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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved.  The technical specifications were agreed during the December RAN meeting. However, during the initial phase of NR SI, RAN1 studied on non-orthogonal multiple access (NOMA). Due to the necessity of completion of more urgent features, NOMA was delayed in NR. The main objectives of NOMA study are
Non-orthogonal multiple transmission scheme
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 details on NOMA procedures. Note that we focus mainly on grant based technique as envision NOMA should be applicable for all scenarios rather than only limited scenarios. 
Adaptation between NOMA and Orthogonal Transmission 
Assuming the following structure as shown in Figure 1 is used for NOMA transmitter, where the data symbols are spread, we prefer to have a solution where the network can indicate to the UE to choose between NOMA and OMA (orthogonal multiple access). This is because NOMA may not be useful in the all the scenarios.  As a joint framework for NOMA and OMA, we propose that the network should indicate this information via spreading factor in the downlink control channel. Note that this is applicable for grant based transmissions.  For example, if the spreading factor is equal to 1, then it indicates to the UE that the network uses OMA based technique for this UE, while SF >1 is an indication of NOMA. This will benefit the scheduler when to choose NOMA and when to choose OMA.
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Figure 1 Transmission chain for NOMA
Proposal 1:  For grant based transmissions, spreading factor should be indicated in the downlink control channel for smooth transition between NOMA and OMA
Link Adaptation for NOMA 
Another interesting procedure is how to perform link adaptation for NOMA applications. Since MMSE SINR is well known expression, the conventional LA is done by assuming a MMSE receiver. However with NOMA either using a joint MAP receiver or SIC receiver, there is no closed form expression for SINR.  In this section, we outline a technique for computing the SINR of advanced receiver such as MLD/MAP detectors. 



1. Compute the soft bits from the output of the joint detector such as MLD/MAP
2. From soft bits compute the statistics of soft symbols i.e. the mean and the variance of the soft symbol as
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and the probability of each symbol in the constellation as
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3. Obtain the symbol probability it obtain the noise co-variance as  
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Where R is the received vector per each sub carrier, H is the channel matrix estimated, Si is the symbol for the PDSCH constellation and P is the probability of the complex symbol computed in step 2 
4. Compute the noise covariance as in step 3 and computes the SINR as signal power/noise co-variance. In general signal power is assumed to be unity for constellation for QPSK, 16 QAM, 64 QAM and 256 QAM.
5. From the SINR, map the corresponding MCS which corresponds to 10% threshold and schedule the UE with the corresponding MCS 


Proposal 2:  RAN1 should study techniques for finding the approximate expression SINR for NOAM receivers for performing LA in NOMA scenarios
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Proposal 3:  For performing link adaptation using advanced receivers the above method is captured in TR 
Conclusions
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Proposal 1:  For grant based transmissions, spreading factor should be indicated in the downlink control channel for smooth transition between NOMA and OMA
Proposal 2:  RAN1 should study techniques for finding the approximate expression SINR for NOAM receivers for performing LA in NOMA scenarios
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