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Introduction
In RAN #75 meeting, the study item on non-orthogonal multiple access for NR has been approved as follows [1]. 
This study will further progress on the evaluation of non-orthogonal multiple access schemes focusing on uplink, and provide recommendation on the non-orthogonal multiple access scheme(s) to be specified later. 
The detailed objectives are to study the following:
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, procedures related to the non-orthogonal multiple access for the new study item are discussed,

Discussion 
In this section, we focus on grant-free MA i.e., for the case when UE can transmit UL data without grant from gNB. In this case, it is inevitable to occur collision among UEs such as reference signal collision and/or MA signature collision. Therefore, how to mitigate collision probability using efficient MA signature allocation/selection scheme is studied. In the following, we reveal our basic view for this issue some of which were addressed in NR study item phase [2], [3]. 
1.1. Two collision types of MA signature 
In grant-free MA, we can think about two different collision type in MA signatures. As agreed in Rel-14 study item, a MA signature includes at least one of the following:
-	Codebook/Codeword
-	Sequence
-	Interleaver and/or mapping pattern
-	Demodulation reference signal
-	Preamble
-	Spatial-dimension
-	Power-dimension
-	Others are not precluded
When considering collisions in NoMA with grant-free MA, collision of DM-RS for channel estimation and the other signatures for carrying data may show different impact. If multiple UEs use the same DM-RS, the data decoding generally fail with a very high probability. While multiple UEs use the same MA signature but they use different DM-RS, the data decoding may be successful depending on the data received power with the help of advanced receiver. Therefore, the effect of the collision of DM-RS and MA signature must be different. 
In order to control the collision probability in a systematic way, the linked relation between a DM-RS and one or more of MA signatures is needed. The collision probability depends on the size of resource pool and the relation of DM-RS and MA signature pool. The size of DM-RS resource pool (N) and signature (e.g. code, sequence, interleaver pattern, precoding matrix, or etc.) resource pool (M) that UE can use in a specific MA physical resource can be different and following mappings can be considered: 
· 1:1 mapping of DM-RS and each signature if N>=M
· n:1 mapping of DM-RS and each signature if N>=M
· 1:n mapping of DM-RS and each signature if N<M
· Random mapping of DM-RS and each signature 
On the other hands, considering data decoding process at the receiver side, it would be beneficial to match DM-RS resource and signature resource in order to reduce MUD complexity and we consider 1:1 mapping of DM-RS and MA signature. In other words, the receiver firstly detects DM-RS and performs channel estimation, and then tries to decode data using the channel estimation results. If a DM-RS is mapped to a specific MA signature, the receiver does not necessarily search to detect which MA signature is transmitted again as long as it detects which DM-RS is transmitted. 
Proposal 1: Mapping rules of DM-RS and MA signature except DM-RS needs to be studied. 
1.2. HARQ support 
In this subsection, we discuss HARQ operation for grant-free transmission. It is well known that the HARQ operation is useful to increase decoding probability by combining of multiple transmissions. However, the UE information is delivered MAC messages in contention based MA in general, data combining at the receiver side cannot be used if the receiver fail to decode UL data even though the UE retransmits the data. Therefore, HARQ operation support is a somewhat challenging issue in contention based MA. So, we need to study mechanism (e.g., pattern based transmission, separated UE ID signaling, etc.) on how to combine retransmission data at the receiver in contention based MA.
For example, it is worth studying a possibility of HARQ support only when the receiver is able to identify who tried data transmission while it fails to decode of the data. In this case, HARQ operation can be supported. Therefore, we can consider signaling of UE ID along with UL data transmission in order to make data combining at the receiver possible. In other words, it is proposed that UE ID is transmitted in physical layer signaling with a possibility of high protection. 
Proposal 2: The HARQ operation can be supported in order to get high reliability of data in grant-free transmission.
1.3. Power control 
Decoding failure may result from one more reasons as described above, for example hard/soft collision and insufficient received energy. If transmission fails due to insufficient received energy, the UE can ramp up power to increase success rate. On the other hand, we can consider the case when collision is a dominant reason in failure. In this case, it is unclear that simple ramping up is a proper solution. Therefore, it is necessary to properly adapt transmit power for retransmission. 
In addition, NoMA scheme can be considered for grant-free MA in order to achieve multiple access channel capacity. Successive interference cancellation receiver can be applied, which affects power control mechanism.

1.4. MA signature allocation based on UE geometry
In our contribution [4], we show that the PAPR characteristics of NCMA sequences vary through the simulation. For cell coverage extension and power limited UE, the PAPR is an important issue. For example, the cell-edge user can be assigned with sequence pool with lower PAPR, while cell-center user can be allocated with relatively higher PAPR compared to sequences with lower PAPR. By doing so, we can get more throughput enhancement for power limited UE (i.e., cell-edge user), and this can be utilized for extending cell coverage especially for MTC scenario. 

In order to exploit this enhancement, gNB needs to assign a sequence each UE based on feedback or UL reference signal by using DCI in the control channel. However, in the grant-free MA, the different way needs instead of explicit way via DCI. One of solutions is for example, the NoMA system with two sequence pools where a sequence is selected from UE in an implicit way. One is a set of sequences with relatively low PAPR, the other is a set of sequences with relatively high PAPR. UE can select a sequence from a sequence pool based on UE geometry related to parameters such as power measurement of DL reference signal, or power header room. 

Proposal 3: In grant-free transmission, NoMA sequence pool allocation/selection based on PAPR need to be considered.  

Conclusion
In this contribution, we discussed procedure associated with NoMA in NR. The proposals based on the discussion are given as follows:
Proposal 1: Mapping rules of DM-RS and MA signature except DM-RS needs to be studied. 
Proposal 2: The HARQ operation can be supported in order to get high reliability of data in grant-free transmission.
Proposal 3: In grant-free transmission, NoMA sequence pool allocation/selection based on PAPR need to be considered.  
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