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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.  Configuration of FFP-u periodicity and offset
Range of FFP-u periodicity
It has been agreed to reuse gNB FFP periodicity range and additional values are FFS [2]. Assuming that the main purpose of UE-initiated COT is for CG PUSCH transmission, the range of FFP-u periodicity should refer to the range of CG PUSCH periodicity configuration. In addition, factors including regulation constraints and unlicensed operation SCS should also be taken into consideration, resulting in:

· [1, 10] ms (regulation)
· {1, 2, 2.5, 4, 5, 8, 10} ms (CG PUSCH periodicity)

Proposal 1: In additional to the agreed UE FFP periodicity range of {1, 2, 2.5, 4, 5, 10}, 8 ms can be added to better support CG PUSCH transmission.

Definition of the time offset
It has been agreed to introduce a time offset configuration for FFP-u. An agreement FFS of the last meeting is to clarify the definition from at least two interpretations as follows: 
· Option 1: from the start of SFN 0 to the start of the first FFP-u
· Option 2: from the start of an even-indexed SFN to the start of the first FFP-u
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Figure 1: Options on definition of the time offset.

Considering that the CG PUSCH is a main use case of UE-initiated COT, Option 1 is a better choice since it is difficult to align periodicities of CG PUSCH and FFP-u with Option 2.

Proposal 2: Time offset for UE FFP is from the start of SFN 0 to the start of the first UE FFP.
 
2.2.  COT association (DG PUSCH)
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 3: 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.

2.3.  COT association (CG PUSCH)
[bookmark: _Hlk67464632]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 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 misaligned understandings 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). Alt-a is complicated but still causes uncertainty on the COT association. On the contrary, Alt-b offers a simple deterministic method that keeps understandings between gNB and UE aligned.

Proposal 4: 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.

3. Harmonizing UL configured grant enhancements
In last meeting, RAN1 common understanding was achieved such that RAN2 agreement does not intend to preclude any of following options. Hence, RAN1 has to make decision by itself and discussion should be continued based on the RAN1 103-e agreement:
· 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


Table 1: CG features supported in Rel.16 NR-U and Rel.16 URLLC
	CG features
	Rel.16 URLLC
	Rel.16 NR-U

	Multiple CG configurations
	Supported 
	Supported 

	HARQ process number/ ID determination
	Associated with the configured/indicated first TO, calculated based on the equation defined in TS 38.321
	Decide and reported by the UE in CG-UCI

	Management of HARQ process number/ ID among multiple CG configurations
	Not shared between different CG configurations in the same BWP
	Can be shared between different CG configurations in the same BWP

	RV determination 
	One of the three RV sequence can be configured and associated with TO
{0,0,0,0}; {0,3,0,3}; {0,2,3,1}
	Decide and reported by the UE in CG-UCI

	Flexible initial transmission occasion (TO) 
	If the CG is configured with Configuredgrantconfig-StartingfromRV0 set to 'off', the initial transmission only starts at the first TO of the K repetitions; otherwise, the initial transmission TO depends on the configured RV sequence and K repetitions. 
	Multiple consecutive potential TOs are configured by cg-nrofPUSCH-InSlot-r16 and cg-nrofSlots-r16, can start initial transmission at any TOs depending on the LBT results.

	CG-Downlink feedback information (DFI)
	No support. If Re-scheduling UL grant is not received, UE assumes ACK.
	Support, If CG-DFI is not received, UE assumes NACK. 

	CG Re-transmission scheme
	Only support Re-transmission scheduled by UL grant
	Support automatic re-Transmission on the same or different CG configuration decided by UE, and support re-Transmission scheduled by UL grant

	CG Re-transmission timer
	No support
	Support and always configured



For the CG features listed in the above table, it is better to separate independent features configured by Rel-16 cgRetransmissionTimer and define new corresponding RRC parameter if necessary. To efficiently exploit CG features developed in Rel-16 without much specification effort, each independent CG function can be switched between Rel-16 URLLC CG and Rel-16 NR-U CG by parameter configuration when both may be needed. From our point of view, potential independent features are listed as follows.
· HPN determination, HPN management, and RV determination (configured by new parameter X)
· Flexible initial TO (configured by a new parameter)
· DFI, CG retransmission scheme and timer (configured by cgRetransmissionTimer)

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. Thus, our view is that Option 3 in the agreement is not preferred.

Furthermore, consider the case only the CG-DFI based procedures are needed 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. Thus, CG-DFI based procedures should be independently configurable from CG-UCI based procedures. Thus, our view is that Option 1 in the agreement is not preferred. 

Proposal 5: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter. Support either Option 2-a or Option 2-b.


4. Conclusion
[bookmark: _References]In this contribution, we provide the following proposals:
Proposal 1: In additional to the agreed UE FFP periodicity range of {1, 2, 2.5, 4, 5, 10}, 8 ms can be added to better support CG PUSCH transmission.

Proposal 2: Time offset for UE FFP is from the start of SFN 0 to the start of the first UE FFP.

Proposal 3: 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 4: 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.

Proposal 5: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter. Support either Option 2-a or Option 2-b.
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Appendix: Related agreements
Agreement:
· PUSCH repetition Type B is supported for unlicensed band operation when using NR IIoT Rel-16 based CG
· FFS whether/how to enhance

Agreement:
· In semi-static channel access mode, UE FFP periodicity is chosen from the following set of values in ms: {1, 2, 2.5, 4, 5,10}.
· FFS on other values 

Agreement:
· In semi-static channel access mode:
· An FFP period for UE-initiated COT is configured as the same, integer multiple of, or inter-factor of the FFP period configured for gNB-initiated COT 
· FFP period for UE-initiated COT can be configured independently from FFP period of gNB-initiated COT, if the UE indicates the corresponding capability
· FFP offset for UE-initiated COT is the starting point of first UE FFP relative to the radio frame X boundary.
· The offset value range is 0 ≤ offset ＜FFP period of UE-initiated COT
· FFS on X (e.g. X=0, or X= even index number)

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

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.
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Agreement:
· In semi-static channel access mode, sharing a UE initiated COT through the gNB to other intra-cell UEs for UL transmissions, is not supported.
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