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Introduction 

Grant-free contention based access is considered as a candidate solution for use-cases with low-latency for some use cases. The use cases that it is targeting has been shifted during the discussion some what but the basis have been in mMTC. Obviating the handshake procedure, which is embedded in the LTE contention-based random access protocol, in order for a UE to be granted a resource for UL transmission can help to: a) improve the resource utilization in terms of signaling overhead; and b) to enhance the latency for delay-critical use-cases, namely uRLLC.
In RAN 85# it was agreed that “Autonomous/grant-free/contention based UL non-orthogonal multiple access has the following characteristics
· A transmission from UE does not need the dynamic and explicit scheduling grant from eNB
· Multiple UEs can share the same time and frequency resources”
Grant-free transmission can also render then transmission of UL small data packets more efficient, in terms of relative signaling overhead. As argued in [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 available with interference aware schemes such as non-orthogonal multiple access (NOMA) [2]. In this paper, we discuss how to relax synchronization requirements to facilitate grant-free contention based access.

Synchronization for Grant-free transmission
Data transmission in grant-free resources can take place in a dedicated or a shared fashion; the gNB can map a single or multiple UEs to a set of grant-free resources [1]. In particular, to utilize the full benefit from using a grant-free transmission in terms of latency, the UE should be able to transmits without Timing Advance (TA). 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, it is important to make sure that grant-free transmission can be used without TA and that 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.
Waveform for Grant-free transmission

In RAN1 #86bis [2] it was agreed that 
“At least up to 40 GHz for eMBB and URLLC services, NR supports CP-OFDM based waveform with Y greater than that of LTE (assuming Y=90% for LTE) for DL and UL, possibly with additional low PAPR/CM technique(s) (e.g., DFT-S-OFDM, etc.) 
· Y (%) = transmission bandwidth configuration / channel bandwidth * 100%
· RAN1 specification will support transmission bandwidth configuration corresponding to Y up to approximately100%
· Some evaluations in RAN1 show that Y for a NR carrier can be up to 98% of the evaluated channel bandwidths for both DL and UL without complexity and latency constraints [R1-166093]
· Note: additional pre-processing techniques on top of CP-OFDM are not precluded, e.g., OTFS”

To relax the UL synchronization requirements and allow for UL transmission without tight TA, CP-OFDM with extended cyclic prefix should be used to achieve low latency for UE initiated traffic.
Proposal 2: CP-OFDM with Extended CP should be considered for grant-free UL transmission, to accommodate low latency transmission.
Non-Orthogonal Multiple Access

From the above discussion, it follows that performance assessment and comparison of grant-free 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 3: CP-OFDM with Extended CP should be considered for grant-free UL NOMA transmission, to accommodate low latency transmission.
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. 
Proposal 2: CP-OFDM with Extended CP should be considered for grant-free UL transmission, to accommodate low latency transmission.
 Proposal 3: CP-OFDM with Extended CP should be considered for grant-free UL NOMA transmission, to accommodate low latency transmission.
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