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Introduction
UL grant-free transmission was discussed with the following agreements.
Agreement:
· 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

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
In this contribution, we discuss the details of UL grant-free transmission.

Discussion
MA resource configuration and selection
In order to support UL grant-free transmission, MA physical resources need to be pre-configured by network. In general, MA physical resources can be pre-configured in UE-specific or cell-specific manner. If MA physical resources are configured in UE-specific manner, it is up to gNB to configure dedicated or shared MA physical resources for the UE depending on e.g., cell load, service type etc. There is no collision if dedicated MA physical resources are configured for the UE while collision may happen if shared MA physical resources are configured for the UEs. An advanced receiver can be applied to improve the performance of multi-user detection. If MA physical resources are configured in cell-specific manner, MA physical resources are shared by UEs and collision may happen. The advantage of cell-specific MA physical resource configuration is signalling overhead reduction compared with UE-specific resource configuration, and is suitable for mMTC scenarios where the connection density is quite high.
For MA signature allocation, there are at least two options. One option is that a UE performs random selection from a MA signature pool, while the other option is that the UE’s MA signature is pre-configured or pre-determined. These two options can both be supported similarly as the LTE initial random access resource selection. The UE randomly selects an MA signature unless it is pre-assigned a MA signature by higher layer configuration or by a predefined rule.
The MA resources configured by the above approaches are at least for UL initial transmission. Both grant-based and grant-free transmission can be considered for UL retransmission. If retransmission is grant-free transmission, the MA resources for retransmission can be determined by a pre-defined rule or selected by UE to avoid collision.

UE identification
If shared MA physical resources are configured for UEs, it is important for the network to identify the UE since the UL transmission is initiated by UE which is unknown to the network. For UE identification for grant-free transmission, the UE ID can be explicitly or implicitly transmitted along with the data. For example, UE ID can be implicitly indicated if it is a one-to-one mapping between UEs and MA signatures. There is no additional overhead for UE ID transmission, however, whether there are enough MA signatures is FFS. If the UE ID is explicitly transmitted along with the data, it is important to minimize the overhead. For example, the UE ID does not need to be unique within the entire cell. Instead, the UE ID can be only unique within certain MA resources. The network distinguishes UEs transmitted on the same MA resources further by the UE ID. The UE IDs can be the same on different MA resources. In this case, UEs are distinguished by MA resources.

HARQ
There are three different cases for grant-free transmission on shared resources.
· Case 1: If gNB failed to detect the UE ID, gNB would not send any feedback. 
· Case 2: If UE ID is detected but the data is not successfully decoded, a NACK can be sent to the target UE.
· Case 3: If both UE ID and data are successfully decoded, an ACK can be sent to the target UE.
Group-based HARQ-ACK feedback scheme should be considered to reduce the overhead. UE ID can be explicitly or implicitly indicated in the HARQ-ACK feedback message. For example, UE ID can be explicitly conveyed in the message similar as RAR in LTE, or UE ID can be implicitly indicated by predetermined location within the message like PHICH in LTE.
For HARQ retransmission, it is beneficial to reduce the collision probability. Therefore, it is preferred to support asynchronous HARQ. UE back-off can be used to reduce the collision probability for retransmission.

Conclusion
In this contribution, MA resource configuration and selection, UE identification and HARQ for grant-free transmission are discussed. It is proposed to take the solutions into account in future study.
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