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Introduction
In the SID [2], the study on non-orthogonal multiple access (NOMA) will further progress on the evaluation of NOMA schemes focusing on uplink and provide recommendation on the NOMA scheme(s) to be specified later. Agreements, observations and evaluation assumption in Rel-14 study shall be the starting point. The detailed objectives are to study the non-orthogonal multiple transmission scheme for the following:

· Transmitter side signal processing schemes for non-orthogonal multiple access 
· Receivers for non-orthogonal multiple access
· Procedures related to the non-orthogonal multiple access  
· Link and system level performance evaluation or analysis for non-orthogonal multiple access

A common solution for mMTC, URLLC and eMBB small packet is targeted. NOMA studies in 3GPP started with the NOMA SI in Rel 14 where different NOMA schemes were investigated. Up to RAN1#86b meeting, preliminary simulations were performed and the NOMA schemes were shown to provide significant benefits and gains in throughput, overloading and handling large packet arrival rates. The results were described and summarized in [1] and captured in TR38.802 which includes the simulation assumptions. At RANP #75, a new Study Item on NOMA was approved and further revised at RANP #76 [2]. 
In this contribution, we discussed the procedure aspects related to NOMA. Particularly, we considered and discussed the collision issues and handling for NOMA. 

Collision Handling for Non-Orthogonal Multiple Access
According to SID [2], the objective of procedures related to NOMA is to study the following:
· UL transmission detection
· HARQ, including transmission scheme, feedback scheme and combining scheme
· Link adaptation for MA signature allocation and selection
· Synchronous and asynchronous operation
· Adaptation between orthogonal and non-orthogonal multiple access
Collision is an important issue for NOMA. Collision could happen during NOMA procedures such as during UL transmission detection and HARQ, and may have impact on DMRS and MA signature allocation and selection. Adaptation between orthogonal and non-orthogonal multiple access may also need to consider performance and collision issue.
[bookmark: _Toc505979785]Collision for NOMA 
When NOMA is designed for each of these use cases and scenarios, e.g., URLLC, mMTC and eMBB, specific solutions regarding scheduling, initial transmission and retransmission are required. One particular problem is the multiple access (MA) collision issue for NOMA. This may occur when multiple UEs select the same MA signature and/or demodulation reference signal (DMRS) in the same frequency/time resource. In case of collision, gNB cannot detect or distinguish one UE from the other UE. 
Collision, either MA signature or DMRS collision could significantly degrade NOMA performance. Especially for high overloading condition where many UEs may be active and accessing the same resource at the same time. The likelihood that UEs may select the same MA signature or DMRS could be high. The higher the overloading factor of system is, the higher the likelihood that users may have selected the same MA signature or DMRS, and as a result, the higher likelihood of collision for NOMA UEs could occur.

Collision Handling for NOMA 
In order to handle collision in NOMA, one possible way may be to utilize MA signature and DMRS grouping. For example, multiple access (MA) signatures may be divided or partitioned into two or multiple MA groups. For case of two MA signature groups, MA signature Group A may be “dedicated” MA signatures and MA signature Group B may be “shared” MA signatures. MA signature Group may be predetermined and the size of group may also be predetermined. MA signature Groups and their sizes may be fixed.
A UE may be assigned a MA signature for transmission and/or retransmission using either group A or group B. In order to reduce the latency due to retransmission failure, UE may be assigned a dedicated MA signature from group A to avoid collision. UE may be assigned a shared MA signature from group B for initial transmission to increase trunking efficiency. In order to trade off between trunking efficiency, latency and performance for entire transmission and retransmission, MA signature groups may be used in different combinations of transmission and retransmission. The association of MA signature groups and transmission/retransmission may be predetermined, configured or indicated by signaling either implicitly or explicitly, in a semi-static or dynamic fashion.
The MA signature may be allocated using a criteria for the grouping of UEs in particular groups. For example a CQI quality may be used as a metric for grouping UEs into high, medium, ad low quality groups. A MA signature may be associated with a particular CQI quality type.
Similarly, DMRSs may be divided or partitioned into two or multiple groups. For example, for case of two DMRS groups, DMRS Group A may be “dedicated” DMRSs. DMRS Group B may be “shared” DMRSs. DMRS Group may be predetermined and the size of group may also be predetermined. DMRS Groups and their sizes may be fixed.
Fixed MA signature group and group size may achieve a certain level trade-off between trunking efficiency and latency. Another possibility may be the use of a variable MA signature group and group size or dynamic MA signature group and group size. Variable and/or dynamic MA signature group and group size may achieve additional trade-off between trunking efficiency, performance, latency and overhead. By using a variable or dynamic MA signature group and group size, the trunking efficiency may be further enhanced and collision may be further reduced due to larger group size for the shared MA signature group. In this case, unused MA signatures may be transferred from one group to the other group (e.g., from MA signature group A to group B). The group size may change over time and may depend on the traffic, or CQI quality. This may also improve the resource utilization efficiency, enhance performance and reduce the signal overhead. Due to variable or dynamic MA signature group and group size, UEs may need to know the exact MA signature groups and sizes in order to correctly access the multiple access channel using NOMA. UEs may be indicated by network or gNB for the MA signature group and group size. Such indication may include MA signatures (or their index) in each group and MA signature size of each group. MA signatures in each group may be indicated by using a bitmap indication. 
Similar to MA signature solutions, the same approach may be applied to DMRS by using variable DMRS group and group size or dynamic DMRS group and group size. By using variable or dynamic DMRS group and group size, the trunking efficiency for DMRS can be further enhanced and collision for DMRS can be further reduced due to larger group size for shared DMRS group because non-used DMRSs may be transferred from one group to the other group (e.g., from DMRS group A to group B).
Proposal 1: Methods for NOMA collision mitigation should be studied. 
Proposal 2: Procedures for NOMA collision handling should be considered.


UE Assistance Information for NOMA Collision Handling
UE may autonomously select the resource for UL NOMA transmission. UE may autonomously select the resource from a set of NOMA resources or resource partition that may be configured to UE. UE may autonomously select signature for transmission on the selected resource. UE may autonomously select signature from a pool of signatures that have not been assigned by a grant-based NOMA. UE may receive a MA signature indication (MASI) that indicates the allowable signatures that UE may select from. MASI may be indicated to UEs via downlink control channel e.g., common control channel or group common PDCCH (GC-PDCCH).
UE may select two resources – the 1st resource(s) for current transmission and the 2nd resource(s) for subsequent transmissions. UE may generate control information which may include the information about the 2nd resource that is selected by UE for subsequent UL NOMA transmissions. UE may transmit data with the generated control information using UL NOMA on the 1st resource that is selected where the control information may include the information about 2nd resource that is selected by UE. UE assistance information for NOMA collision handling can be considered.

Conclusions
In this contribution, we discussed the procedure aspects related to NOMA. Particularly, we considered and discussed the collision issues and handling for NOMA. We have the following proposals:
Proposal 1: Methods for NOMA collision mitigation should be studied. 
Proposal 2: Procedures for NOMA collision handling should be considered.
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