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Introduction 
In RAN1 #86 the following agreements were reached [1]:
· NR should target to support UL “autonomous/grant-free/contention based” at least for mMTC
· 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
· A MA physical resource for “grant-free” UL transmission is comprised of a time-frequency block
· Note: spatial dimension is not considered as a physical resource in this context
· 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 transmission structure for grant-free access. In particular we describe some principles that apply to RS design and we elaborate on its relation/impact on activity detection, channel estimation, UE identifiability and decoding.
Background
One of the features of grant-free transmission is that any UE that is assigned and has access to such resources can instantly occupy them and transmit, whenever a packet arrives in its buffer. Together with its assigned grant-free resources, the UE is also configured from the gNB with a RS and other transmission-related parameters. In a shared grant-free access scenario, where many UEs are assigned the same resources, UE transmissions may occur simultanesouly and overlap. In this case, the gNB needs to detect which UEs are active and identify them in order to infer relevant transmission information such as the UE spreading signature (if any).
Reference Signal Design
The necessary transmission information, and primarily the UE identity, can be communicated to the gNB via a reference signal (RS). The RS can be associated with a UE identity as well as its transmit signature (if spreading is employed). This way, no further information needs to be sent to the gNB in order to convey the necessary system parameters. When designing RS for grant-free access, three principles should, among others, be taken into account:
i. The gNB needs to identify the UE early in the transmission in order for the scheduler to take decisions, e.g., to form the ACK/NACK and/or to transfer the UE to dedicated resources for orthogonal transmission, in case of correct UE identification but failed data decoding.
ii. The gNB needs to estimate the active UEs’ channel in order to decode the data.
iii. Many UEs may be assigned to the same grant-free slot; in this case their RS can potentially overlap at the gNB.
The first observation implies that, for low-latency communications, the reference signal should facilitate activity detection and early UE identification. 
Observation 1: Early UE identification is significant for low-latency communications. 
However, since the primary reason for introducing grant-free access is to achieve low-latency, the UE identity should not be separately sent from the data packet transmission. There should not be separate resources for transmitting the UE identity and then waiting for acknowledgment of correct identification. Instead, the gNB should be able to infer the UE identity based on the received RS pattern, which is multiplexed with the data payload transmission, in order to support the low-latency target. 
Observation 2: The gNB should infer the identity of the UE based on the received RS pattern.
At the same time, it is important to serve the second point mentioned above, namely on channel estimation, and the decision for placing the RS should take into account this component. For instance, using a preamble, which is placed before all data symbols, for UE identification and channel estimation may not be good for the data decoding performance because the latter critically depends on the channel variation in time. In this case, using the preamble for channel estimation can easily result in outdated estimates of the data symbols’ channel, thereby degrading the decoding performance. Hence, while the preamble can be used for UE identification it is not suitable for channel estimation, aimed for data demodulation.
Observation 3: Preamble is not suitable for channel estimation, aimed for data demodulation. 
Using a preamble in combination with a DMRS symbol can improve the channel estimation accuracy at the expense of introducing more overhead, which should be taken into account when quantifying the latency performance trade-offs. However, if the DMRS alone, which can be located on the second or third symbol in a slot, is used for both UE identification and channel estimation then a reasonable overhead is maintained. Moreover, the buffer size at the gNB, until the DMRS has been received, is reasonable; it is one or two symbols, and does not impact the latency. Therefore, the DMRS can serve the purposes mentioned above in points (i)-(iii). 
Proposal 1: Reference signals for UE identification should be identical to DMRS.
The third item, namely on many-to-one UE-to-slot mapping, introduces another dimension onto RS design, that of uniqueness and separability. In the case where multiple UEs send their packets over the same grant-free slot, their reference signals will overlap. Having distinct DMRSs is important in order to ensure UE identifiability and especially to minimize the effect of interference between overlapping UEs’ DMRS when performing channel estimation. The latter functionality critically depends on the DMRS design and having non-orthogonal sequences, even with very low correlation, can severely degrade the reliability of the channel estimates and consequently the performance [2].  
Proposal 2: The DMRS should be optimized for both UE identification and data demodulation.
 Proposals
Observation 1: Early UE identification is significant for low-latency communication. 
Observation 2: The gNB should infer the identity of the UE based on the received RS pattern.
Observation 3: Preamble is not suitable for channel estimation, aimed for data demodulation. 
Proposal 1: Reference signals for UE identification should be identical to DMRS.
Proposal 2: The DMRS should be optimized for both UE identification and data demodulation.
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