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[bookmark: _Ref502226865]Introduction
According to the NOMA WID [4], the WI contains the following receiver design aspects: 
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.
This contribution discusses high-level considerations related to NR UL NOMA receiver design at a gNB and reference receiver selection for NOMA evaluation.  
Discussion
General
By the nature of NOMA transmission, multiple signals are received non-orthogonally and the overlapping signals must generally be separated by the receiver prior to decoding. This has similarities with e.g. MU-MIMO signalling if the spatial selectivity of the receiver is insufficient to fully separate the users. But while in the conventional orthogonal access the individual signals are often separable at the receiver with a moderate effort, NOMA signals with overloaded allocation deliberately share resources and incur poor demodulation and decoding quality without express efforts at the receiver to address the cross-correlation. 
Receiver types considered
Linear receivers
Linear receivers, e.g. LMMSE, offer low-complexity demodulation but often yield suboptimal performance due to noise enhancement and insufficient interference suppression ability. Certain linear receivers, e.g. IRC receivers for MU-MIMO signal separation, work best when the transmission setup ensures that inter-user interference is moderate.
SIC receivers
Codeword-level Successive IC (CW-SIC) receivers are known to enable capacity-reaching sum rates over multi-user channels if rate scheduling is done assuming a certain decoding order and the same order is applied at the receiver.
Symbol-level SIC (SLIC) receivers have lower complexity but do not take advantage of the coding gain available from invoking the decoder in the multiple-user detection process. Symbol-level SIC receivers are known to work particularly robustly in practice when large power or MCS differences are present in the received signal set.
JD receivers
Joint detection of multiple UEs’ signals at the symbol level improves demodulation performance due to accounting for, not suppressing, the cross-talk between the users’ signals. However, it amounts to evaluating an exponentially larger-dimensional search space and therefore requires much higher receiver complexity. Reduced-complexity variants of JD exist, e.g. the sphere decoding or SLIC receiver [1].
JD receivers may also be combined with LMMSE and SIC techniques. For example, a small number of dominant users can be JD-detected while the rest are linearly suppressed, then the process is repeated after subtracting the detected users’ signals.
Belief propagation receivers
BP receivers enable codeword-level IC while utilizing common information elements in modulation and coding structures. Turbo-equalizers for multiple users and related receiver architectures for codeword-level processing perform best among the common multi-user receiver structures, but also are generally most complex to implement.
NOMA receiver evaluation example
In [2], numerous NOMA schemes and corresponding preferred receiver structures have been presented. Different signature schemes presume different receiver types, and the choice or limitations of receiver complexity affect the performance of the schemes differently. Naturally, schemes that allow lower-complexity detection are preferable. 
In Figure 1 (cf. simulation assumptions in [3], we compare WSMA4 and OMA performance when power control is imperfect and the variation on the long term received power is modelled as uniformly distributed in the interval dB. We can see that even without perfect power control, the WSMA system shows robustness and is still superior to OMA. A likely reason is that the asymmetry in the received power levels can be exploited by the ordered MMSE-SIC receiver and benefit the UEs that dominate the aggregate signal. This hints that, in scenarios where lack of power control may lead to variations in the received power of the overlapping streams, NOMA with an OMMSE-SIC receiver can be favorably compared to OMA since it can turn imperfect power control into an advantage for the system. 
[bookmark: _Ref479260546][image: ]
[bookmark: _Ref479261217]Figure 1: Sum-rate performance of OMA and WSMA4 for a system with QPSK, 2 receive antennas at the gNB and imperfect power control, such that the long-term average SNR is uniformly distributed in the interval  around each target SNR value on the x-axis.

Based on these results, we have the following observation: 
[bookmark: _Toc485122758][bookmark: _Toc485148414][bookmark: _Toc485287952][bookmark: _Toc506507831]Symbol-level MMSE-SIC type of receivers, e.g. OMMSE-SIC, are versatile and robust for WSMA-based NOMA reception.

Reference receiver selection for NOMA evaluation
The goal of the NR NOMA study item is to investigate a NOMA system solution that performs well in a practical, complexity-limited gNB implementation. To derive useful conclusions and guidelines from the WI, the evaluation should reflect the practically achievable performance. The reference receiver chosen in the WI should therefore be a practically feasible candidate for implementation.
[bookmark: _Toc506507832]NOMA evaluation should reflect a receiver structure that is likely to be implemented in gNB products.
We refer to the basic multiple access in NR as conventional OMA, where users are multiplexed to different resources in the time/frequency grid. In many uplink multiple access scenarios, MU-MIMO will be used in NR to accommodate more users than permitted by time/frequency multiplexing alone. NOMA transmission may be viewed as a further additional tool for augmenting OMA or MU-MIMO in cases where the spatial degrees of freedom also become insufficient. The augmentation takes the form of additional user separation using signature sequences to help JD or other MU receivers work better.
It is not attractive for a practical gNB implementation to include multiple MU receiver structures; rather, a common design is preferred. In particular, it will not be attractive to implement higher-complexity, e.g. BP, receivers solely for mMTC use cases where the NOMA techniques are primarily considered.
[bookmark: _Toc506507833]A commercial gNB preferably implements a single UL MU receiver architecture for different multiple-access signal demodulation scenarios, including MU-MIMO and NOMA.
1. [bookmark: _Toc506507834]NOMA designs should target receiver architectures that support OMA, MU-MIMO as well as NOMA reception. 
Given the commercial receiver complexity and processing latency concerns, it is preferable to operate NOMA reception on symbol-level instead of codeword-level. Therefore, a preferred outcome of the WI is to identify a signature sequence scheme that works well with symbol-level demodulation while realizing a large fraction of possible NOMA performance gains. 
1. [bookmark: _Toc506507835][bookmark: _Toc506507836][bookmark: _Toc506507837][bookmark: _Toc506408681][bookmark: _Toc506507838]NOMA signature design should target the lowest receiver complexity needed to attain performance gains, while being scalable to a wide variety of MCS states
MU-MIMO is an established transmission configuration and can be seen as a special (non-overloaded) case of NOMA. It will therefore serve as a natural baseline for evaluating possible performance gains from NOMA. For a fair comparison, MU-MIMO and NOMA must be compared using the same receiver complexity, as closely as possible. For example, it would be unfair to compare a linear MU-MIMO receiver performance to a SIC or JD receiver performance for NOMA. E.g., if a MMSE-SIC receiver is used for receiving NOMA signals according to a candidate scheme, a receiver with a similar complexity should also be used for the baseline MU-MIMO scheme.
1. [bookmark: _Toc506507839][bookmark: _Toc506507840]Both OMA and MU-MIMO should be baseline schemes to compare NOMA against. Performance evaluation of all schemes should be performed at similar receiver complexities.
Conclusions
In this contribution, the following observations and conclusions were made: 

Observation 1	Symbol-level MMSE-SIC type of receivers, e.g. OMMSE-SIC, are versatile and robust for WSMA-based NOMA reception.
Observation 2	NOMA evaluation should reflect a receiver structure that is likely to be implemented in gNB products.
Observation 3	A commercial gNB preferably implements a single UL MU receiver architecture for different multiple-access signal demodulation scenarios, including MU-MIMO and NOMA.
[bookmark: _Hlk492593645]
Proposal 1	NOMA designs should target receiver architectures that support OMA, MU-MIMO as well as NOMA reception.
Proposal 2	NOMA signature design should target the lowest receiver complexity needed to attain performance gains, while being scalable to a wide variety of MCS states
Proposal 3	Both OMA and MU-MIMO should be baseline schemes to compare NOMA against; performance evaluation of all schemes should be performed at similar receiver complexities.
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