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[bookmark: _GoBack]Introduction 
A study item of non-orthogonal multiple access for NR is agreed in RAN#76[1]. The receiver of NOMA is included in the study objectives:
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.
In this contribution, the receiver design based on MMSE technology for different types of NOMA schemes is presented.
A Basic Receiver for NOMA Schemes
According to the latest study, the NOMA receiver family of multi-user detection includes four typical types, i.e., MMSE-SIC receiver, elementary signal estimator (ESE) receiver, message passing algorithm (MPA) receiver, and expectation propagation algorithm (EPA) receiver [1]. Specifically, compared to MPA receiver, EPA receiver has much lower complexity. Different NOMA schemes dynamically chose a type of receiver according to the corresponding NOMA transmitter. For example, for the NOMA schemes based on symbol-level non-sparse spreading like MUSA[2] and WSMA[3], the MMSE-SIC receiver can be applied. For the NOMA schemes based on symbol-level sparse spreading like SCMA [4] and PDMA[5], the MPA and EPA receivers can be applied. For the NOMA schemes based on bit-level scrambling or interleaving like IGMA[6] and IDMA[7], the ESE receiver can be applied. Currently, most NOMA schemes are evaluated with their corresponding typical receiver as mentioned above.

Actually, other than the typical receiver, it is feasible for most of NOMA schemes to adopt the receiver based on classical MMSE technology to separate different users’ data. Assuming there are users transmitting data in a NOMA manner, the received signal can be expressed as

,



whereis the effective equivalent channel the data of the th user, i.e., being experienced. Taking NOMA based on symbol level spreading as an example, is the combination of data spreading and realistic wireless channel as shown in Fig.1. 


Fig.1. Illustration of effective equivalent channel of NOMA based on symbol level spreading.
When to apply the MMSE technology, the transmitted data of the th user after detection can be expressed as

,


where the weight vector is calculated by  . Note that for MMSE with parallel interference cancellation (MMSE-PIC), each user can detect its target signal  simultaneously and thus gain a relatively high detection efficiency. However, the performance might not be good especially under the situation with large number of users, since the interference of each user experienced is under the maximum state. For MMSE with successive interference cancellation (MMSE-SIC), the calculation of SINR of each user is necessary to decide the detection order, which is consistent with the SINR value in descending order. Therefore, the signal can be deleted from the received signal if successful detected and the corresponding channel is also need to be deleted from the whole channel matrix. The calculation of weight vector is then based on the updated channel matrix and received signal. The performance of MMSE-SIC can get improved compared to MMSE-PIC in the sacrifice of detection efficiency. Thus there has also been put forward a hybrid receiver of MMSE-PIC and MMSE-SIC solve the efficiency-performance trade-off problem. 
Note that no matter which type of MMSE receiver being adopted, it is feasible to use MMSE technology to separate different users’ data carrying on the same channel resources. Taking the three types of NOMA schemes, which cover most proposed NOMA schemes, as example. 
(1) NOMA schemes based on symbol-level non-spares spreading 
The MMSE-based receiver for NOMA schemes based on symbol-level non-spares spreading is illustrated in Fig.2. As aforementioned, the receiver combines the realistic channel state information after channel estimation and the symbol level spreading codebook as the effective channel to detect the signal. And then demodulate the detected signal to obtain the log-likelihood ratios (LLRs) of information bits. The channel decoding module further input the LLRs to decode the final bits. When to adopt the MMSE-SIC technology, it can reconstruct the transmit signal by using the successful output bits and output to the receiver for interference cancellation. 


Fig.2. Illustration of MMSE-based receiver for NOMA schemes based on symbol-level non-spares spreading.
(2) NOMA scheme based on symbol-level spares spreading
The MMSE-based receiver for NOMA schemes based on symbol-level spares spreading is illustrated in Fig.3. When the spreading codebook is a joint of modulation and spreading map like SCMA scheme, then there are some differences in the MMSE-based receiver compared to that shown in Fig. 2. Specifically, other than detected one modulated symbol from L (=spreading factor) resource elements as receiver of non-spares spreading based NOMA schemes, the MMSE-based receiver here should first detect L modulated-like symbols from L resource elements. Then calculate the LLRs of information bits from the L modulated-like symbols according to the constellation map and spreading codebook adopted in NOMA. However, if the NOMA scheme just adopts a spare spreading coding technology without any combination of the modulation like PDMA scheme, then there is no distinctions at the MMSE-based receiver between the spare and non-sparse spreading based NOMA schemes. 


Fig.3. Illustration of MMSE-based receiver for NOMA schemes based on symbol-level spares spreading.

(3) NOMA scheme based on bit-level interleaving 
The MMSE-based receiver for NOMA schemes based on bit-level interleaving is illustrated in Fig.4. The main difference of receiver under this case is that a de-interleaving module is applied between the modules of demodulation and channel decoding. The role of de-interleaving module is reorder the LLRs of information bits output by the demodulation according to the bit-level interleaving codebook of NOMA schemes. If the NOMA scheme adopts a combination of bit-level interleaving and symbol-level interleaving or spreading, like IGMA, then the symbol-level interleaving or spreading codebook should also be employed in the MMSE-based receiver to obtain the effective equivalent channel character by combing it with the realistic channel state information.


Fig.4. Illustration of MMSE-based receiver for NOMA schemes based on bit-level interleaving.

Observation 1: It is feasible for most of NOMA schemes to adopt the receiver based on classical MMSE technology to separate different users’ data.
Proposal 1: The MMSE-based receiver can be considered as a basic receiver of NOMA schemes.
Conclusion
In this contribution, the receiver design based on MMSE technology for different types of NOMA schemes is presented. Based on this contribution, we make the following observation and proposal:
Observation 1: It is feasible for most of NOMA schemes to adopt the receiver based on classical MMSE technology to separate different users’ data.
Proposal 1: The MMSE-based receiver can be considered as a basic receiver of NOMA schemes.
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