transmitter. 

2. Discussion
2.1 Transmission design for NOMA

In Rel-14 study for NR system design, several NOMA schemes have been proposed [4]-[11], mainly targeting UL transmissions to support massive connectivity and to enable the newly defined grant-free transmission procedures with low latency and high reliability. For non-orthogonal multiple access, there will be interference between transmissions using overlapping resources. As the system load increases, this non-orthogonal characteristic is more pronounced. To combat the interference between non-orthogonal transmissions, transmitter side schemes such as spreading (linear or non-linear, with or without sparseness) and interleaving are normally employed to improve the performance and ease the burden of advanced receivers. 

Even though various signatures are employed by different NOMA schemes, the principle of trying to distinguish users/UEs at the receiver by different MA signatures is common. Therefore, the transmitter of NOMA schemes can be unified into one common structure shown in Figure 1. NOMA schemes involve channel coding, bit-level interleaver/scrambling, modulator and sequence generator and resource mapping. Here, we give a brief description for each function shown in Figure 1  as follows:
· Bit-level operation:
· Bit-level interleaver/scrambler: This function performs UE-specific bit-level interleaving for the output of a LDPC encoder. It may apply rate-matching before bit-level interleaving/scrambling be performed. UE-specific bit-level interleaver/scrambler can help the multiuser/UE interference suppressed [10].
· Symbol-level operations:
· Modulator and sequence generator: This function maps the interleaved bits into modulated symbols (e.g. QAM). For SCMA based NOMA proposed by [4], it maps bits to a sparse code via a UE-specific codebook. In [6]-[8], user-specific spreading sequences can be applied on modulated symbol for further enhancing SNR and combating synchronization issues. In [11], a symbol-level interleaver has been proposed for reducing multiuser/UE symbol interference.
· Resource mapping: The symbol stream can be mapped into available physical time-frequency resources. Based on grant or grant-free cases, the available physical time-frequency resources can be dynamically assigned via DCI or statically pre-configured via higher layer RRC.    

For the codebook based NOMA transmission scheme proposed by [4], it assumes the maximum number of non-orthogonal multiplexing UEs equals to .  Without losing the generality, the -th UE can be assigned with a UE-specific codebook  from a set of codebooks  , where  denotes the number of REs, i.e., the length of column (sparse) vector of  used for the NOMA transmission and  denotes the -QAM modulation size. 
For an example, if for QPSK case (i.e., 2 bits mapping) and maximum number of non-orthogonal multiplexing UEs , then 6 UE-specific codebooks with size  are required. Hence, for the codebook based NOMA transmission scheme, UE needs to be assigned with a UE-specific codebook and the maximum number of codebooks is dependent on number of UEs needs to be supported in non-orthogonal multiplexing.  
Observation 1: Resource utilization might be limited by using codebook design for symbol-level processing. This is because when a codebook set is assigned, the maximum number of UEs is fixed and results in the overloading factor being determined.  

For interleaver based NOMA scheme proposed by [10], through a UE-specific bit-level interleaver , where  denotes -th UE specific interleaver, the inter-UE, i.e., multiplexing UEs interference is suppressed by overlapped signal. If the information bits/block  of UE  is encoded based on a low-rate error correction code (e.g. LDPC) then follows a repetition coding or spreading to generate a coded bits/block , where  is the frame length. Then  is permutated by a UE-specific interleaver  to generate the interleaved bits/block for transmission. Interleaver based NOMA can be robust design for resource allocation because repetition mechanism, spreading or other alternative mechanism can give higher adaption to different allocated resource size. 

Observation 2: The repetition code or spreading code length will determine the allocated bandwidth to accommodate the effective coding rate, and bandwidth will limit the TB size further [10].

Proposal 1: Interleaver based NOMA transmission scheme should be studied and considered.
Proposal 2: Bit-level repetition mechanism, spreading or other alternative methods to improve decoding performance should be studied further for interleaver based NOMA transmission scheme

2.2 DM-RS/Preamble for NOMA transmission 
For UL grant-free transmissions, gNB doesn’t know which UE is transmitting. Hence, it requires UE activity detection. The active UEs can be detected via MA signature. MA signatures can be spreading sequence/code, interleaver/scrambling pattern, preamble, and DM-RS, etc. In [5],[6], they propose using DM-RS or preamble for supporting UE activity detection. Furthermore, DM-RS or preamble can serve two purposes: UE activity detection and channel estimation for data demodulation. However, there is a fundamental challenge when DM-RS or preamble is used for UE activity detection and channel estimation. The fundamental challenge is to deal with the potential collision, which will happen in the case of random signature selection, or when the number of potential UEs is much larger than the pool size of the NOMA signatures. For instance, if two or more UEs select the same preamble or DM-RS sequence, there will be at most one preamble ID detected, which means that only one UE has the chance to be detected. Furthermore, the corresponding channel estimation will be the combination of multiple UEs, which leads to significant performance degradation due to the non-resolvable interferences. 
Observation 3: In NR, the maximum number of DM-RS orthogonal ports can be supported for DM-RS type 1 and type 2 configuration is equal to 8 and 12 ports, respectively. As more UEs may be supported in the NOMA with grant-free transmission, it is likely that the number of existing orthogonal ports in NR is less than the number of potential UEs sharing the same time and frequency resource in NOMA with grant-free transmissions.
As more UEs may be supported for grant-free NOMA transmission, it is likely that the number of existing orthogonal DM-RS ports in NR is not enough to support the number of potential UEs. To address this issue, one of straight method is using extended orthogonal DM-RS or non-orthogonal DM-RS ports to enlarge user connectivity [12].
However, both extended orthogonal DM-RS and non-orthogonal DM-RS have the following issues:
· Extended orthogonal DM-RS ports can increase the number of multiplexing users without sacrificing channel estimation performance for user activity detection and multiuser detection but it requires to allocate more orthogonal DM-RS ports (resources) thus it will reduce the spectrum efficiency.  
· Non-orthogonal DM-RS ports can save DM-RS ports resources by allowing overlapping of DM-RS but the it may degrade the channel estimation performance because there is a trade-off regarding the preamble/DM-RS average cross correlations
      
Observation 4: Extended orthogonal and non-orthogonal DM-RS has pros and cons for UE activity detection and channel estimation  
Proposal 3: Using DM-RS or preamble for UE activity detection should be studied for NOMA transmission

3. Conclusion
In this contribution, we discussed the design considerations for NOMA transmission, especially on resource utilization, and UE activity detection. We have the following proposals: 
Proposal 1: Interleaver based NOMA transmission scheme should be studied and considered.
Proposal 2: Repetition or other alternative method to improve data decoding should be studied further for interleaver based NOMA transmission scheme
Proposal 3: Using DM-RS or preamble for UE activity detection should be studied for NOMA transmission
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