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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 receivers for NoMA schemes are discussed.
Discussion on receiver type for NoMA schemes 
For NoMA schemes, receivers have large impacts on overall detection performance. The multi-user interference caused by the super-positioned transmission is required to be canceled by advanced receiver. Here several types of receivers are discussed.
Since NoMA receivers should deal with severe multi-user interference, advanced receivers are considered to improve the detection performance. Generally two types of advanced receivers can be applied, namely parallel interference cancelation (PIC) and serial interference cancelation (SIC).
 Parallel interference cancelation (PIC) detectors
As for PIC, iterative detection and decoding scheme is usually used and its basic structure is demonstrated in Fig. 1.


Fig. 1. Basic structure of iterative detection and decoding (PIC)
In Fig. 1, the multi-user detector and decoders exchanges information on decoded bits to improve the detection performance. The complexity is mainly casued by the multi-user detector. Here two types of detectors are introduced.
 Maximum a posterior Probability (MAP) detector
This type of detectors tries to maximize the a posterior probability of received symbols, which leads to near-optimal performance. By assuming low correlation between adjacent REs and Gaussian noise, the MAP receiving algorithm can be simplified to chip-by-chip receiver. NoMA schemes with bit/symbol-level interleaver or scrambler can reduce the correlation between REs and can facilitate the chip-by-chip MAP receivers. Although MAP receiver has theoretically best performance, the complexity is also considerable. This is caused by the fact that the MAP receiver will calculate the distance between received signal and all the possible combinations of transmitted symbols from all UEs. For example, if QPSK is used for a 6-UE case, the number of all potential combinations of transmitted symbols is . As can be observed, the complexity of MAP algorithm is proportional to , where Q denotes modulation order and K denotes number of UEs. 
For NoMA schemes with sparse mappings, since the number of UEs super-positioned on the same REs will be reduced, the complexity of applying MAP receiver can be reduced with nearly the same detection performance. For example, if sparse mapping with density 0.5 is used for 6-UE case with QPSK, the number of possible combinations of transmitted symbols is , which is reduced significantly. This means that for sparse mapping based NoMA schemes, MAP-based detector can be applied to enhance the detection performance with some level of increased complexity.
Observation 1: the sparsity can provide significantly complexity reduction to Chip-by-Chip MAP receivers.
Another similar detection algorithm is message-passing algorithm (MPA), which is used for codebook-based NoMA schemes, e.g. SCMA and PDMA. MPA is also a near-optimal receiver. However, since calculation of distance between received signal and all possible combinations of codewords from all UEs, the detection complexity is still proportional to the exponential of number of UEs.
 Elementary Symbol Estimator (ESE)
One possible way to reduce the detection complexity is ESE. Unlike chip-by-chip MAP which detects symbols from all UEs at the same times, to decode symbols for one UE, ESE treats signals from other UEs as noise by using central limit theorem. With the aid of Gaussian noise assumption, the ESE detection for one UE is simplified. With the iterative detection and decoding, channel decoding can help improve the detection reliability and the overall performance can be improved. 
From descriptions above, we can observe that ESE detector can be regarded as single-user detector with Gaussian assumption. Only the estimation and calculation of mean and variance of interferences will cause additional operations. As a result, the detection complexity is much lower compared with chip-by-chip MAP detector. The complexity of ESE is proportional to the number of UEs and the modulation order. 
The performance of ESE detector can approach that of MAP receiver at low coding rate region, since the coding gain can compensate the loss caused by detection. However, for high coding rate region, the non-negligible loss caused by ESE can be observed
Observation 2: ESE can provide comparable performance at low coding rate region.
 Serial interference cancelation (SIC) detectors
Above two detectors are suitable for PIC receiver. Another type of receiver is the SIC receiver, whose basic structure is depicted in Fig. 2.


Fig. 2. Basic receiver structure of SIC.
Among this type, MMSE-SIC is a conventional low complexity detection method which shows near-optimal performance. Unlike above detection schemes, MMSE-SIC perform serial interference cancelation, which means that the detection is performed UE by UE. The MMSE detection is used for every single UE’s detection, which follows channel decoding. If the decoded data passes CRC, the corresponding signals are re-constructed and subtracted from the received signal, which will increase the SINR of signals from other UEs. 
If the decoded data and the re-constructed signal are accurate enough, the residual interference is small and the SINRs of other UEs can be enhanced. Under this assumption, the performance of MMSE-SIC can even approach that of MAP detectors. 
Observation 3: If the decoded data and the re-constructed signal are accurate enough, the performance of MMSE-SIC can even approach that of MAP detectors.
For SIC type detectors, the detection order is very important to the performance. Power differentiation among different UEs or channel ordering can benefit the detection performance in terms of both reliability (BLER) and complexity. One potential issue for SIC type detectors is that the accuracy of channel estimation may affect the detection, since both initial detection and signal re-construction rely on the estimated channel. As a result, under real channel estimation, the loss of SIC detector may be relatively larger. Meanwhile, for large number of UEs, the cancelation among various UEs may also have reliability issues and affect the performance, e.g., error propagation.
Overall, the PIC or SIC type receiver may have different pros and cons, and NoMA schemes like IGMA could apply different receivers when have use cases of different requirement on performance and complexity. 
Proposal: Both complexity and BLER performance should be considered when study the receivers for NoMA.
[bookmark: _GoBack]
 Preliminary performance evaluation
In the following figure, we present a simple illustration of IGMA performance by using ESE, chip-by-chip MAP and MMSE-SIC under the simulation assumption given in the appendix.  
[image: ]
Fig. 3. Illustration of performance of three detectors for IGMA
As can be observed, all the three types of receivers show acceptable performance under this evaluation assumption. The MAP and MMSE-SIC receivers show nearly identical performance while the performance of ESE receiver has a little performance degradation, which is less than 0.2 dB. Further evaluations are required to observe the performance of different types of receivers under various evaluation assumptions.
Conclusion
In this contribution, we discussed receiver types for NoMA schemes, and following observations and proposal are presented:
Observation 1: the sparsity can provide significantly complexity reduction to Chip-by-Chip MAP receivers.
Observation 2: ESE can provide comparable performance at low coding rate region.
Observation 3: If the decoded data and the re-constructed signal are accurate enough, the performance of MMSE-SIC can even approach that of MAP detectors.
Proposal: Both complexity and BLER performance should be considered when study the receivers for NoMA.
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Appendix – Simulation assumptions
Table 1. Evaluation assumptions
	Parameters
	Values

	Carrier Frequency
	2 GHz

	Waveform
	CP-OFDM

	Numerology
	SCS = 15 kHz, #OS = 14

	Channel Coding
	Turbo

	Allocated bandwidth
	6 RBs

	TBS (bits)
	144

	Number of UEs
	8

	BS antenna configuration
	2Rx

	UE antenna configuration
	1Tx

	Propagation channel & UE velocity
	TDL-C 300ns in TR38.901, 3km/h

	Max number of HARQ transmission
	1

	Channel estimation
	Ideal channel estimation

	MA signature allocation
	Fixed

	Timing/frequency offset
	0

	Distribution of avg. SNR
	Equal
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