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[bookmark: _Ref513464071]Introduction
During RAN1 #105-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

In RAN1 #102-e it was agreed that a UE can initiate a COT in an FFP when in CONNECTED mode and it was left FFS for IDLE/INACTIVE modes.
Agreements:
· For semi-static channel access mode, support using the transmission of any scheduled/configured UL channel/signal to initiate a COT by a UE in RRC_CONNECTED mode
· FFS the case when the UE is IDLE/INACTIVE mode

[bookmark: _Hlk54357602]If a UE in INACTIVE mode cannot initiate a COT in an FFP, then it would have to wait until the gNB acquires a COT in a gNB FFP. This can lead to an undue increase in channel access latency. Furthermore, similar to the motivation for enabling UE-initiated COTs, if a UE cannot initiate a COT when in IDLE mode, it would require the gNB to initiate COTs in all FFPs overlapping PRACH occasions, just to enable UEs to transmit PRACH. The FFP configuration for IDLE mode UEs could be broadcasted. One argument against enabling UEs to initiate COTs when in IDLE mode is that the UE may not already be configured with URLLC operation and therefore RA latency is not an issue that requires a solution. However, there are reasons why a URLLC UE may need to perform random access, whether it be to transition from RRC INACTIVE state or to handle RLF. For example, a URLLC UE declaring RLF needs to perform RA and any additional latency associated with a UE being incapable of initiating a COT, should be avoided.

Proposal 1: IDLE/INACTIVE mode UEs can initiate COTs in FBE at least for PRACH transmission.

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.
The implication from the 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. Furthermore, an IDLE/INACTIVE mode UE may also not be aware of whether there is a gNB-initiated COT when transmitting PRACH. 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 when it has initiated a COT for an FFP or when 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 if the CAPC of the LBT has changed from a gNB-initiated COT to a new UE-initiated COT. 
The indication can be implicit, for example as determined by the type of UL transmission. Otherwise the indication could be an explicit signal transmitted by the UE, 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. It is FFS if the original gNB-initiated COT’s idle period should be observed, at least by the gNB.

Proposal 2: A UE sends an indication of the COT used for a configured transmission (gNB-initiated or UE-initiated).

For scheduled UL transmissions, the following agreement was reached 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 initiating device,
· Select one of the following alternatives 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
· Alt-b: Determination based on the rules applied for a configured UL transmission

For cases when the gNB schedules a transmission in the next gNB FFP period, the following agreements were reached at RAN1 #104b-e:
Agreement:
· In semi-static channel access mode, the gNB can schedule by a DCI UL transmission(s) in a later g-FFP that is different from the g-FFP that carries the scheduling DCI. 
· The UL transmission can occur only if the corresponding channel access requirements are met.
· FFS on details.
Agreement:
· In semi-static channel access mode, the gNB can schedule by a DCI  DL transmission(s) in a later g-FFP that is different from the g-FFP that carries the scheduling DCI. 
· The DL transmission can occur only if the corresponding channel access requirements are met.
· FFS on details.

For UL transmissions, it cannot be guaranteed that the gNB will successfully initiate a COT in the subsequent g-FFP. In such a case, the UE should operate as for configured transmissions. For DL transmissions, a UE may initiate a COT (e.g. for a configured transmission) prior to and overlapping the resources of the DL transmission. Means may be required to determine whether the gNB shares the UE-initiated COT or is always expected to initiate a new COT. If the COT was initiated by another UE, the UE receiving the DL transmission may need to be made aware of this, as it may make incorrect assumptions as to the ongoing COT’s parameters.

Proposal 3: For an UL transmission scheduled in a subsequent g-FFP, the UE operates based on the rules applied for a configured UL transmission.
Proposal 4: For a DL transmission scheduled in a subsequent g-FFP, study how the UE determines the COT initiator associated to the DL transmission resource.

PUSCH Repetition
In RAN1 #104-e it was agreed that PUSCH repetition Type B is supported for unlicensed band operation when using NR IIoT Rel-16 based CG.
Agreement:
· PUSCH repetition Type B is supported for unlicensed band operation when using NR IIoT Rel-16 based CG
· FFS whether/how to enhance

In RAN1 #104b-e, the following was agreed:
Agreement:
· Select one of the following options (aiming for RAN1#105-e):
· Option 1: Do not support PUSCH repetition Type Bwhen using based on NR-U Rel-16 based CG for unlicensed band operation.
· Option 2: Support enhancements of PUSCH repetition Type B when using based on NR-U Rel-16based CG for unlicensed band operation. FFS whether/how to enhance

Repetition Type B allows sub-slot repetitions which is beneficial to IIoT given that it can reduce the over-all latency. Sub-slot repetition was also deemed valuable in Rel-16 NR-U and a modified PUSCH Repetition Type A was specified. The benefit of sub-slot repetition for unlicensed band operation is that it can reduce the number of gaps between repetitions and therefore reduces the need for an LBT operation prior to every repetition and the associated risk of losing the channel between repetitions. In the enhanced PUSCH Type A repetition scheme adopted for NR-U, every slot must have the same number of repetitions with the same TDRA. This leads to a reduction in scheduling flexibility, since the number of repetitions in a slot are therefore dependent on the length of the allocation. The gaps between repetitions also depend on the length of the allocation.
PUSCH Repetition Type B is much more flexible than the enhanced PUSCH Repetition Type A. This is even more beneficial for unlicensed band operation, given that it can further reduce the number of gaps between repetitions.

Proposal 5: Support enhancements of PUSCH repetition Type B based on NR-U Rel-16 CG for unlicensed band operation (Option 2).

Enhancements to support PUSCH repetition Type B based on NR-U Rel-16 CG includes studying whether to include the CG-UCI in each actual repetition or once per nominal repetition or once per set of repetitions.
During RAN1 #104b-3, the following was agreed:
Agreements
· For PUSCH repetition Type B enhancements on unlicensed spectrum, further study whether PUSCH segmentation should take into account the idle period of an FFP. 
· FFS on details
Agreements
· For PUSCH repetition Type B enhancements on unlicensed spectrum, further study whether orphan symbol(s) are transmitted if they are between two actual repetitions that are transmitted. FFS on details

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, enhancements are required to handle channel access and COT durations. Gaps in repetition caused by DL slots may lead to a required LBT operation prior to a subsequent actual repetition. In such a case, the gap size between the DL transmission (if any) and the UL repetition transmission may be used to determine the LBT Type required prior to the repetition transmission. Moreover, frequency hopping among LBT BWs can also lead to required LBT operations. Resources may also be dedicated to performing the LBT operation. For example, a first symbol of a repetition occurring after a DL slot, or a frequency hop may be reserved for LBT. At least in LBE, a COT may end in the middle of a slot. In such a case, LBT is required to be performed prior to another transmission in the slot. Therefore, it is desirable that an actual repetition does not overlap multiple COTs. Furthermore, if a COT ends in the middle of a nominal repetition, there should be resources reserved prior to the first actual repetition of a new COT to perform CAT4 LBT. In FBE operation, transmission of a repetition should not overlap an idle period. Therefore, if a set of repetitions requires multiple FFPs, segmentation of nominal repetitions should consider at least the idle period of the COT initiator.
In Rel-16, it was specified that no transmission should be performed on orphan symbols. However, in unlicensed spectrum, skipping such resources may lead to losing a COT or requiring LBT. This is especially critical if there are two adjacent orphan symbols (e.g. straddling a slot boundary) creating a larger transmission gap. Therefore, conditions for when to transmit on orphan symbols should be studied. For example, if the gap created by an orphan symbol (or adjacent orphan symbols) is greater than that which is allowable without requiring LBT, the UE should transmit on the orphan symbol. What to transmit on an orphan symbol should also be studied. For example, a CG-UCI of an associated (e.g. subsequent) transmission could be transmitted on an orphan symbol.

Proposal 6: PUSCH Type B repetition is enhanced such that segmentation considers LBT, idle period of an FFP and COT duration.
Proposal 7: A nominal PUSCH Type B repetition overlapping a COT boundary is segmented into two actual repetitions.
Proposal 8: Allow transmission on orphan symbols. FFS conditions when to transmit on orphan symbols and contents of orphan symbol transmission.

In Rel-16 multi-TTI scheduling was also specified for NR-U. The benefits of multi-TTI scheduling are especially felt when full slot TDRA is used. This not only reduces the amount of scheduling signaling, but also removes gaps between each PUSCH, and thus the need for LBT prior to every PUSCH. For URLLC, multi-TTI scheduling would benefit if it could be used in conjunction with PUSCH Repetition Type B, thus removing the need for each PUSCH to be full slot.

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: IDLE/INACTIVE mode UEs can initiate COTs in FBE at least for PRACH transmission.
Proposal 2: A UE sends an indication of the COT used for a configured transmission (gNB-initiated or UE-initiated).
Proposal 3: For an UL transmission scheduled in a subsequent g-FFP, the UE operates based on the rules applied for a configured UL transmission.
Proposal 4: For a DL transmission scheduled in a subsequent g-FFP, study how the UE determines the COT initiator associated to the DL transmission resource.Proposal 5: Support enhancements of PUSCH repetition Type B based on NR-U Rel-16 CG for unlicensed band operation (Option 2).
Proposal 6: PUSCH Type B repetition is enhanced such that segmentation considers LBT, idle period of an FFP and COT duration.
Proposal 7: A nominal PUSCH Type B repetition overlapping a COT boundary is segmented into two actual repetitions.
Proposal 8: Allow transmission on orphan symbols. FFS conditions when to transmit on orphan symbols and contents of orphan symbol transmission.
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