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Introduction
In RAN1 #104, some agreements were achieved. In this contribution, we show our views on the enhancements on Rel-17 unlicensed band URLLC/IIoT.
Discussion
UE-initiated COT for FBE
· Determination of shared gNB COT or UE-initiated COT for scheduled UL transmission 
In RAN1 e-meeting #104, the following agreement was achieved for how to determine a shared gNB COT or a UE-initiated COT for scheduled UL transmission.
	Agreements:
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




If UE is scheduled with an UL resource for UL transmission, and the starting position of the UL resource is aligned with the configured dedicate FFP for the UE, and the UL resource is also within a COT of gNB FFP, then the UE should determine whether the UE shall initiate a COT or simply use the gNB initiated COT for the UL transmission. 
For the case that UE is scheduled the UL transmission by a UL grant, the COT selection can be controlled by the network, e.g. explicitly or implicitly indicated by the channel access indication, e.g., ChannelAccess-CPext field in the DCI. 
Proposal 1: UE should determine the initiator of a COT based on content in DCI. 
· Determination of shared gNB COT or UE-initiated COT for configured UL transmission 
In RAN1 e-meeting #104, the following agreement was achieved for how to determine a shared gNB COT or a UE-initiated COT for configured grant UL transmission.
	Agreements:
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.
· Alt-c: The UE assumption on whether the configured UL transmission is allowed to correspond to UE-initiated COT is based on gNB configuration.
  



If UE is configured with an UL resource for UL transmission, and the starting position of the UL resource is aligned with the configured dedicate FFP for the UE, and the UL resource is also within a COT of gNB FFP, then the UE should determine whether the UE shall initiate a COT or simply use the gNB initiated COT for the UL transmission. 
For configured grant uplink transmission, for simplicity, the LBT type can be determined by a predefined rule, i.e., Alt-a is preferred. 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.
Proposal 2: Alt-a should be adopted for UE to determine the initiator of a COT for configured grant uplink transmission.
· Cancellation of UE-initiated COT 
If a UE is configured with a UE-specific FFP, whether the UE can initiate a COT within the UE-specific FFP or not should be controlled by gNB, to avoid the possible collision between gNB FFP and UE FFP or between UE FFPs. In Rel-15 and Rel-16, DCI format 2_0 can be used to cancel the configured uplink transmission, thus it can be used directly to cancel UE-initiated COT at least for the case that the configured uplink resource is aligned with the starting position of the UE-specific FFP, by reusing current cancellation principle. 
Proposal 3: DCI format 2_0 can be used to cancel UE-initiated COT at least for configured uplink transmission.
· Differentiation of gNB-initiated COT and UE-shared COT for DL transmission
In Rel-16 NR-U, since UE is not allowed to initiate a COT, the UE may transmit a UL transmission burst within one FFP after detection of a DL transmission burst in the same FFP by sharing a gNB-initiated COT. But when the UE is allowed to initiate a COT, gNB may transmit a DL transmission burst either by initiating a COT or sharing a UE-initiated COT. If gNB transmits a DL transmission burst by sharing an UE-initiated COT, then the UE is not supposed to transmit a UL transmission burst after detection of the DL transmission burst in the same FFP. Thus the UE should be aware of whether a DL transmission burst is transmitted within a gNB-initiated COT or within a UE-shared COT. One simple solution is that gNB can configure UE to monitor a group-common PDCCH at the beginning of the gNB FFP. If UE detects the PDCCH, then it can determine the detected DL transmission burst is within a gNB-initiated COT, otherwise, it can determine the detected DL transmission burst is within a UE-shared COT.
Proposal 4: A group-common PDCCH transmitted at the beginning of the gNB FFP can be introduced to help UE differentiate whether the UL resource is within a gNB-initiated COT or not.
Harmonizing configured grant 
NR-U configured grant is introduced in NR-U to increase transmission opportunity and reduce latency. NR configured grant is introduced in NR Rel-15 to reduce latency. 
NR-U configured grant takes LAA-CG as baseline and provides more flexibility with following features mainly:
· CG-UCI carries HARQ management and COT-sharing information to provide transmission flexibility.
· Flexible time domain resource allocation is applied to support PUSCH repetition/multiple PUSCH transmission. 
· CG-DFI is introduced to avoid issue from HARQ-ACK feedback delay due to unexpected transmission opportunity.
· Multiple configured grant mechanism is used to support multiple service and continuous resource allocation.
· CG timer based auto-retransmission mechanism overcomes deficient DL grant problems due to access failure.
Comparing NR-U configured grant, NR configured grant is briefer and aims to reduce latency with following features mainly:
· CG timer based HARQ-ACK feedback simplifies HARQ-ACK feedback procedure and avoids HARQ-ACK feedback overhead. 
· Type A and Type B PUSCH repetition with flexible starting point is benefit for low latency. 
· Multiple configured grant mechanism is used to support multiple service.
· HARQ management based on time domain resource allocation avoids UCI design and UCI transmission.
NR-U configured grant seems more flexible and complex, however there are some issues to support URLLC/IIoT:
· PUSCH resource allocation enhancement
According to agreement last meeting, Type B PUSCH repetition scheme in NR configured grant should be supported in unlicensed band. For unlicensed band, fail to access can not be avoided completely. To ensure that URLLC traffic can transmit as early as possible, multiple-PUSCH mode in NR-U is still needed. So harmonization for NR-U PUSCH repetition and Type-B repetition should be considered.
Proposal 5: Harmonization for NR-U PUSCH repetition and Type-B repetition, e.g. NR-U PUSCH repetition allowing slot boundary, should be considered to ensure continuous transmission.
· Configuration of CG-UCI and CG-DFI procedure
In RAN1 e-meeting #103, the following agreement was achieved [2].
	Agreements:
Down-select one of the following options (target RAN1#104-e):
· 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
· Note: Procedures based on CG-UCI rely on UE including CG-UCI in CG PUSCH at least as in Rel-16 where the values of the respective fields of CG-UCI are decided by UE.
· Note: Procedures based on CG-DFI rely on automatic re-transmission on CG configuration and reception of CG downlink feedback information (DFI) in DCI for re-transmissions. 




For CG-UCI procedure, in RAN2 112e meeting, there are agreements on cg-RetransmissionTimer and CG-UCI, as shown in the following:
	3When cg-RetransmissionTimer is configured, Rel-16 NR-U mechanism is used for HARQ process ID and RV selection.
4When cg-RetransmissionTimer is not configured, Rel-16 URLLC mechanism may be used for HARQ process ID and RV selection.


According the above agreements, if cg-RetransmissionTimer is configured, CG-UCI must to be configured to ensure keep the same HARQ process ID and RV selection procedure as Rel-16 NR-U. However, if cg-RetransmissionTimer is not configured, it is not clear whether CG-UCI is still transmitted. From COT sharing perspective, CG-UCI transmission is helpful. However, COT sharing is not mandatory for unlicensed spectrum, in contrast, CG retransmission is more important for unlicensed spectrum. It is unclear to support COT sharing but not support CG retransmission. Moreover, to utilize COT resource fully, COT window can be configured to match CG resource. And CG resource is preconfigured, it is easy to match COT window and CG resource. So it is not necessary to transmit CG-UCI for COT sharing only. So, it is preferred that CG-UCI is configured by cg-RetransmissionTimer.
For CG-DFI procedure, it is configured by cg-minDFI-Delay. CG-DFI is used to enhance CG retransmission or early termination. For CG retransmission, CG-DFI should be bundled with CG-UCI. For early termination, it is not necessary for URLLC due to gain from early termination for short transmission duration for URLLC is very limited. So, it is preferred to keep current procedure, that CG-DFI is configured by cg-minDFI-Delay under the condition that cg-RetransmissionTimer is configured.
Proposal 6: Option 1 is preferred that CG-UCI procedure and CG-DFI procedure follow R16 NR-U mechanism. CG-UCI procedure is configured by cg-RetransmissionTimer and CG-DFI is configured by cg-minDFI-Delay under the condition that cg-RetransmissionTimer is configured.
· cg-RetransmissionTimer Configuration 
According the agreement last meeting, At least for FBE, configuration of (cg-RetransmissionTimer) should not be mandated when configured grant Type 1 or Type 2 are configured on unlicensed spectrum. And cg-RetransmissionTimer is a configured grant specific parameter and can be configured for each configured grant independently. For multiple configured grant cases, parts of configured grants can be configured with cg-RetransmissionTimer and parts of configured grants cannot be configured with cg-RetransmissionTimer.
Proposal 7:  cg-RetransmissionTimer can be configured for each configured grant independently.
Conclusions
In this contribution, we show our views on the enhancements on unlicensed band URLLC/IIoT with following proposals:
Proposal 1: UE should determine the initiator of a COT based on content in DCI. 
Proposal 2: Alt-a should be adopted for UE to determine the initiator of a COT for configured grant uplink transmission.
Proposal 3: DCI format 2_0 can be used to cancel UE-initiated COT at least for configured uplink transmission.
Proposal 4: A group-common PDCCH transmitted at the beginning of the gNB FFP can be introduced to help UE differentiate whether the UL resource is within a gNB-initiated COT or not.
Proposal 5: Harmonization for NR-U PUSCH repetition and Type-B repetition, e.g. NR-U PUSCH repetition allowing slot boundary, should be considered to ensure continuous transmission.
Proposal 6: Option 1 is preferred that CG-UCI procedure and CG-DFI procedure follow R16 NR-U mechanism. CG-UCI procedure is configured by cg-RetransmissionTimer and CG-DFI is configured by cg-minDFI-Delay under the condition that cg-RetransmissionTimer is configured.
Proposal 7:  cg-RetransmissionTimer can be configured for each configured grant independently.
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