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Introduction 
In RAN 85# it was agreed that grant-free transmission should be supported in order to reduce the latency and to render the transmission of small data packets more efficient, in terms of relative signaling overhead. As argued in our companion contribution [1], the benefits of introducing grant-free transmission can be enhanced if the system is designed to allow for shared grant-free resources. Additional benefits in terms of capacity and latency is expected to be availale with interference aware schemes such as  non-orthogonal multiple access (NOMA) [2]. In this paper, we discuss synchronization requirements related to this framework.
Synchronization for Grant-free
Grant-free contention-based access has been identified as a candidate framework for addressing latency-critical services, that may arise in the context of uRLLC. Obviating the handshake procedure, which is embedded in the LTE contention-based random access protocol, in order for a UE to be granted an exclusive data-transmission slot can help to: a) improve the resource utilization in terms of signaling overhead, relative to the size of the data packet; and b) to enhance the latency for delay-critical use-cases, namely uRLLC.
UL Synchronization 
Data transmission in grant-free resources can take place in a dedicated or a shared fashion; the eNodeB can map a single or multiple UEs to a set of grant-free resources [1]. The latter mapping may arise when the number of UEs exceeds the number of available grant-free resources. In this case, of shared grant-free resources, collisions may occur between UE packets, an event whose probability is proportional to the network traffic; the more UEs share the resources the higher the collision probability. To tackle such cases and benefit from grant-free access, the eNodeB receiver can jointly detect and process the received signals using multiuser detection. Such treatment gives rise to the NOMA paradigm; therefore one has to assess the suitability of existing NOMA strategies with respect to the technical details that apply to grant-free access. In particular, since the occupancy of a grant-free resource (after its assignment to a UE) is not preceeded by a handshake, the UE transmits without Timing Advance. However, DL synchronization of the UE can be maintained at low overhead cost, whereas acquiring TA would dissipate the latency gains stemming from grant free access. Therefore, tight UL time alignment is not assumed and shared multiple access within a grant-free resource should be possible to realize with DL synchronization only. 
Proposal 1: Grant-free UL MA should be possible with DL synchronization only (Timing Advance should not be needed) to accommodate low latency transmission (uRLLC).
Non-Orthogonal Multiple Access
From the above discussion, it follows that performance assessment and comparison of proposed NOMA schemes should, among other things, be carried out with respect to their sensitivity to synchronization [2]. NOMA schemes are fundamentally based on spreading the information symbols onto the available resource elements using appropriately designed spreading sequences. There is a rich body of literature on NOMA methods (see [3] for a brief overview), which generally speaking assume a certain structure on the joint UE transmissions, depending on the way the signatures are generated. 
Most existing work on performance analysis of NOMA schemes assumes fully synchronized RX. If the overlapping UE sequences are aligned, on an element-by-element basis, at the receiver then, with proper multi-user processing, the performance gains can be significant compared to orthogonal access. However, the fact that signature vectors need to be aligned implies that NOMA schemes have tight synchronization requirements; they require synchronous reception of the different UE signals, in order to deliver the promised performance, otherwise significant degradation will occur. For CP-OFDM transmission this means that overlapping signals should be received within a CP-OFDM period [4], in order to be synchronous. For multicarrier transmission, this critically depends on the size of the cell and the numerology, and the extended CP is needed in order to make the reception of the signals robust to time misalignment. 
Proposal 2: Extended CP is needed for (CP-OFDM) grant-free UL transmission, to accommodate low latency transmission (uRLLC).
Proposals
Proposal 1: Grant-free UL MA should be possible with DL synchronization only (Timing Advance should not be needed) to accommodate low latency transmission (uRLLC).
Proposal 2: Extended CP is needed for (CP-OFDM) grant-free UL transmission, to accommodate low latency transmission (uRLLC).
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