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1 Introduction
Non-orthogonal multiple access (NOMA) allows multiple users to use the same time and frequency resources for data transmission and interference exists among multiple users. Hence, the signatures and structure at the transmitter should be carefully designed to reduce multi-user interference (MUI). On the other hand, the receiver should be designed to distinguish signals from multiple users, which is as important as the transmitter design.
The objectives of NOMA study item are provided in SID [1], which includes the receiver as
· 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.
Candidate receivers have been listed in the SID, which have been discussed in the Rel-14 study item of new radio (NR) with regard to complexity and performance. In Rel-15 study item of NOMA, receivers need further study to clarify the features of all receiver candidates.
2 [bookmark: _Ref505695213]Receiver candidates
[bookmark: OLE_LINK12]Based on the SID, MMSE receiver, SIC/PIC type receiver, JD type receiver and combination of SIC and JD receiver are four types of receiver candidates, which are commonly used by existing NOMA schemes. The four types of receivers will be introduced successively in the sequel.
2.1 MMSE receiver
MMSE receiver is widely used in the existing systems for interference suppression, such as inter-cell interference in multi-cell scenario and inter-beam interference in multiple-input multiple-output (MIMO) setup, etc. As one kind of interference, MUI in NOMA can also be suppressed by MMSE receiver. Signals of multiple users are detected by MMSE-receiver simultaneously and the detected symbols of multiple users are demodulated and decoded in parallel as illustrated in Figure 1. MMSE receiver is simple and could be implemented to the gNB more easily.
As shown in [2], up to 200% overloading can be achieved by MU-MMSE receiver. However, with the increase of overloading, MU-MMSE receiver cannot distinguish signals of multiple users and advanced receiver is necessary.


[bookmark: _Ref505622199]Figure 1 Illustration of MMSE receiver

2.2 [bookmark: _Ref505693858]SIC/PIC type receiver
SIC and PIC receivers all belong to interference cancellation (IC) receiver. The structure of SIC receiver is provided in Figure 2, where users are firstly ordered based on given principles such as received power or SINR. Then, the signals of multiple users are detected and cancelled from the received signals successively based on the order. It is obvious that the number of iteration equals to the number of users, which indicates that the error propagation and latency increases with the number of users. 
To reduce the impacts of error propagation, some enhanced SIC receiver such as SIC receiver with CRC check and SIC receiver with outer iteration are proposed. For SIC receiver with CRC check, the detected signals are cancelled from the received signal only if the CRC check is correct. If CRC check is wrong, the detected signals are not cancelled and are considered as interference for the detection of the remaining users. Based on this, outer iteration can be considered for further performance enhancement. With outer iterations, signals of failed users will be detected again in the next iteration [3]. The performance of SIC receiver depends on the power difference among users and large power difference is beneficial for performance enhancement.


[bookmark: _Ref505626176]Figure 2 Illustration of MMSE-SIC receiver
For PIC receiver, the signals of multiple users are detected simultaneously at each stage and are fed back as prior information for next stage. Therefore, the signals of each user will be detected and decoded for many times, which consumes higher complexity than SIC receiver.
2.3 JD type receiver
With JD type receiver, the signals of multiple users are detected jointly. In the study of NOMA schemes, two types of JD receivers, including message passing algorithm (MPA)/expectation propagation algorithm (EPA) receiver and elementary signal estimator (ESE) receiver, are mainly discussed.
2.3.1 MPA/EPA receiver
The structure of MPA/EPA receiver is provided in Figure 3, where function node (FN) denotes resource element (RE) and variable node (VN) denotes UE or data layer. MPA/EPA receiver is performed based on the tanner graph constructed by the codebook and the FN and VN connecting in the tanner graph makes a FN-VN pair. The message passes and updates between FN-VN pairs. After enough iterations of message updates at FNs and VNs, the log-likelihood-ratio (LLR) for coded bits is calculated and outputs at the VN, and is used as LLR input for the decoder.
MPA receiver can achieve close to maximum likelihood (ML) performance, while its complexity can be reduced greatly compared to ML receiver thanks to sparse mapping. Nonetheless, MPA receiver still consumes very high complexity, which increases exponentially with the number of users. 
To reduce the complexity, EPA receiver employs complex Gaussian distribution to approximate the message update function in MPA and only the mean and variance of complex Gaussian distribution need to be computed, passed and updated at each iteration, which reduces the exponential complexity to linear complexity [7].


[bookmark: _Ref505677522]Figure 3 Illustration of MPA/EPA receiver
2.3.2 ESE receiver
The general structure of ESE receiver is provided in Figure 4, where πk and π-1k denote interleaver and deinterleaver of user k, respectively. The detailed algorithm of ESE was discussed in [4] and is used by bit-level NOMA schemes, e.g., IGMA [5], where independent and random interleavers are used by multiple users to make the adjacent elements uncorrelated approximately. Then, the signals can be estimated element-by-element. 


[bookmark: _Ref505684968]Figure 4 Illustration of ESE receiver
2.4 Combination of SIC and JD receiver
To balance the performance and complexity, SIC can be combined with JD receiver, such as MPA-SIC receiver, etc. For JD-SIC receiver, the users are ordered based on the received powers or other principles and then users with high order are firstly detected by JD. The structure is identical with SIC receiver in Figure 2 except that the MMSE detection is replaced by JD.
The basic ideas of receiver candidates can be obtained easily based on the structure in Figure 1~Figure 4. However, the detailed algorithms are still not clear enough for implementation and evaluation.
Proposal 1: The details of each receiver candidate should be discussed for better evaluation and comparison of NOMA schemes.
3 Comparison metrics of receivers
The designs of various receivers are different and the metrics for comparing them are important. The metrics are discussed from three aspects including performance, complexity and latency in the sequel.
3.1 Performance
Performance is one of the most important motivations for the design of advanced receivers and should be considered as one comparison metric. Performance is a general description and has different definitions under various usage scenarios. Therefore, the performance of various receivers should also be compared for each usage scenarios of uplink NOMA.
3.2 Complexity
Computational complexity is one important comparison metric of receivers. One approach of comparison is mathematical analysis based on the algorithms of receivers. The fairest comparison should provide the exact expressions of computation complexity and compare them under all possible setups. However, there are too many factors affecting the complexity, such as user number, spreading factor, sparsity and iterations, etc., and the exact expressions of complexity will be very complex. To simplify the expressions and the comparison, the scaling laws of dominant parts are usually discussed for complexity comparison as done in [6][7]. 
On the one hand, the scaling laws of dominant parts can reflect the complexity in large systems with for example large number of users or large spreading factor or large number of iterations, etc. Otherwise, the expressions cannot indicate the complexity exactly. On the other hand, the complexity of receiver includes not only the multi-user detection (MUD) but also the decoder. Taking PIC receiver as example, the complexity comes from the multiple decoding for each user as discussed in Section 2.2.
Due to above reasons, the complexity comparison based on mathematical analysis of MUD is not sufficient and other supplementary approaches should be considered. For example, the computation time from the input of received signals to the output of decoded bits of multiple users can be compared for different receivers. In this case, for fair comparison, parameters including at least constellation order, number of users, number of antennas, spreading factor and sparsity should be fixed.
3.3 Latency
With the diverse requirements of usage scenarios, latency is one important metric of transceiver design, which should also be considered as one comparison metric of receivers. As discussed in Section 2, iteration is commonly employed by various advanced receivers for information updates or interference cancellation. On the one hand, iteration will increase the complexity. On the other hand, it will increase the processing time and hence the latency.
Proposal 2: At least performance, complexity and latency should be considered as comparison metrics of receivers.

As the simplest type of advanced receivers, MMSE-SIC receiver has been well studied and is suitable for all existing NOMA schemes and could be implemented at the gNB easily. Therefore, MMSE-SIC receiver can be used as a baseline for performance comparison of NOMA schemes. Enhanced receiver design for specific NOMA scheme can be evaluated at the cost of higher complexity.
Proposal 3: MMSE-SIC receiver should be considered as a baseline for performance comparison of NOMA schemes.
4 Conclusion
In this contribution, we discussed the receiver candidates for uplink NOMA and the comparison metrics for receiver design. According to the discussions, we have following proposals:
Proposal 1: The details of each receiver candidate should be discussed for better evaluation and comparison of NOMA schemes.
Proposal 2: At least performance, complexity and latency should be considered as comparison metrics of receivers.
Proposal 3: MMSE-SIC receiver should be considered as a baseline for performance comparison of NOMA schemes.
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