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During RAN1 #106b-e, enhancements to enable URLLC in unlicensed controlled environments were discussed [2]. The topic is split up into two main discussions, a first to enable support for UE-initiated COT for FBE and the second to harmonize UL CG enhancements agreed for NR-U and URLLC in Rel-16. In this contribution we discuss remaining issues to support UE-initiated COT for FBE and PUSCH repetition.
UE-initiated COT for FBE
It was agreed at RAN1 #103-e that UE and gNB FFPs may have different offset start times and periodicities. For example, a gNB FFP can start at slot 0 and last 10 slots, whereas a UE FFP can start at slot 5. The UE’s FFP start times can be associated with a CG resource, such that a UE can initiate a COT to transmit on the CG resource if no ongoing COT is previously initiated by the gNB. If a UE has a transmission to perform in a CG resource, the UE must determine whether to use an ongoing COT initiated by the gNB or whether to initiate its own COT.
For configured transmissions occurring at the beginning of a UE FFP, the following was agreed at RAN1 #105-e:
· Alt-a is taken in the following agreement:
Agreement:
In semi-static channel access mode when a UE can operate as UE-initiated COT,
· Select one of the following alternatives 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:
· 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
· Alt-b: The UE assumes that the configured UL transmission corresponds to UE-initiated COT..
However blindly using the gNB-initiated COT has drawbacks as well. A COT could be initiated by the gNB in a slot for a specific type of transmission. For example, the COT may be initiated for high priority transmission. A UE having data to transmit may wish to use the configured resource occurring in a slot overlapped by the gNB-initiated COT. However, if the UE wishes to use the COT initiated by the gNB it is restricted in terms of the priority of the transmissions that can occur in the COT. Furthermore, there may be cases where a UE is not aware that a gNB has initiated a COT, for example if it has mis-detected a DL transmission. An IDLE/INACTIVE mode UE may also not be aware of whether there is a gNB-initiated COT when transmitting PRACH.
In RAN1 #106b-e, the following was agreed:
Agreement
In semi-static channel access mode, a DL transmission burst based on sharing of a UE initiated COT corresponding to a UE FFP, shall include scheduled DL transmission or a DCI intended for the UE that initiated that FFP.
· A DL transmission to any other UE in the cell than the COT initiating UE and/or a broadcast transmission can be additionally included in the DL transmission burst if the gNB fulfils the following condition:
· It is gNB‘s responsibility to ensure that other UEs do not assume gNB-initiated COT based transmission for a UL transmission based on the detection of any transmission in the DL transmission burst.

A UE receiving a transmission from a gNB may incorrectly determine the COT initiating node. There may therefore be ambiguity as to whether the UE is sharing a gNB-initiated COT or has initiated a COT itself for an uplink transmission.
The implication from the RAN1 #105-e agreement is that a gNB can expect a UE to share its COT if it has initiated one and to initiate a new COT if the gNB has not initiated one. However, there may be instances where a UE has not detected an ongoing gNB-initiated COT, possibly due to PDCCH misdetection or an IDLE more UE transmitting PRACH or an INACTIVE mode UE performing an UL transmission. In addition, when a gNB can share another UE’s COT, it is possible the UE misunderstands the COT initiator for a gNB’s transmission prior to its UL transmission. In such cases, there may be a misunderstanding between the UE and the gNB as to who initiated the COT and, more importantly, the COT parameters.
Therefore, means are required to enable a UE to indicate whether it has initiated a COT for an FFP or it is sharing a gNB-initiated COT. This removes ambiguity between a UE and gNB as to who initiated the COT. Furthermore, this can ensure appropriate use of the COT, for example what idle period to follow. 
The indication should be transmitted by the UE, in a manner possibly similar to, or included in, a CG-UCI. Such an indication could be included only in a first UL transmission in a newly initiated COT, or in a specific resource dedicated for the transmission of the indication.
For the case where a UE initiates a COT in resources overlapping those of an ongoing gNB-initiated COT, the new UE-initiated COT’s idle period configuration should be observed. 
Proposal 1: A UE sends an indication of the COT used for a configured transmission (gNB-initiated or UE-initiated).

For scheduled UL transmissions, it was agreed at RAN1 #106-e that a scheduling DCI indicates the assumption on the COT-initiator. The following agreement was also reached at RAN1 #106-e:
Agreement
In semi-static channel access mode, when the gNB schedules by a DCI a UL transmission in a later g-FFP that is different from the g-FFP that carries the scheduling DCI:
· The UE follows the indicated COT initiator as the following:
· If the UE validates the indicated COT initiator assumption and satisfies the applicable sensing conditions, the transmission occurs. Otherwise, the transmission is dropped.
For scheduled DL transmissions in a later g-FFP, there are cases where there may be misalignment, between the UE and gNB, in understanding the COT initiator. For example, prior to a DL transmission, a UE may initiate a COT for a transmission (e.g. on a CG resource). In such a case, the gNB may share the COT and may not need to initiate a new COT for a DL transmission. However, the gNB would not have been aware of this at the time of scheduling the DL transmission. In addition, a DL transmission to a first UE may share a COT initiated by a second UE. However, in such a case, the first UE may not share the COT for transmissions in the UL. For these cases, it is unclear how the first UE would determine the COT initiator.
To ensure common understanding of the COT initiator, a UE should be indicated the COT initiator associated to a DL transmission. Moreover, unlike for UL, there is no reason to assume transmission is dropped if the COT initiator assumption determined by the UE is different from that indicated in the scheduling DCI.
Proposal 2: A UE is indicated the COT initiator associated to a DL transmission.
PUSCH Repetition
In PUSCH Type B repetition, nominal repetitions determine the over-all time allocation and actual repetitions cannot map to non-adjacent symbols and cannot cross slot boundaries. To enable PUSCH Repetition Type B to work in unlicensed bands, the following agreements were reached during RAN1 #106b-e:
Agreement
In semi-static channel access mode, for PUSCH repetition Type B, orphan symbol(s) are dropped as in Rel-16
Agreement
In semi-static channel access mode, for PUSCH repetition Type B: If a nominal repetition overlaps with a set of symbols in an idle period associated to gNB’s FFP in case UE shares gNB-initiated COT for the nominal repetition or associated to UE’s FFP in case UE assumes UE-initiated COT for the nominal repetition, all the symbols in the idle period should be considered as invalid symbols which are not considered for an actual repetition as in Rel-16.
· Segmentation before and/or after the idle period is applied when applicable.
· FFS on impact of processing timeline for PUSCH on the UE behaviour

When transmitting CG in unlicensed spectrum, the UE may include CG-UCI. The CG-UCI need not be present in ever nominal or actual repetition. For example, the CG-UCI can be included only in a first repetition or a first repetition after an idle period. The CG-UCI can further be used to ensure there is no ambiguity as to which node the UE assumes as the COT initiator for one or more CG repetitions.
Proposal 3: CG-UCI is transmitted in a first actual repetition and a first actual repetition after an idle period.
Conclusion
In this contribution we discuss UE initiated COTs for FBE and PUSCH repetition. Enhancements are required for both to ensure appropriate functioning of URLLC in controlled environments using unlicensed spectrum. We provide the following observations and proposals:
Proposal 1: A UE sends an indication of the COT used for a configured transmission (gNB-initiated or UE-initiated).
Proposal 2: A UE is indicated the COT initiator associated to a DL transmission.
Proposal 3: CG-UCI is transmitted in a first actual repetition and a first actual repetition after an idle period.
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