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In RAN1 meeting #86, it was 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 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 

The research about non-orthogonal multiple access (NOMA) has already been discussed in Rel-14. The transmission of NOMA provides superior spectrum efficiency, compared to that of orthogonal multiple access (OMA). It provides better capacity and system throughput particularly when the system supports wireless connectivity for massive communication devices. On the other hand, it has been agreed that grant-free transmission should be studied in NOMA. In grant-based transmission structure, the more User Equipments (UEs) capable of communicating with a gNB are in a cell, the more time-frequency resources the system consumes to perform UL scheduling grants. In the document, we discuss some considerations related to grant-free transmission and resource allocation.

Discussions
Grant-free transmission and DMRS
According to previous discussions, we know that overall uplink system efficiency is closely related to detection of UE activity and decoding performance. Also, whether detection of UE activity is excellent or not is connected with the design of grant-free transmission. In grant-free transmission, the gNB is unable to certainly know when a certain UE transmits data after it pre-assigns resources to the UE. Considering DMRS design is helpful to be a starting point for NOMA SI. It is desirable to use DMRS to perform detection of UE activity [1]. On the other hand, DMRS design impacts the ability of demodulation in NOMA. In Rel-14 NOMA SI, a variety of NOMA schemes had been proposed. A UE uses a MA signature to perform UL transmission. Different from OMA, NOMA requests the receiver to distinguish signals from different UEs through MA signatures, and these signals from multiple UEs are likely to overlap in the same time-frequency resource. For NOMA in which a massive number of connections are supported, if the gNB cannot distinguish signals from different UEs, the error probability of data will become relatively poor. In order to elevate the capability to detect and distinguish signals from multiple UEs, it is a straightforward method to have MA signatures connected to DMRS. The gNB has a priori knowledge about the mapping between MA signatures and DMRS. When the gNB identifies the presence of a certain MA signature, it simultaneously knows DMRS which the MA signature is mapped to. In other words, the gNB need not detect all DMRS on a resource when it detects a MA signature. For grant-free transmission, the method alleviates the burden of decoding data. Consequently, this will lead to an improvement of decoding performance [2].

Proposal 1: Indicating information about DMRS by MA signatures is a method to improve decoding performance.

UE identification in grant-free transmission
It is assumed that the system needs to semi-statically pre-allocate a part of time-frequency resources to a UE so that the UE performs grant-free transmission. However, an expected scenario is that the more resources the gNB allocates to UEs performing grant-free transmission, the less the resources the gNB can assign to other UEs will become. When many resources are used in grant-free transmission, the gNB cannot flexibly allocate those resources for downlink or uplink transmission. In addition, it implies a waste of resources that the pre-allocated resources are not used by the UEs. In order to decrease the consumption of the pre-allocated resources, it should be considered that the same MA resource, which is comprised of a MA physical resource and a MA signature, is semi-statically pre-allocated to different UEs in grant-free transmission. In other words, the same MA resource can be shared by two or more UEs. The gNB does not know which UE a MA resource will be used by until it demodulates the signals.

Proposal 2: Sharing the same MA resource among multiple UEs in grant-free transmission should be studied.

For the above grant-free transmission scheme, an obvious question is how the gNB knows UE identification when two or more UEs transmit data on a MA resource. A desirable method is to implicitly indicate UE-ID through DMRS sequence. The way reduces the UE-ID overhead, but this implies that the number of UEs to be pre-allocated depends on the usable number of DMRS sequences on a resource. The channel-estimation accuracy reduces when the used the number of DMRS sequences increases on a resource. Therefore, whether the system has the UE-ID connected to the DMRS sequence or not is a considerable issue [3].

Proposal 3: Whether the system has the UE-ID connected to the DMRS sequence or not is a considerable issue.

Resource allocation
In previous discussions, it was assumed that data transmission without grant is based on RRC configuration for resource allocation. Whether NOMA transmission is activated by RRC or dynamically signaling, it requires the semi-static pre-configuration for resource assignment. In the case, however, it is less efficient for UEs to use periodic resource to handle asynchronous services such as bursty traffic. If a UE is unable to dispatch a sudden data service, this will lead to a delay of time.
On the other hand, the action for pre-allocating resources itself has to consume parts of resources and processing time as well. When cell switching happens, a complicated re-configuration for resource allocation will introduce a high-latency connection [2].
It should be further studied to have UE randomly select UL resources from a pre-defined resource pool for transmission. Without the pre-allocation of resources, the structure provides UEs with high flexibility in the selection of time-frequency resources to perform UL transmission.
Moreover, under the structure, the data of UL transmission need not be fixed-size, for it did not require pre-allocation of resources. Different sizes of data payload can be dynamically determined in the transmission structure.
From a resource selection for a UE perspective, a UE can select resources which have good channel conditions from the pre-defined resource pool. Consequently, UEs have good user throughput and peak data rates.

Proposal 4: It should be further studied that UE randomly selects UL resources for transmission in NOMA.
Conclusions
In the document, we propose the following discussion:

Proposal 1: Indicating information about DMRS by MA signature is a method to improve decoding performance.

Proposal 2: Sharing the same MA resource among multiple UEs in grant-free transmission should be studied.

Proposal 3: Whether the system has the UE-ID connected to the DMRS sequence or not is a considerable issue.

Proposal 4: It should be further studied that UE randomly selects UL resources for transmission in NOMA.
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