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1 Introduction
In the TSG-RAN#88e meeting, the following were agreed as the work scope for URLLC in unlicensed controlled environments under the NR_IIOT_URLLC_enh work item [1].
	The detailed objectives of the Work Item are:
1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 
2. Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
a.  Specify support for UE-initiated COT for FBE with minimum specification effort
b.  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum
[ … ]


In this contribution, we discuss uplink enhancement for URLLC in unlicensed controlled environments, including specification impact to support UE-initiated COT for FBE and enhanced/harmonized configured-grant PUSCH in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed band.

Discussion on UL enhancement for Unlicensed URLLC/IIoT 
Support for UE-initiated COT for FBE
Under the discussion on the Rel-16 NR-U work item phase, it was discussed to support UE-initiated COT for LBE operation and FBE operation. A UE-initiated COT for LBE operation and a gNB-initiated COT for both LBE and FBE operation were specified at channel access procedure related sections of the TS37.213 in Rel-16 [2]. However, it was not concluded to support a UE-initiated COT under FBE operation when the UE operates an initiating device. Further, it was FFS as unresolved issue for signaling for FBE operation when the UE operates as an initiating device in Rel-16 NR-U. According to current TS37.213 specification in Rel-16, it is not allowed for a UE to transmit UL transmission  without detection of a DL transmission burst(s) within the channel occupancy time. 
When the UE capability between a gNB and a UE is signaled, the UE capability regarding whether or not to have a capability to support of UE-initiated COT for FBE operation can be signaled. Hence, a gNB can provide the UE via the higher layer signaling by SIB1 or dedicated configuration regarding whether the UE can operate as an initiation device or not. Further, it can be also considered that the gNB can indicate to a UE by L1 signaling whether the UE can initiate COT or not with a channel occupancy under the FBE operation. However, it should be supported at least that the gNB provides UE(s) with high layer signaling by SIB1 or dedicated configuration as like that of a gNB initiated COT in Rel-16 NR-U.
· Proposal 1: For Rel-17, regarding the signaling for FBE operation when a UE operates an initiating device, it should be supported that a gNB provides UE(s) with high layer signaling by SIB1 or dedicated configuration as like that of signaling a gNB-initiated COT in Rel-16 NR-U.
Under DL heavy traffic, especially, when a DL transmission burst(s) by gNB occupies the whole of channel occupancy within the channel occupancy time, it is not allowed for UE(s) to transmit UL transmission including PUCCH with HARQ-ACK feedback corresponding to the DL transmission burst(s) which was transmitted at the previous channel occupancy before detection of a different DL transmission burst in the next channel occupancy time under the Rel-16 NR-U operation. For the PRACH transmission by a UE to perform random access procedure, it is not allowed to perform UL transmission without prior detection of a DL transmission burst(s) in the same channel occupancy. Therefore, it should be supported to make a UE possibly initiate COT for scheduled transmission including at least PUCCH transmission with HARQ-ACK feedback and random access procedure related UL transmission, i.e., uplink transmission can be performed within one channel occupancy regardless of DL transmission burst’s reception.
· Proposal 2: It should be further discussed whether or not it can be allowed to support UE-initiated COT using scheduled channels and signals under the channel access mode for FBE operation.
In order to support UE initiated COT under the FBE operation, it is necessary to further consider that, when different UEs have different COTs initiated at different times, the collision issue for uplink transmissions between different UEs may occur. The problem may be frequently occurred between hidden nodes under the control of one gNB. Therefore, it should be further discussed on collision issue of UL transmissions within a channel occupancy of initiated COTs by multiple UE to support UE-initiated COT for FBE.
· Proposal 3: It should be further discussed on collision issue of UL transmission within a channel occupancy of initiated COTs by multiple UEs.

Enhanced configured-grant PUSCH for URLLC in unlicensed band
An LBT is considered as a channel access procedure by default to perform UL/DL transmission in unlicensed band operation. Depending on whether the success and failure of LBT, a separate operation may be required for the reception of the UE and for transmission from a gNB.
In particular, a transmission of the SS/PBCH block in the NR system from the base station used in the initial access procedure must be transmitted essentially to a UE for time/frequency synchronization and cell ID detection by the UE.
However, in the unlicensed band, because the transmission of the SS/PBCH block may vary depending on the results of the LBT performed by the gNB, the gNB and the UE are operated by setting the position of the candidate SS/PBCH block reception with an assumption ofmultiple candidate positions of same SS/PBCH block index for the UE. 
For configured grant PUSCH, in the case of the PUSCH repetition type A specified from Rel-15 and the PUSCH repetition type B specified in the Rel-16 URLLC work item, the operation was normally set for licensed operation. Therefore, when operating in the licensed band, the UE always assumes that the gNB's transmission at positions for the SS/PBCH block reception configured for the UE is transmitted to the UE, so the time and frequency resources in positions for the SS/PBCH block reception are excluded at the resources to perform the UE’s PUSCH repetition type A/type B. 
However, for the transmission of the SS/PBCH block in the unlicensed spectrum, as described above, the locations of the candidate SS/PBCH blocks that the UE should assume for the reception of the SS/PBCH block are set to a multiple positions for the same index of SS/PBCH block. In particular, when the UE detects a certain SS/PBCH block index, since UE assumes that a number of transmitted SS/PBCH blocks with a same SS/PBCH block index is not larger than one from the UE’s perspective, the corresponding resources at other candidate positions of SS/PBCH block with same index can be used as a time/frequency resource for PUSCH repetition type A or type B. Therefore, it should be further discussed whether or not to possibly transmit configured-grant PUSCH with repetition at candidate SS/PBCH block positions with same SS/PBCH block index after the UE successfully detects the SS/PBCH block index.
· Proposal 4: It should be further discussed whether or not to possibly transmit configured-grant PUSCH with repetition at candidate SS/PBCH block positions with same SS/PBCH block index after the detection of the SS/PBCH block index.

Conclusion
In this contribution, we have discussed issues to support UE-initiated COT for FBE and enhanced configured-grant PUSCH in NR-U and URLLC introduced in Rel-16 in unlicensed band. As a conclusion, we summarize our view regarding UE-initiated COT for FBE operation and configured-grant PUSCH for URLLC in unlicensed band as follows:
· Proposal 1: For Rel-17, regarding the signaling for FBE operation when a UE operates an initiating device, it should be supported that a gNB provides UE(s) with high layer signaling by SIB1 or dedicated configuration as like that of signaling a gNB-initiated COT in Rel-16 NR-U.
· Proposal 2: It should be further discussed whether or not it can be allowed to support UE-initiated COT using scheduled channels and signals under the channel access mode for FBE operation.
· Proposal 3: It should be further discussed on collision issue of UL transmission within a channel occupancy of initiated COTs by multiple UEs.
· Proposal 4: It should be further discussed whether or not to possibly transmit configured-grant PUSCH with repetition at candidate SS/PBCH block positions with same SS/PBCH block index after the detection of the SS/PBCH block index.
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