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In RAN1 #102e [1] work started for the uplink enhancements for URLLC in unlicensed controlled environments. The following is in scope for this topic:
1. Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
0.  Specify support for UE-initiated COT for FBE with minimum specification effort
0.  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum
In this contribution we discuss further enhancements required to enable efficient support of URLLC in unlicensed spectrum.
ETSI specifications [2]
Frame Based Equipment shall implement a Listen Before Talk (LBT) based Channel Access Mechanism to detect the presence of other RLAN transmissions on an Operating Channel.
Frame Based Equipment is equipment where the transmit/receive structure has a periodic timing with a periodicity equal to the Fixed Frame Period. A single Observation Slot as defined in clause 3.1 and as referenced by the procedure in clause 4.2.7.3.1.4 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.
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.

Agreements
During RAN1 #105-e meeting [3], the group  agreed on additional details of UE initiated COT for semi-static channel access.  
Agreement
Use Alt-a in semi-static channel access mode when a UE can operate as UE-initiated COT, to determine whether a configured UL transmission that is aligned with a UE FFP boundary and ends before the idle period of that UE FFP, is based on UE-initiated COT or sharing a gNB-initiated COT:
o	Alt-a: If the transmission is confined within a gNB FFP before the idle period of that gNB FFP, and the UE has already determined that gNB is initiated that gNB FFP, UE assumes that the configured UL transmission corresponds to gNB-initiated COT. Otherwise, UE assumes that the configured UL transmission corresponds to UE-initiated COT

Agreement:
In semi-static channel access mode when a UE can operate as initiating device, use Alt-a to determine whether a scheduled UL transmission is based on UE-initiated COT or sharing a gNB-initiated COT:
· Alt-a: Determination based on the content in the scheduling DCI
· FFS on whether the corresponding field(s) can be absent in DCI
· If absent, determination based on the rules applied for configured UL transmissions is applied
· FFS whether/how to handle the case when the gNB schedules an UL transmission in the next gNB’s FFP period
The above agreement, which approved the default presence of a DCI field to indicate the type of FFP for UL transmission scheduling, left for further discussions if this DCI field may be absent. We think that the field should be always present during the FBE operation when gNB schedules a UE UL transmission provided that the UE support UE COT initiation in FFP mode.  Such indication would avoid the necessity of additional rules to handle the situations when the field is missing. Examples of such situations could be scheduling beyond the COT duration, or scheduling when there are gNB and UE initiated COT overlaps, etc.  
Proposal 1: The field in DCI that determine whether a scheduled UL transmission is based on UE-initiated COT or shared gNB initiated COT cannot be absent in the FBE mode of operation when UE indicated the support of UE initiated COT.
The UE initiated COT starts with an UL transmission [2].  An example of such UL transmission that may initiate a COT can be a configured grant periodic/semi-persistent transmission.   There are however situations when a non-periodic/persistent transmission may be necessary. 
For instance, gNB may need to schedule a UE to send an aperiodic SRS or an aperiodic CSI-RS report. If this happens at the end of a COT, the gNB may need to wait until the next COT and then send a DCI with a scheduling grant. Additional delay will be added. However, if gNB can schedule at the end of COT the UL grant after the beginning of next COT, the response time can be substantially improved. 
In a different scenario UE may send request a scheduling request (SR) close to the end of a COT. If gNB can send a DCI with an allocation across COTs the latency of UL transmission can be reduced.
[image: ]
Figure 1, gNB schedules an UL grant beyond the current COT

Proposal 2: gNB can schedule an UL transmission later than the end of COT in the current FFP period.
There can be few possible ways to indicate the scheduled time, for instance we just give two examples:
· Have a DCI scheduled a transmission time larger than the current COT
· Have a DCI indication of the FFP index (0 means current) and the time of the UL transmission in that FFP (less than a COT duration)
When the UL transmission scheduled time is later than the end of COT of the current FFP, UE determines the FFP where to execute the UL transmission by calculating the difference between scheduled time and end of COT and dividing to the FFP duration, or equivalently by starting a timer when receives the scheduling DCI, stopping the timer when the current COT ends and continuing the timer increment in the next corresponding COT as instructed in the DCI.
However, it could happen, that gNB or UE cannot initiate COT in the next FFP due to LBT failure. In this case the device (gNB or UE) needs to wait for another FFP period before trying to initiate a new COT. If a UL transmission is scheduled in the failed FFP the UE must postpone the schedule transmission to the next FFP. Therefore, when a UL transmission is scheduled for a future FFP (either in a gNB-FFP or UE-FFP) and that FFP cannot be initiated, the UL transmission is postponed to the next FFP that can be initiated (by the gNB or UE). Examples of such transmissions are CSI-RS report, SRS, data, etc.
Proposal 3: If a UL transmission is scheduled for a future FFP (either in a gNB-FFP or UE-FFP) and that FFP cannot be initiated, the transmission is postponed to the next FFP that can be initiated (by the gNB or UE). 
Scheduling in a next FFP may be dependent on the type of UL transmission, such as data, SRS, or CSI. In addition, the postponement of the data may also be dependent on the type of transmission and/or its priority. For example, any transmission may be allowed in a next FFP, but further postponement may only be allowed for A-SRS or A-CSI reports.

One additional issue to be solved is the type of FFP configuration to be used for a postponed transmission. If the scheduling DCI indicates that the UL transmission scheduled after the end of current COT should be done in a gNB initiated COT or UE initiated COT, the UE may wait for respective gNB initiated COT or UE initiated COT in order to transmit. That is if the COT initiation fails the UE will wait until the corresponding (necessary) COT is initiated. To calculate the time or slot index for UL transmission, the UE just stop the slot counter when the COT (where the scheduling DCI is received) ends and continue incrementing the counter when the corresponding initiated COT starts. There could be some situations where there are consistent LBT failures. In these cases, a default timer can be considered that starts when the cross-COT scheduling DCI is received. If the timer expires before the COT indicated in DCI can be initiated, the UE may cancel its transmission and request for new resources at the first opportunity.

In IIoT and URLLC applications there are transmissions triggered by periodic events such as measurements and reports, and transmissions triggered by unplanned events such as alarms. To deal with unexpected/unplanned situations and schedule some higher priority transmissions over already scheduled periodic/semi-persistent transmissions a gNB should be able to cancel pending transmissions including those UL transmissions that can initiate a COT. A possible solution is the activation/deactivation of CG Type 2 PUSCH.  Additional modes of cancellations can be also considered.
Proposal 4: A gNB may cancel UL transmissions pending in future FFP including canceling future UE initiated COT in the future FFPs for instance by canceling the transmission that initiate the COT. Details of cancellations are TBD (DCI, DCI 2_0, timer, etc).
To accommodate multiple UEs that independently initiated overlapping COTs, gNB may request UEs to switch to a different FFP configuration. For instance, gNB may signal UEs to switch to the gNB FFP configuration and gNB initiated COT, which would bring UEs in sync.  
Proposal 5: gNB may indicate UEs to switch between FFP configurations, for instance from UE FFP to gNB FFP during current UE initiated FFP or at future FFP boundaries. Details for signaling TBD.
In unlicensed spectrum link failure could happen more often than in the licensed spectrum. In the case of link failure the NR-U FFP configuration might need to be reset.For instance, in case of link failure UE will switch to gNB FFP configuration i.e. waiting for a gNB initiated COT or a default FFP configuration may be configured by gNB for the link failure situation. If there is a link failure UE switches to the default configured FFP configuration.
Similarly, for the case of consistent LBT failures, which may be different of link failure, the UE FFP configuration can fallback to a default configuration after a number of FFP failures due to the LBT failures.

Proposal 6: In case of consistent LBT failures or link failure UE switches to a default FFP configuration. 


Conclusions
Proposal 1: The field in DCI that determine whether a scheduled UL transmission is based on UE-initiated COT or shared gNB initiated COT cannot be absent in the FBE mode of operation when UE indicated the support of UE initiated COT.
Proposal 2: gNB can schedule an UL transmission later than the end of COT in the current FFP period.
Proposal 3: If a UL transmission is scheduled for a future FFP (either in a gNB-FFP or UE-FFP) and that FFP cannot be initiated, the transmission is postponed to the next FFP that can be initiated (by the gNB or UE).
Proposal 4: A gNB may cancel UL transmissions pending in future FFP including canceling future UE initiated COT in the future FFPs for instance by canceling the transmission that initiate the COT. Details of cancellations are TBD (DCI, DCI 2_0, timer, etc).
Proposal 5: gNB may indicate UEs to switch between FFP configurations, for instance from UE FFP to gNB FFP during current UE initiated FFP or at future FFP boundaries. Details for signaling TBD.
Proposal 6: In case of consistent LBT failures or link failure UE switches to a default FFP configuration. 
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