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1. Introduction
In this contribution, we provide discussions on potential enhancements for unlicensed band URLLC/IIoT.

2. Discussion
According to the agreements in RAN plenary #88e [1], the scope of uplink enhancement for URLLC in unlicensed controlled environments is confined to 1) specify support for UE-initiated COT for FBE with minimum specification effort; 2) harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum.

To our understanding, under the unlicensed controlled environment, interference from other systems is considerably controllable/predictable and thus collisions and/or interference have much less impact on the implementation of URLLC/IIoT. It has been discussed that the combination of UE-initiated COT for FBE and UL configured-grant could further enhance uplink latency performance under such controlled environment. For instance, the waiting time before the UE transmits PUSCH can be reduced since that the UE does not need to wait for the gNB scheduling uplink transmission after seizing the channel. Targeting at such operation is reasonable for URLLC in unlicensed controlled environments, based on which the following detailed discussions are expanded.

2.1. UE-initiated COT for FBE
Several high-level agreements on UE-initiated COT have been achieved in Rel-16 NR-U [2] [3]. A relative detailed agreement specified the indication of COT duration for UE-initiated COT in LBE mode, as shown in the follows.

	[bookmark: _Hlk6227919]Agreement:
When a UE initiates a channel occupancy with a transmission using a configured grant, it can signal at least the following
· The duration that the gNB is allowed to transmit in the channel occupancy initiated by the UE
· FFS: 
· How the duration is signalled
· Whether the UE should signal continued use of the COT for its own transmissions
· LBT priority class

Agreement:
· For FBE operation, when the gNB operates as an initiating device
· The UE is provided information on the gNB fixed frame period and the starting positions of the fixed frame periods
· For the provision of the above information the following is signalled
· Indication of the fixed frame period and the starting positions of the fixed frame period (SIBx)
· FFS: Whether Rel-15 signaling can be reused
· When the UE is not initiating a channel occupancy, UE transmissions within a fixed frame period can occur if DL signals/channels (e.g., PDCCH, SSB, PBCH, RMSI, GC-PDCCH, …) within the fixed frame period are detected. 
· FFS: Extension of GC-PDCCH configuration to idle UEs
· FFS: Signaling for FBE operation, when the UE operates as an initiating device




Issue #1: PRACH transmission of idle UE in FBE mode

According to the above agreement and Rel-16 specification status, PRACH transmission of idle UE in FBE mode was not specified, which is required for standalone operation of FBE mode.

Proposal 1:
· Clarify required specifications to enable PRACH transmission of idle UE in FBE mode.


Issue #2: COT duration indication and idle period within COT

Since the duration of COT is fixed in FBE mode, i.e., fixed frame period is used, it seems that the indication of COT duration is not necessary either for gNB-initiated COT or UE-initiated COT.

Proposal 2:
· Clarify whether to indicate COT duration in FBE mode.

In FBE mode, when the UE initiates a COT, the gNB needs to have the knowledge of idle period, which is specified to be more than 5% of the COT duration. Basically, there are three alternatives for the gNB to know the idle period:
· Alt. 1: Static determination according to RRC configuration including idle period for UE-initiated COT in FBE mode
· Alt. 2: Indication (e.g., via CG-UCI) from the UE
· Alt. 3: After the UL transmission, the gNB dynamically determines the idle period and indicates it to the UE

Proposal 3:
· Clarify how to determine the idle period for UE-initiated COT in FBE mode.


Issue #3: Autonomous UL transmission

The combination of configured grant UL transmission and UE-initiated COT for FBE already enables a certain level of autonomous UL transmission. Further enhancements, e.g., autonomous retransmission that has been introduced in Rel-16 NR-U, could be discussed to implement higher level autonomous UL transmission.

Proposal 4:
· Identify required enhancements to implement higher level autonomous UL transmission.


2.2. Harmonizing UL configured grant enhancements

Issue 4: DFI indication for multiple CG configurations

Regarding DFI indication for multiple CG configurations, there are two alternatives:
· Alt. 1: Joint indication. Since Rel-16 DFI employees bitmap indication corresponding to all the HARQ processes, the bitmap indication can be also used for multiple CG configurations.
· Alt. 2: Separate indication, which requires specification on how to associate DFI indication to a certain CG configuration.

Proposal 5:
· Support joint DFI indication for multiple CG configurations.


Issue 5: DFI indication in DCI format 0_2

We believe that it is necessary to support DFI indication also in DCI format 0_2 to apply DFI mechanism to URLLC operation. It seems that similar specification method as in DCI format 0_1 could be reused in DCI format 0_2, e.g., by introducing DFI flag field and bitmap indication.

Proposal 6:
· Support DFI indication in DCI format 0_2.


Issue 6: Further enhancements based on UL configured grant and UE-initiated COT for FBE

Consider the typical factory automation use case. When a critical event occurs, multiple sensors (UEs) will attempt to report this event with UL transmission to the gNB right after the event. Under the operation of UE-initiated COT for FBE with UL configured grant, many UEs would attempt to transmit at the same time, resulting in severe collisions. One potential solution to the above issue is creating at least one UL transmission opportunity in each LBT subband. More specifically, the UEs are configured with multiple LBT subbands for UL transmission and are allowed to randomly select one or more LBT subbands to transmit PUSCH. This offers multiple UL transmission opportunities in frequency domain and thus could reduce the collision probability.

Proposal 7:
· Support configuration of multiple UL transmission opportunities in frequency domain.



3. Conclusion
[bookmark: _References]In this contribution, we provide the following proposals:

Proposal 1:
· Clarify required specifications to enable PRACH transmission of idle UE in FBE mode.
Proposal 2:
· Clarify whether to indicate COT duration in FBE mode.
Proposal 3:
· Clarify how to determine the idle period for UE-initiated COT in FBE mode.
Proposal 4:
· Identify required enhancements to implement higher level autonomous UL transmission.
Proposal 5:
· Support joint DFI indication for multiple CG configurations.
Proposal 6:
· Support DFI indication in DCI format 0_2.
Proposal 7:
· Support configuration of multiple UL transmission opportunities in frequency domain.
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