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Introduction
During RAN#88-e plenary [1], it was agreed to specify the required UL enhancements for URLLC to operate in unlicensed controlled environment. Specifying support for UE-initiated COT for FBE and harmonizing UL configured-grant enhancements in NR-U and URLLC were particularly emphasized.
ETSI Regulation on Channel Access Mechanism of Frame-Based Equipment (FBE)
Frame Based Equipment (FBE) is equipment where the transmit/receive structure has a periodic timing with a periodicity equal to the Fixed Frame Period (FFP) (see Figure 1) and the channel access is based on this FFP concept. A single Observation Slot as defined in clause 3.1 and as referenced by the procedure in clause 4.2.7.3.1.4 [2] shall have a duration of not less than 9 μs.
A device that initiates a sequence of one or more transmissions is denoted as the initiating device. Otherwise, the device is denoted as a responding device. Frame Based Equipment may be an initiating device, a responding device, or both.
FFP ranges from 1ms to 10ms. And a set of FFP values were defined in Rel-16 NR-U. And an equipment can change its FFP but not more than once every 200ms. 
Exactly before starting transmissions on an operating channel at the start of an FFP, the initiating device shall perform a Clear Channel Assessment (CCA) check during the single observation slot. The channel occupancy time shall not be greater than 95 % of the FFP and shall be followed by an idle period until the start of the next FFP such that the idle period is at least 5 % of the Channel Occupancy Time, with a minimum of 100 μs.
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  UE-initiated COT for FBE
Some issues need to be addressed in order for a UE-initiated COT to work in an FBE mode: 
· Should a UE-initiated COT be used in both idle mode and connected mode? 
· Whether and how to signal FBE configuration such as LBE/FBE mode and the fixed frame period?
· How the UE should conduct uplink transmissions especially on semi-statically and semi-persistently configured resources?

Several RACH opportunities are possible within a slot and UE is supposed to choose one of them of the RACH transmission. This involves some randomness which could be very challenging to address by the UE initiating the COT during idle mode. Also for URLLC applications, the focus of optimizing the functionality is mainly on connected mode. We therefore propose to restrict the UE-initiated COT to connected mode and the RACH transmission to be using the gNB-initiated COT.

Proposal 1: For FBE operation, UE-initiated COT is used for connected mode only. RACH transmission to use a gNB initiated COT in FBE.

As to signalling of FBE configuration and how the UE will conduct the UL transmission, there two possible options:
· Option 1: A UE dedicated fixed frame period with LBT at the frame boundaries
The UE could assume a second fixed frame period (FFP2) based on the cell’s configuration. FFP2 can be explicitly signaled by the cell or implicitly determined based on a periodicity of a type of uplink resources (E.g. CG resources). And FFP2 could be the same or different from the fixed frame period used by the gNB (FFP1).  
When the UE functions as an initiating device and acquires a channel occupancy time on its own to transmit an uplink signal/channel on an uplink resource, it conducts a listen-before-talk (LBT) clear channel access (CCA) of a fixed duration before the start of an uplink resource according to the second frame period configuration. 


· Option 2: The UE carrying LBT at both the frame boundaries and immediately before the transmission.  
The UE conducts a first listen-before-talk (LBT1) before the start of a fixed frame period. If LBT1 passes, the UE conducts a second listen-before-talk (LBT2) before an uplink resource within the frame. If LBT2 passes, UE conducts a transmission on the uplink resource. If the first LBT (LBT1) fails, the UE is not allowed to use uplink resource(s) in the fixed frame. The durations of LBT1 and LBT2 can be the same or different. 


Proposal 2: For FBE operation, for UE-initiated COT, the UE is explicitly signalled or implicitly determines a second fixed frame period which could be the same or different from the fixed frame period used by the gNB.

Proposal 3: For FBE operation, for UE-initiated COT,  before the UL transmission, the UE should: 
· Alt-1: Carry an LBT at the frame boundaries of a dedicated FFP
· Alt-2: Carry an LBT at both the frame boundaries and immediately before the transmission.  

Conclusion
In this contribution, we have made the following proposals:
Proposal 1: For FBE operation, UE-initiated COT is used for connected mode only. RACH transmission to use a gNB initiated COT in FBE.
Proposal 2: [bookmark: _GoBack] For FBE operation, for UE-initiated COT, the UE is explicitly signalled or implicitly determines a second fixed frame period which could be the same or different from the fixed frame period used by the gNB.

Proposal 3: For FBE operation, for UE-initiated COT,  before the UL transmission, the UE should: 
· Alt-1: Carry an LBT at the frame boundaries of a dedicated FFP
· Alt-2: Carry an LBT at both the frame boundaries and immediately before the transmission.  
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427314 Initiating Device Channel Access Mechanism

The Initiating Device (Frame Based Equipment) shall implement a Channel Access Mechanism that complies with the
following requirements:

D

2)

The Fixed Frame Periods supported by the equipment shall be declared by the manufacturer. See clause 5.4.1,
item q). This shall be within the range of 1 ms to 10 ms. Transmissions can start only at the beginning of a
Fixed Frame Period. See figure 2 below. An equipment may change its Fixed Frame Period but it shall not do
more than once every 200 ms.

Immediately before starting transmissions on an Operating Channel at the start of a Fixed Frame Period, the
Initiating Device shall perform a Clear Channel Assessment (CCA) check during a single Observation Slot.
The Operating Channel shall be considered occupied if the energy level in the channel exceeds the £D
Threshold Level (TL) given in point 6) below. If the Initiating Device finds the Operating Channel(s) to be
clear, it may transmit immediately. See figure 2.

If the Initiating Device finds an Operating Channel occupied, then there shall be no transmissions on that
channel during the next Fixed Frame Period. The Frame Based Equipment is allowed to continue Short
Control Signalling Transmissions on this channel providing it complies with the requirements given in
clause 4.2.7.3.3.

For equipment having simultaneous transmissions on multiple (adjacent or non-adjacent) Operating Channels,
the equipment is allowed to continue transmissions on other Operating Channels providing the CCA check did
not detect any signals on those channels.

The total time during which Frame Based Equipment can have transmissions on a given channel without
re-evaluating the availability of that channel. is defined as the Channel Occupancy Time (COT).

ETSI
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