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

Definitions and notations:
· FFP (fixed frame period): Tx = Period in ms, as defined in TS37.213 Clause 4.3.
· IP (idle period): Tz = max(0.05Tx, 100us), as defined in TS37.213 Clause 4.3.
· COT (channel occupancy time): the total time for which gNB/UE and any gNB/UE(s) sharing the channel occupancy perform transmission(s) on a channel after a gNB/UE performs the corresponding channel access procedures, as defined in TS37.213 Clause 4.0.
· FFP-g: FFP configured for gNB; FFP-u: FFP configured for UE;
· IP-g: idle period of FFP-g; IP-u: idle period of FFP-u;
· COT-g: gNB-initiated COT; COT-u: UE-initiated COT.


2. UE-initiated COT for FBE
2.1. COT association (CG PUSCH)
[bookmark: _Hlk67464632]Issue: When a configured UL transmission is aligned with a UE FFP boundary and ends before the idle period of that UE FFP associated to the UE, the following two alternatives on the COT association are agreed to be down-selected:
· 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.

In Alt-a, for the condition that UE determines that gNB COT is not initiated, there are two possible cases: Case 1: gNB COT is not initiated; Case 2: UE fails to detect the initiated gNB COT. For Case 2, there are misunderstandings between gNB and UE, i.e., gNB knows that gNB COT has been initiated (CG PUSCH should be transmitted according to gNB COT) while UE determines that gNB COT is not initiated (consequently, CG PUSCH is transmitted according to UE COT). A potential solution is utilizing CG-UCI. If CG-UCI is configured, the understandings can be aligned by indicating UE’s determination to gNB via CG-UCI. While Alt-b offers a simple deterministic method that keeps understandings between gNB and UE aligned.

Proposal 1: When a configured UL transmission is aligned with a UE FFP boundary and ends before the idle period of that UE FFP associated to the UE, the UE assumes that the configured UL transmission corresponds to UE-initiated COT (Alt-b as the first preference). Alt-a can be supported as the second preference.


2.2. COT association (DG PUSCH)
Issue: A remaining discussion point is whether a DG PUSCH should be transmitted according to shared gNB COT or UE-initiated COT, when the start of the PUSCH aligns with the start of an FFP-u. The following alternatives are for down-selection according to RAN1 104-e meeting agreement. 
· Alt-a: Determination based on the content in the scheduling DCI
· Alt-b: Determination based on the rules applied for a configured UL transmission

For DG PUSCH scheduled by a DCI format, the DCI format can also be used for COT related indication. The advantage is that gNB can flexibly and dynamically make the decision on COT association. Since ChannelAccess-CPext/ChannelAccess-CPext-CAPC field can be reused for this purpose, introduction of additional dedicated bit field is not necessary.

Proposal 2: Whether a UE-initiated COT is initiated to transmit a dynamic scheduled PUSCH is indicated by the DCI format scheduling the PUSCH, reusing ChannelAccess-CPext/ChannelAccess-CPext-CAPC field in the DCI format.

Issue: In Rel-17 DCI 0_2 and 1_2, whether to include ChannelAccess-CPext/ChannelAccess-CPext-CAPC field

It has been agreed in RAN1 #99 to include the ChannelAccess-CPext/ChannelAccess-CPext-CAPC field in non-fallback DCI formats. Accordingly, this field should have been also included in 0_2 and 1_2 in Rel-16 specification, which is common understanding. Thus, this issue should be fixed in Rel-17 FBE by including the ChannelAccess-CPext/ChannelAccess-CPext-CAPC field in DCI 0_2 and 1_2.

Proposal 3: In Rel-17 DCI 0_2 and 1_2, include ChannelAccess-CPext/ChannelAccess-CPext-CAPC field.

3. Harmonizing UL configured grant enhancements
Issue: In RAN1 104bis-e meeting, Option 2-b and Option 3 were removed. The discussion point is whether to decouple the RRC configuration for the CG-UCI based procedures and the CG-DFI based procedures.
· Option 1: Both “CG-UCI based procedures” and “CG-DFI based procedures” are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16.
· Option 2-a: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and cg-RetransmissionTimer-r16, respectively.
· Option 2-b: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and new parameter Y, respectively, where X and Y are different from cg-RetransmissionTimer-r16.
· Option 3: CG-UCI based procedures are supported for unlicensed. CG-DFI based procedures are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16

Our original consideration was that it is beneficial to separate independent features in Rel-17, which is currently configured by the single RRC parameter cgRetransmissionTimer in Rel-16. Firstly, Rel-16 NR-U CG-UCI feature can be helpful to improve latency performance when LBT failure occurs in the environment where transmissions from nodes are not fully controlled (e.g., a factory scenario deployed with gNBs from multiple vendors where scheduling/transmissions are not completely coordinated, although no interference from outside). On the contrary, one may argue that in a factory scenario deployed with gNBs from a single vendor where scheduling/transmissions are under control and coordination, it is fine to not configure Rel-16 NR-U CG-UCI feature. Secondly, there are use cases where only the CG-DFI based procedures are needed, e.g., for early termination of CG PUSCH repetition. If CG-UCI based procedures are enabled at the same time, UE has to multiplex CG-UCI bits in the CG PUSCH, which degrades reliability of the CG PUSCH. Furthermore, problems occur when the CG-UCI is not correctly decoded. However, if Rel-17 is not the proper timing to do the decoupling, Option 1 can work and is acceptable.

Proposal 4: Both “CG-UCI based procedures” and “CG-DFI based procedures” are enabled or disabled for unlicensed using cg-RetransmissionTimer-r16. (Option 1 can be supported.)
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4. Conclusion
[bookmark: _References]In this contribution, we provide the following proposals:

Proposal 1: When a configured UL transmission is aligned with a UE FFP boundary and ends before the idle period of that UE FFP associated to the UE, the UE assumes that the configured UL transmission corresponds to UE-initiated COT (Alt-b as the first preference). Alt-a can be supported as the second preference.

Proposal 2: Whether a UE-initiated COT is initiated to transmit a dynamic scheduled PUSCH is indicated by the DCI format scheduling the PUSCH, reusing ChannelAccess-CPext/ChannelAccess-CPext-CAPC field in the DCI format.

Proposal 3: In Rel-17 DCI 0_2 and 1_2, include ChannelAccess-CPext/ChannelAccess-CPext-CAPC field.

Proposal 4: Both “CG-UCI based procedures” and “CG-DFI based procedures” are enabled or disabled for unlicensed using cg-RetransmissionTimer-r16. (Option 1 can be supported.)
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Appendix: Related agreements
Agreements:
· Support explicit RRC configuration for the UE-FFP parameters including period and offset in RRC connected mode.

Agreements:
· For semi-static channel access mode, the offset value for configuration of a UE-FFP for a serving cell has a symbol level granularity.

Agreement:
· For semi-static channel access mode, in addition to the agreed set of period values for configuration of a UE-FFP for a serving cell:
· Do not support any additional period value

Agreement:
· For semi-static channel access mode, the starting point of first UE FFP for a serving cell
· is relative to the boundary of the radio frame of even index number (i.e. X=even indexed number in RAN1#104-e agreement).

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.

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
 
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

Conclusion:
· In semi-static channel access mode, a UE as an initiating device, is allowed to transmit during the idle period of any FFP associated with the serving gNB if the UE transmission is based on UE initiated COT 
· Note: the gNB may disallow UL transmission during symbols of the idle period by configuring them either as semi-static DL symbols, or indicating them as DL with SFI. 

Agreement:
· Option 2-b and option 3 are not considered further for the agreement in RAN1#103-e regarding CG harmonization
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