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1. Introduction 

In RAN #75 meeting, a new study item regarding non-orthogonal multiplexing access (NOMA) technique was approved [1]. The objectives of NOMA SI are shown as follows.
	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, we provide our considerations for design of NOMA receivers.

2. General Rx discussion
The motivation for Rx discussion is for complexity comparison and performance comparison. There is no need to dive into too much implementation details. The basic components of Rx should be listed and classified into a limited number of categories. Based on such categorization, Tx schemes could be compared under the same Rx complexities. 
· Proposal 1: NR Rx discussion should focus on the typical receiver classification and should not take consideration of details for performance and complexity comparison. 
For NOMA transmission, the basic components of Rx at least include the following:
· Asynchronous timing acquisition
· Symbol level processing
· Bit level processing

Current implementation of typical receivers includes various combinations of above three components. For these different combinations, the challenging part in Rx includes the following. 
· MU detection at the symbol level processing

· Symbol level SIC

· Joint soft MU
· Iteration between bit level processing and symbol level processing

· Hard SIC/EPA
· Soft SIC or PIC
· Large number of blind decoding at bit level processing and symbol level processing
· Asynchronous timing acquisition
Since pool-based MA signature design may cause ambiguity at the Rx side, the gNB may need to blindly decode various kinds of combinations. Such blind decoding should be avoided as much as possible. We propose to define the following complexity class for comparison between different schemes.
· Proposal 2: The following Rx complexity classes are defined. Performance of different Tx schemes are compared under the same Rx complexity class.
· Class 1-0: Requires symbol level processing and symbol level processing grows linearly with number of UEs and modulation order;

· Class 1-1: Requires symbol level processing and symbol level processing complexity grow exponentially with number of UEs and modulation order;

· Class 1-2: Requires blind decoding at symbol level;

·  Class 2-0: Requires iterative processing between bit level decoding and symbol level demodulation. Symbol level demodulation part grows linearly with number of UEs and modulation order;

· Class 2-1: Requires iterative processing between bit level decoding and symbol level demodulation. Symbol level demodulation part grows exponentially with number of UEs and modulation order;

· Class 2-2: Requires blind decoding and iterative processing between symbol level and bit level iteration.
The above classification is applicable to both synchronous and asynchronous scenarios. The schemes proposed for synchronous and asynchronous scenarios should be compared separately under the same class of Rx defined above.
· Proposal 3: For asynchronous scenarios, Rx classification is also based on Class 1-0/1-1/1-2/2-0/2-1/2-2.
Considering the large delay introduced by iterative processing between bit level and symbol level, symbol level linear/non-linear SIC/demodulation/equalization should be the major considerations for NOMA receiver performance comparison. For such MUD receivers, its complexity grows with number of UEs/modulation orders/number of Rx antennas [image: image2.png]O(N,,Q"vE)



. If symbol level SIC is used, then its complexity could be reduced to [image: image4.png]O(Ng NyzQ )



. With more Rx, if linear processing is used properly, its complexity and performance could be further improved.
· Proposal 4: Tx scheme performance under Rx Class 1-0/1-1 should be the major metric for comparision.
3. Conclusion

In this contribution, we provide our considerations for design of NOMA procedures for NOMA study. The proposals are summarized below.
· Proposal 1: NR Rx discussion should focus on the typical receiver classification and should not take consideration of details for performance and complexity comparison. 
· Proposal 2: The following Rx complexity classes are defined. Performance of different Tx schemes are compared under the same Rx complexity class.
· Class 1-0: Requires symbol level processing and symbol level processing grows linearly with number of UEs and modulation order;

· Class 1-1: Requires symbol level processing and symbol level processing complexity grow exponentially with number of UEs and modulation order;

· Class 1-2: Requires blind decoding at symbol level;

·  Class 2-0: Requires iterative processing between bit level decoding and symbol level demodulation. Symbol level demodulation part grows linearly with number of UEs and modulation order;

· Class 2-1: Requires iterative processing between bit level decoding and symbol level demodulation. Symbol level demodulation part grows exponentially with number of UEs and modulation order;

· Class 2-2: Requires blind decoding and iterative processing between symbol level and bit level iteration.
· Proposal 3: For asynchronous scenarios, Rx classification is also based on Class 1-0/1-1/1-2/2-0/2-1/2-2.
· Proposal 4: Tx scheme performance under Rx Class 1-0/1-1 should be the major metric for comparision.
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