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Introduction
In RAN #75 meeting, the study item on non-orthogonal multiple access for NR has been approved [1].
This study will further progress on the evaluation of non-orthogonal multiple access schemes focusing on uplink, and provide recommendation on the non-orthogonal multiple access scheme(s) to be specified later. 
Agreements, observations and evaluation assumption in Rel-14 study shall be the starting point. The detailed objectives are to study the following:
1 non-orthogonal multiple transmission scheme
1.1 Transmitter side signal processing schemes for non-orthogonal multiple access [RAN1]:
· Modulation and symbol level processing, including spreading, repetition, interleaving, new constellation mapping, etc.
· Coded bit level processing including interleaving and/or scrambling, etc.
· Symbol to resource element mapping, sparse or not, etc.
· Demodulation reference signal. Other signal is not excluded.
1.2 Receivers for non-orthogonal multiple access: [RAN1, RAN4] 
· MMSE receiver, successive/parallel interference cancellation (SIC/PIC) receiver, joint detection (JD) type receiver, combination of SIC and JD receiver, or other receivers
· The study should consider performance, receiver complexity, etc.
1.3 Procedures related to the non-orthogonal multiple access  [RAN1]
· UL transmission detection
· HARQ, including transmission scheme, feedback scheme, and combining scheme
· Link adaptation MA signature allocation/selection
· Synchronous and asynchronous operation
· Adaptation between orthogonal and non-orthogonal multiple access
1.4 Link and system level performance evaluation or analysis for non-orthogonal multiple access continued from performance metrics identified from Rel-14. The benchmark for comparison is OFDM contention based multiple access. Realistic modelling of Tx/Rx impairment including potential PAPR issue, channel estimation error, power control accuracy, collision, etc. should be considered. [RAN1]
· Traffic model and Deployment scenarios of eMBB (small packet), URLLC and mMTC
· Device power consumption
· Coverage (link budget)
· Latency and signalling overhead 
· BLER reliability, capacity and system load
· Physical abstraction (link-to-system mapping model)
Note: targeting common solution for mMTC, URLLC and eMBB small packet.
In this contribution, the consideration on the design of transmitter side signal processing scheme for NoMA is presented.
Discussion on IGMA 
In Rel-14 SI, the following high level diagram of NoMA has been concluded:
[image: ]
Fig.1 – illustration of high-level diagram of NoMA
So in following, the proposed NoMA, namely the interleave-grid multiple access, IGMA, will be introduced following the above diagram.
 Basic diagram of IGMA
The typical transmitter system structure using IGMA is shown in the following figure.


Fig. 2 – The schematic of IGMA transmitter.
Basically, this IGMA scheme could distinguish different users based on:
1. Different bit-level interleavers;
2. Different grid mapping patterns;
3. Different combinations of bit-level interleaver and grid mapping pattern. 
The channel coding process can be either using simple repetition (spreading) of a moderate coding rate FEC or directly using low coding rate FEC. Compared to the need of well-designed codeword or code sequences, the sufficient source of bit-level interleavers and/or grid mapping patterns is able to not only provide enough scalability to support different connection densities, but also provide flexibility to achieve good balance between channel coding gain and benefit from sparse resource mapping. By proper selection, the low correlated bit-level interleavers could be achieved. 
While in the grid mapping process, sparse mapping based on zero padding and symbol-level interleaving is introduced that could provide another dimension for user multiplexing. Moreover, the densityof the grid mapping pattern is defined as the occupied RE (Resource Element) numbers dividing the total assigned RE numbers, i.e.,. Different densities could be flexibly configured. It should be noted that the symbol sequence order will be randomized after grid mapping process due to symbol-level interleaving, which may further bring benefit in terms of combating frequency selective fading and inter-cell interference, compared to resource mapping using direct code-matrices/codebooks. 
Hereinafter, we elaborate the processes of IGMA. The user’s data bits firstly goes through channel coding process, the obtained coded bit sequence then is transferred to the bit-level interleaving process. 
Bit-level interleaving process: the coded bit sequence order is randomized based on an assigned interleaver.
[bookmark: OLE_LINK38][bookmark: OLE_LINK39]This interleaving operation can be mathematically formulated as a process by permutation matrix. Let’s denote the kth user’s coded bit sequence as  (M is the length of coded bit sequence). According to the assigned interleaver, the corresponding permutation matrix is generated. Thus, the interleaved bit sequence becomes. 
After interleaving process, the interleaved bit sequence applies modulation to obtain the symbol sequence  where N is the length of symbol sequence, which is then transferred to grid mapping process.
Grid mapping process: the sparse symbol-to-RE mapping is performed based on an assigned grid mapping pattern.
An exemplary operation could be mathematically formulated as a process by permutation matrix. According to the symbol-level interleaver associated with the grid mapping pattern  with density  (), the corresponding permutation matrix  could be obtained. Thus, the kth user’s symbol sequence  after zero padding and interleaving can be denoted by  where , and decides the number of zeros padded. The figure-2 shows an example of grid mapping process for N=4, and =0.5. 




Fig. 3 – Example of grid mapping process when N=4, =0.5 and L=8.
By doing so, the original data symbols, i.e., are mapped onto a portion of REs of an allocated resource grid.
As discussed in [4], there are several types of receiver. For IGMA, both high-complexity chip-by-chip MAP and low-complexity ESE can be applied. Meanwhile, MMSE-SIC is also applicable for IGMA. Details can be found in [4].
The advantages of IGMA can be summarized as follows:
a. Flexibility. As described above, the density of grid-mapping as well as the combination of bit-level interleavers and grid-mapping patterns can be configured flexibly. As a result, the resource configuration of IGMA is very flexible. gNB can allocate these patterns and interleavers based on the traffic load or channel environment.
b. Ability against inter-cell interference. Since grid-mapping patterns introduce sparsity for RE mapping, with the aid of coordination between adjacent gNBs, orthogonal or near-orthogonal grid-mapping patterns can be used among gNBs. In this way, the inter-cell interference can be reduced and overall performance is enhanced.
c. Trade-off between performance and complexity. Various receivers are applicable for IGMA and different receiver algorithm has different performance and complexity. By choosing proper receivers based on the use cases and scenarios, the trade-off between performance and complexity can be achieved.
d. sufficient UE distinguishing signature. As the both bit-level interleavers and symbol level grid mapping patterns could provide numerous signature to differentiate the UE, which is quite suitable to the scenario of mMTC.  
Proposal 1: IGMA should be considered as a candidate scheme for NoMA.
 DFT-based IGMA
The above discussions are based on OFDM modulation. However, the PAPR is relatively high and is not suitable for low-cost devices, thus not very friendly to the case of mMTC. To reduce PAPR, DFT-based waveform can be introduced. 
Applying DFT precoding (SC-FDMA-like manner) could help reducing the PAPR. Thus, it is natural to study the combination of SC-FDMA and IGMA to eventually reduce the PAPR of IGMA. As shown in Fig. 4, apart from normal IGMA operations, one module of DFT-precoding is added after the symbol-level interleaving. The resource mapping is functioned as the subcarrier mapping. The distributed mapping manner (like the IFDMA) could be applied to further reduce the PAPR of IGMA.
[image: ]
Fig. 4 - One example of low PAPR IGMA (DFT-based IGMA)
As illustrated in Fig. 5, the data sequence after DFT precoding is mapping on the subcarriers with equal distance. The original symbol sequence passes through symbol level interleaving. In addition to randomizing the symbol orders, the sparsity could also be considered in this step. Then the interleaved sequence goes through DFT operation without changing its length, which is equal to the points of DFT. After mapping to the subcarriers with equal distance manner, the sequence will go to carrier modulation, e.g., IDFT.
[image: ]
Fig.5 - Example of grid mapping in low PAPR IGMA
Regarding the purpose of distinguishing different UEs, the credentials in normal IGMA such as bit level interleaver and/or grid mapping pattern could still be applied. Furthermore, Different distance on subcarrier mapping could also be used to help to differentiate UEs. Note that now the cell-edge UEs and cell-center UEs can be multiplexed in FDM manner. Considering the impact to the receiver, in addition to the advanced receiver like chip-by-chip MAP receiver, the modified ESE detector could be used for complexity reduction.
Proposal 2: the DFT-based IGMA scheme can be considered for the NoMA scheme requiring low PAPR.
Conclusion
In this contribution, we discussed the transmitter side design for NoMA schemes, the following proposals are made:
Proposal 1: IGMA should be considered as a candidate scheme for NoMA.
[bookmark: _GoBack]Proposal 2: the DFT-based IGMA scheme can be considered for the NoMA scheme requiring low PAPR.
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