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1 Introduction
In RAN #75 meeting, a new SI on the evaluation of Non-orthogonal Multiple Access (NOMA) technique was approved [1]. The detailed objectives of procedures related to NOMA according to the SID are to study the following:
	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


In addition, in the RAN1 #86 meeting, it is agreed that:
	Agreement:
· At least the following options for “autonomous/grant-free/contention based” UL transmission should be studied

· Opt. 1: a UE performs random resource selection

· Details FFS

· Opt. 2: a UE’s resource is pre-configured by eNB or pre-determined

· Details FFS

· Other options are not precluded

Agreements:
· A MA resource is comprised of a MA physical resource and a MA signature, where 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

· Details on MA physical resource and MA signature resource FFS 


In this contribution, we discuss the procedures related to NOMA, focusing on the UE activity detection for UL transmission and the MA signature allocation/selection.
2 Discussion on Procedures Related to NOMA
2.1. UE activity detection for UL transmission
For grant-based transmission, the gNB already knows the activity of UEs and their allocated resources. However, for UL transmission with configured grant, UE activity is blind to receiver. The gNB needs to identify which UE is under transmission, especially in the scenario of mMTC with massive low-rate UEs. Due to the sporadic nature of UL transmission, sparse K UEs are active among total N UEs while others are inactive in a given time slot. The potential UE list contains total N UEs. However, the actual active UE list only has K UEs, where N>K. Thus, UE activity detection becomes an indispensable prerequisite for the multi-user detection (MUD) receiver. 
Observation 1: Due to the sporadic nature in mMTC scenario, the number of simultaneous active UEs would be excessively low during UL transmissions. 

UE activity detector takes an important role as a pre-filter to rule out those inactive UEs in the potential UE list. To perform effective UE activity detection, instead of having all UEs push their data to the receiver, we can pull the data from only a subset of devices, since the UE activity is sparse. Then, recover the data of all UEs through specific reconstruction scheme. Thus, we can reduce signalling overhead, avoid congestion, and improve latency in sampling large amounts of UL data.
Proposal 1: UE activity detector should be studied in NOMA, at least for the scenario of mMTC.
2.2. MA signature allocation/selection
Differ from conventional OMA schemes, NOMA schemes can accommodate more UEs by allowing multiple UEs to share same physical resources (time/frequency) via power domain or code domain multiplexing. In other words, in OMA schemes, DMRS should be equal to the number of total potential UEs. When it comes to supporting more and more UEs in the grant-free transmission with sporadic characteristics, the number of total potential UEs would exceed the number of available DMRS and MA signatures. Thus, DMRS extension and more distinguishable MA signatures are required to ensure accurate reconstruction and interference cancellation. In this case, Zadoff-Chu sequence, known as a root sequence, could act as the starting point for preamble design due to its wide usage for communication systems. With different root indices and cyclic shift, the Zadoff-Chu sequence exhibit the useful property that cyclically shifted versions of themselves are orthogonal to one another. 
Observation 2: More distinguishable MA signatures are required to ensure accurate reconstruction and interference cancellation under massive connectivity. 

Proposal 2: Zadoff-Chu sequence could be the starting point for preamble design.
The collision of MA signatures would happen especially for configured grant. UEs could randomly select the resources by themselves. The random selection will lead to potential collision of DMRS and MA signatures, when more than one UE use the same MA signature for transmission.  In addition, the non-orthogonality (cross-correlation) among the UE specific MA signatures could severely degrade system performance. Thus, there is a trade-off between the collision rate and the DMRS/preamble average cross-correlations. The MA signatures with higher average cross-correlations can support more UEs. However, the MA signatures become harder to be distinguished. Therefore, the allocation/selection of MA signatures with collision-aware design should be investigated. 
Proposal 3: The allocation/selection of MA signatures for UEs with collision-aware design should be investigated, at least for configured grant.
3 Conclusions
In this contribution, procedures related to NOMA are discussed. We provide our views and make the following observations and proposals:

Observation 1: Due to the sporadic nature in mMTC scenario, the number of simultaneous active UEs would be excessively low during UL transmissions. 

Observation 2: More distinguishable MA signatures are required to ensure accurate reconstruction and interference cancellation under massive connectivity. 

Proposal 1: UE activity detector should be studied in NOMA, at least for the scenario of mMTC.
Proposal 2: Zadoff-Chu sequence could be the starting point for preamble design.

Proposal 3: The allocation/selection of MA signatures for UEs with collision-aware design should be investigated, at least for configured grant.
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