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Introduction
A Rel-15 study item on NOMA for 5G NR was approved in March 2017 [1] based on an initial study in the Rel-14 NR SI. Though the SI was put on hold until February 2018 in order to allow more time for NR Rel-15 normative work, offline discussion with e-mails and workshops have been made to push forward the progress of the SI. A total of 15 NOMA schemes have been proposed until RAN1#86 meeting, wherein  all these schemes for UL transmission are summarized as using MA signature(s) at the transmitter side and supporting a multi-user detector at the receiver side. As suggested in [1], receivers for NOMA may include MMSE receiver, successive/parallel interference cancellation (SIC/PIC) receiver, joint detection (JD) type receiver, combination of SIC and JD receiver, or other receivers. This study should consider performance, receiver complexity, etc. 
In this contribution, we share our views on potential NOMA receivers.

Evaluation Criteria of NOMA Receivers
As depicted in Figure 1, different NOMA schemes may use different detection algorithms at the receiver side. Receivers such as MMSE-SIC, MPA, SIC-MPA, EPA, ESE, were all proposed during the Rel-14 SI.
Advanced receivers can achieve the potential gain of NOMA for a good trade-off between the performance and the receiver complexity. However, as the Rel-15 NOMA SI mainly focuses on the uplink, receiver complexity may not be the most significant problem since present and future base stations usually have much higher processing capabilities which can easily support non-linear receivers. Therefore, we propose that further study should mainly focus on performance considering the application scenario.
Proposal 1: Further study for NOMA in Rel-15 SI should mainly focus on performance considering the application scenario.




Figure 1:Illustration of configurable components under the unified framework at transmitter and receiver side.
UE Activity Detection for UL Grant-free NOMA
For UL grant-free transmission, gNB does not know which UE will transmit. For UE activity detection at receiver side, there are two options.
· Option1) UE activity detection by DMRS
As shown in Figure 2, DMRS can be used by the gNB to determine which UEs transmitted on of UL grant-free physical resources. As DMRS will only be transmitted by active UEs for data demodulation, it is an indicator of UE activity, and also an indicator of the MA signature if the association between DMRS and MA signature is known.


Figure 2:Illustration of UE activity detection by DMRS.

· Option2) Blind UE activity detection by data
In [3], blind MMSE-SIC detection method was proposed for data-only MUSA.
As option 2 is based on a specific detection algorithm, option 1 (UE activity detection by DMRS) can be a good starting point for the Rel-15 NOMA SI. 
Proposal 2:  UE activity detection based on DMRS is the starting point for the Rel-15 NOMA SI.
Typical Receivers for Data Detection for UL Grant-free NOMA
Figure 1 shows some examples of advanced receivers discussed in Rel-14, e.g., MMSE-SIC, MPA/EPA, ESE, etc. These receivers and other non-linear receivers can be used for further NOMA study. In the following, the basic procedures of these receivers are depicted, where MPA in Figure 1is also named as BP and BP-IDD.
4.1 SIC
As shown in Figure 3, the basic idea of Successive Interference Cancellation (SIC) receiver is to reconstruct a user’s signal and then subtract it from the received signal. The construction could be carried out either at symbol level or codeword level. For the symbol level SIC (SL-SIC), the construction is made from the demodulated symbols. Instead, the codeword level SIC (CW-SIC) is based on signal construction from decoded data bits. As channel decoding is able to correct most errors, CW-SIC is expected to perform better than SL-SIC.


Figure3: Illustration of SIC receiver.
4.2BP and BP-IDD
Belief Propagation (BP) algorithm has been demonstrated to be able to approach MAP detection asymptotically [4]. The basic principle of BP based Iterative Detection and Decoding (BP-IDD) algorithm is that the decoded bit log likelihood ratio(bit-LLR) is fed back from the channel decoder and converted to symbol-LLR as the a priori information of the BP detector. There are two iterative processes in the BP-IDD receiver, one is an inner iterative processing of BP detector and the other is an outer iterative processing between the BP detector and the channel decoder. As shown in Figure 4, besides a traditional BP multi-user detector, the BP-IDD receiver includes multiple parallel iterative processes, each of which is composed of modules of deinterleaver, channel decoder and interleaver. Here soft information is transferred between the multi-user detector and the channel decoder, in the form of LLR.


Figure 4: Illustration of BP-IDD receiver.
4.3 EP and EP-IDD
As analyzed in [5], Expectation Propagation (EP) algorithm is a technique in Bayesian machine learning for approximating posterior beliefs with an exponential family. Following the same principle of BP-IDD algorithm, EP based Iterative Detection and Decoding (EP-IDD) algorithm can also be achieved, where the decoded extrinsic information is fed back from channel decoder and converted to probability as a priori information of the EP detector.


Figure 5:Illustration ofEP-IDD receiver.

4.4 Comparison of different receivers
Among the detection algorithms described above, it is expected that the performance is similar at low spectral efficiency. For medium spectral efficiency, it is expected that BP-IDD and EP-IDD have better performance and EP and EP-IDD may have similar performancewith BP and BP-IDD, respectively with lower complexity.




Table 1 summarizes computation complexity of the above five detection algorithms. Here, M denotes the size of modulation constellation, ,  and  represent IDD inner iteration number, outer iteration number, and maximum row weight of PDMA pattern matrix. The number of additions of IDD receiver is about times of no IDD case [6]. It should also be noted that the computation of Turbo decoder is not accounted.
It can be observed that EP has evidently decreased the computation complexity.As the processing ability of a gNB is usually more powerful compared with that of a user terminal, BP-IDD, EP-IDD, BP,EP and SIC can all be considered in the uplink.
Table 1: Computation complexity per modulation symbol
	Algorithm
	Complexity Order
(only dominant part is considered)

	SIC
	


	BP
	


	BP-IDD
	


	EP
	


	EP-IDD
	




Proposal 3: BP-IDD, EP-IDD, BP,EP and SIC are all potential receivers for data detection for UL NOMA.
[bookmark: _GoBack]Conclusion 
In this contribution, we shared our considerations on NOMA receivers and also present potential receivers for PDMA with following proposals.
Proposal 1: Further study for NOMA in Rel-15 SI should mainly focus on performance considering the application scenario.
Proposal 2:  UE activity detection based on DMRS is the starting point in Rel-15 NOMA SI.
Proposal 3: BP-IDD, EP-IDD, BP,EP and SIC are all potential receivers for data detection for UL NOMA.
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