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Introduction
Grant-free UL transmission was agreed for NR and is an enabling feature for low latency communications. Specification work for grant-free transmission is ongoing and some key agreements from the past few RAN1 meetings are summarized as follows, 
Agreements:
· At least an UL transmission scheme without grant is supported for URLLC
· Resource may or may not be shared among one or more users 
· FFS: resource configuration details
· FFS other details of design
· For an UL transmission scheme with/without grant
· K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported, 
· FFS the way K is determined
· FFS: hopping mechanisms over the transmissions
· For UL transmission without grant,
· The resource configuration includes at least the following
· Time and frequency resources, FFS: including resources for repetitions, implicitly or explicitly
· Modulation and coding scheme(s), possibly including RV, implicitly or explicitly
· Reference signal parameters
· FFS: Details
· FFS: The number of repetitions K
· FFS: Whether multiple number of K can be configured to one UE
· FFS other parameters
· FFS: A UE may continue repetitions for a TB until one of the following conditions is met 
· An ACK is successfully received from gNB
· The number of repetitions for the TB reaches K
· For UE configured with K repetitions for a TB transmission with/without grant, the UE can continue repetitions (FFS can be different RV versions, FFS different MCS) for the TB until one of the following conditions is met
· If an UL grant is successfully received for a slot/mini-slot for the same TB
· FFS: How to determine the grant is for the same TB
· FFS: An acknowledgement/indication of successful receiving of that TB from gNB
· The number of repetitions for that TB reaches K
· FFS: Whether it is possible to determine if the grant is for the same TB
· Note that this does not assume that UL grant is scheduled based on the slot whereas grant free allocation is based on mini-slot (vice versa)
· Note that other termination condition of repetition may apply
· For UL transmission without grant,
· If network configures, UL data transmission without UL grant can be performed after semi-static resource configuration in RRC without L1 signalling 
· If network configures, L1 signaling for activation/deactivation and/or modification on parameters for UL data transmission without UL grant can be applied
· RAN1 is discussing whether the mechanism to distinguish UL SPS and UL data transmission without UL grant is necessary.
In this contribution, we discuss some outstanding aspects regarding grant-free UL transmission procedure. A summary of the views expressed in this paper are also part of a related RAN1 email discussion [1].
Discussion
A UE is semi-statically configured with a set of transmission parameters for UL grant-free data transmission. The required transmission parameters would include the time-frequency resources, MCS index, reference signal parameters and a number of repetitions K. Based on the RAN1 #89 agreements it is up to the network whether to configure the UE to monitor for a L1 signaling mechanism that activates/deactivates and/or modifies some of these transmission parameters. Otherwise, if the UE is not configured to monitor for such L1 signaling, the UE may autonomously initiate UL transmission in a configured grant-free occasion when data arrives in its buffer. If a UE doesn’t have UL data in its buffer, it can skip transmission in the configured grant-free occasions. 
Note that this UL skipping feature is also present in LTE Release 14. As the gNB does not know when the UE has UL data to transmit it has to perform user detection/identification to determine if a user transmitted. From this perspective an L1 activation signal to kick-start grant-free transmission like the LTE Release 10 SPS mechanism is not needed since the gNB anyway has to perform user detection. 

Observation: since the gNB has to perform user detection to determine if a UE transmitted in a configured grant-free occasion, L1 signaling to initialize or activate grant-free UL transmission is not necessary as the UE can transmit any time after receiving RRC configuration of all grant-free transmission parameters.

As mentioned in several contributions several methods may be used to distinguish/identify a UE performing grant-free UL transmission. For a lightly loaded cell, the network may choose to configure a dedicated time-frequency resource for each UE configured for grant-free transmission. Alternatively, the network may configure a shared resource for multiple UEs. For shared resources, dedicated DMRS can be configured for a UE and can be used for UE identification. 
It was shown in several contributions e.g. [2], that user identification is feasible using the PUSCH DMRS. In [2] user detection performance was evaluated for the ZC sequence, which has been agreed for DFT-S-OFDM. On the other hand, PN sequence is being considered for both DL and UL CP-OFDM. If PN-sequence is agreed for UL CP-OFDM, evaluation of user identification based on PN sequence is certainly worthwhile. However, it is not clear what would be the specification impact as it is up to the network which UL waveform to configure and whether to assign a shared resource to multiple UEs. 
Proposal: it is up to the network to determine what UL waveform to configure for grant-free UL transmission.

The time-frequency resource configuration should be sufficient to distinguish different UEs transmitting on a shared resource. It should not be tied to the repetition pattern especially if early termination is supported.
When UL data with stringent latency requirement arrives, UE triggers a K-repetition (K >= 1) grant-free UL transmission on the configured resources, as shown by TB1 in the first row of Figure 1. Here K is assumed to be 5. During the K-repetition, the configured resources/parameters should be kept same. Frequency hopping if configured should have a fixed pattern. 
Proposal: frequency hopping with a fixed pattern can be configured for grant-free transmission.

The first resource (slot or mini-slot) of the K-repetition transmission can be used to calculate the HARQ process ID, i.e. the HARQ process ID can be a function of the grant-free physical resource. If the gNB identifies a UE, the gNB may provide HARQ-ACK feedback to the UE corresponding to the HARQ process ID.  To ensure a UE can continuously transmit data, multiple HARQ processes can be configured as shown by TB2 in Figure 1.


Figure 1 Procedure of grant-free UL transmission
There are several possible scenarios after a UE finishes the K-repetition transmission. If an UL grant is received with the same HARQ process as the grant-free transmission, the UE follows the information contained in this UL grant.  For grant-free transmission, the NDI contained in the DCI can have fixed values similarly to configured grants in LTE. If the NDI is toggled the UE may assume the gNB successfully received the previous transmission. If the NDI is not toggled the UE may assume it is a retransmission of a previously transmitted TB. This can be used to schedule a retransmission of the same HARQ process as shown in Figure 1. In this sense there is no different from other grant-based UL transmission. On the other hand, it should also be possible for the gNB to indicate an ACK without requesting UL data transmission. 
Proposal: it should be possible for the gNB to indicate an ACK without requesting an UL data transmission.

Other operational aspects
UL data may arrive sporadically when a UE is configured for grant-free UL transmission. Therefore, periodic timing and power control adjustments typical for some traffic types such as eMBB may not be suitable for others such as URLLC. Therefore, open loop power control can be a starting point for grant-free transmission. 
UL timing corrections may also be needed as inter-transmission times may widely vary for sporadic traffic. For TA updates, the network may configure the UE for periodic SRS transmissions.

Proposal: for grant-free UL transmission
· Open loop power control can be the starting point for adjusting UL transmission power for grant-based UL transmission.
· Timing updates can be facilitated by configuring the UE for periodic SRS transmission

  

Conclusion
In this contribution, we discuss outstanding aspects of the grant-free UL transmission procedure. The proposals are summarized as follows:
Observation: since the gNB has to perform user detection to determine if a UE transmitted in a configured grant-free occasion, L1 signaling to initialize or activate grant-free UL transmission is not necessary as the UE can transmit any time after receiving RRC configuration of all grant-free transmission parameters.
Proposal: it is up to the network to determine what UL waveform to configure for grant-free UL transmission.
Proposal: frequency hopping with a fixed pattern can be configured for grant-free transmission.
Proposal: it should be possible for the gNB to indicate an ACK without requesting an UL data transmission.
Proposal: for grant-free UL transmission
· Open loop power control can be the starting point for adjusting UL transmission power for grant-based UL transmission.
· Timing updates can be facilitated by configuring the UE for periodic SRS transmission
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