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1	Introduction
According to the NOMA WID [2], the SI 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.  
[bookmark: _Ref178064866]2	Discussion
2.1 	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. 
2.2	NOMA in the full context of network operations 
In basic multiple access in NR, conventional OMA, users are multiplexed to different resources in the time/frequency grid. In many uplink multiple access scenarios, MU-MIMO will additionally be used to accommodate more users than permitted by time/frequency multiplexing alone. NOMA transmission may then be viewed as a further additional tool for augmenting OMA or MU-MIMO in cases where the spatial degrees of freedom are insufficient. The augmentation takes the form of additional user separation using signature sequences to help JD or other MU receivers work better. MU-MIMO and NOMA will likely be applied simultaneously but they may be viewed as complementary mechanisms for facilitating overloading.
In the present scope of NOMA, e.g. small-packet UL data transmission to support low-latency services, the technique will be applied to a relatively small fraction of the total bandwidth and in a subset of time slots.  Potential capacity increase in those resources due to applying NOMA, compared to the total network capacity, may therefore be limited. 
If the net capacity or spectral efficiency gain due to NOMA is moderate, it is not attractive for a practical gNB implementation to include multiple different MU receiver structures. In particular, an additional high-complexity NOMA receiver architecture is not desirable, given the limited marginal capacity gains. For example, it will not be attractive to implement high-complexity receivers solely for mMTC use cases where the NOMA techniques are often considered. Rather, a common MU receiver architecture is preferred that can be motivated by non-NOMA MU-MIMO configurations as well.  
Some companies have suggested during the NOMA study item that MU-MIMO can only be used with dynamic grant-based operation in Rel-15 NR.  This does not seem to be the case, and MU-MIMO is essentially the same in dynamic grant based and in type 1 (‘grant-free’) and type 2 (‘semi-persistently scheduled’) configured grant operation.  NR Rel-15 operation of MU-MIMO with configured grants is described in detail in a companion paper [4].
In order for the NOMA feature to be attractive for network vendors to implement and for operators to deploy, the additional gNB receiver complexity must stand in relation to the capacity gains or other performance gains obtained from NOMA. It has been noted in multiple papers that advanced receiver structures show advantages primarily in high overloading conditions. If the additional complexity cost for supporting high overloading factors is high, it may be preferable to e.g. limit the overloading factors by allocating more resources to the NOMA operation. In the use cases considered in the SI, the additional resources amount to a small fraction of the total cell capacity. It should further be kept in mind that, according to initial system-level analysis [6], the high-overloading scenarios targeted for NOMA may occur in certain particular conditions that are not typical. 
[bookmark: _Toc513704170][bookmark: _Toc513810424]A commercial gNB preferably implements a single UL MU receiver architecture for different multiple-access signal demodulation scenarios, including regular MU-MIMO and NOMA, regardless of whether dynamic or configured grant-based scheduling is used.
[bookmark: _Toc513704171][bookmark: _Toc513810425]Due to the low total capacity impact of NOMA scenarios, the NOMA feature is likely to be implemented only if the receiver complexity increase compared to MU-MIMO is moderate.
[bookmark: _Toc513704172][bookmark: _Toc513810426]If the incremental cost of NOMA receiver for high overloading conditions is considerable, an operator may prefer avoiding high overloading by allocating additional resources to NOMA mode operations.
2.3		Preferred receiver configurations
Since the success of NOMA as an NR feature depends on limited incremental complexity, this aspect should be emphasized in NOMA scheme designs and as scheme a selection criterion. 
It may be added that some spreading sequence (SS) designs, in conjunction with suitable user grouping, can provide full orthogonality between a relevant subset of users so that non-linear interference mitigation is not required at all [3].
1. [bookmark: _Toc506507834][bookmark: _Toc510524982][bookmark: _Toc510614863][bookmark: _Toc510699706][bookmark: _Toc510793928][bookmark: _Toc513589394][bookmark: _Toc513810427]NOMA signature designs should target receiver architectures that attain performance gains with a limited processing overhead compared to conventional MU-MIMO reception. 
Clearly, features like joint demodulation and iterative decoding with soft information exchange incur significant incremental complexity compared to a linear MMSE receiver typically used for MU-MIMO. In our view, this makes NOMA schemes that rely on such receivers for good performance not well suited for practical implementation.
One receiver structure category that appears attractive for a NR gNB is the MMSE-SIC receiver. It is a good compromise between non-linear interference mitigation ability and incremental complexity and design effort compared to the baseline MU-MIMO receiver.
· At each detection stage, single-user detection is performed. The linear receiver is complemented with covariance matrix inverse update, regeneration and subtraction. In contrast to iterative approaches, each user is decoded only once.
· Due to the single-user nature of each detection stage, it is suitable for blind MCS detection of the NOMA users – each demodulation/decoding process incorporates uncertainly with respect to only one user.
· MMSE-SIC receiver can be implemented with IC at the CW- or symbol-level
More details on incremental complexity of the MMSE-SIC receiver complexity is provided in Section. 2.4.
The performance results in [5] indicate that symbol-level MMSE-SIC can realize performance improvements, approaching the achievable gains, using the WSMA SS scheme.
Symbol-level application of SS leads to NOMA receivers that are similar to conventional MU-MIMO. This is in contrast to e.g. bit-level SS application that require a substantially different RX structure. (This is in addition to significantly modified UE-side TX processing.)
The performance of NOMA schemes should not be compared irrespective of the receiver complexity, but a common-complexity baseline should be established. Further performance potential from more advanced receiver structures can additionally be assessed. Schemes requiring significantly more complex receivers should be prioritized only if their associated performance improvement is considerable.
1. [bookmark: _Toc513589395][bookmark: _Toc513810428]MMSE-SIC receiver should be used as a baseline receiver for NOMA scheme comparison. Additional performance figures may be provided for additional receiver architectures.
2.4	Common MMSE-SIC receiver for unified MU-MIMO/NOMA reception 
To exemplify the incremental impact of NOMA reception on top of a MUM-MIMO receiver, Figure 1 depicts the relevant processing stages for a 3-user example. Blocks with white background are present in the MU-MIMO MMSE receiver. Blocks with orange background are added to support SIC for NOMA reception. 
[bookmark: _GoBack][image: ]
It may be seen that the additional complexity originates from
· Recomputing the covariance matrix after removing a previously decoded user.
· Re-encoding the decoded user (for CW-level MMSE-SIC)
· Signal regeneration of the decoded user
· Subtraction of the decoded user’s signal
(We have shown the MU-MIMO weight computations in terms of per-user combining weight processing, which is computationally equivalent to matrix processing in conventional notation.)
Considering the larger incremental complexity incurred by joint/iterative structures (due to repetitive demodulation and decoding of all users), the MMSE-SIC receiver is more likely to be implemented by NW vendors.



Conclusion
In the previous sections we made the following observations: 
Observation 1	A commercial gNB preferably implements a single UL MU receiver architecture for different multiple-access signal demodulation scenarios, including regular MU-MIMO and NOMA, regardless of whether dynamic or configured grant-based scheduling is used.
Observation 2	Due to the low total capacity impact of NOMA scenarios, the NOMA feature is likely to be implemented only if the receiver complexity increase compared to MU-MIMO is moderate.
Observation 3	If the incremental cost of NOMA receiver for high overloading conditions is considerable, an operator may prefer avoiding high overloading by allocating additional resources to NOMA mode operations.

Based on the discussion in the previous sections we propose the following:
Proposal 1	NOMA signature designs should target receiver architectures that attain performance gains with a limited processing overhead compared to conventional MU-MIMO reception.
Proposal 2	MMSE-SIC receiver should be used as a baseline receiver for NOMA scheme comparison. Additional performance figures may be provided for additional receiver architectures.
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