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Introduction
In the TSG RAN #88e meeting, the revised WID [1] of enhanced IIOT and URLLC support for NR have been extended to include the following items:
	1. 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


Hence, in this contribution, the analysis on the CG enhancement for URLLC in unlicensed controlled environment and potential solutions is provided in the following sections.
Discussion
In Rel-16, the CG enhancement was discussed separately in both NR-U and IIOT with different motivations.  For NRU, the CG enhancement is used to provide more opportunities for the data transmission to reduce the impact of LBT failure. For IIOT, the CG enhancement is used to pre-reserve more time/frequency resources to satisfy stringent requirement on latency and reliability. Some enhancements for CG in NR-U and IIOT are not compatible with each other, so the harmonization between the enhancement for CG in NR-U and IIOT should be considered to support the IIOT in controlled NR-U environment. What we need to justify is whether the mechanism of CG enhancements used in NRU is suitable for the IIOT in controlled environment or we need to introduce any other additional enhancements for this scenario.
UE auto-(re)transmission issue:
Both NR-U and IIOT discussed the mechanism on UE auto-(re)transmission. Indeed, the mechanism of UE auto-transmission is considered in the scenario of IIOT for intra-UE prioritization and the UE auto-retransmission is discussed in NR-U.
1) Radio resource for UE auto-(re)transmission:
Regarding the above issue, there are two options on a MAC PDU UE auto-(re)transmission on subsequent radio resources used in NR:
Option 1 used in IIOT: With same CG configuration and same HARQ process ID 
Option 2 used in NRU: With different CG configurations and same HARQ process ID
The two options both face a challenge that a possible long (re)transmission delay. If there is another new arrival packet on the next transmission occasion, it will introduce the additional transmission delay for the new arrival packet. Currently, in Release 16, multiple CG configurations per BWP has been introduced for a UE, hence, the option 2 used in NRU with different CG configurations could bring more flexibility. And then it may be more possible to meet a timely available transmission occasion in another CG configuration.
Observation 1: it is in a high possibility that both options would face a possible challenge that is the retransmission delay or data lost.
Proposal 1: compared with option 1 used in IIOT, option 2 used in NRU will bring more flexibility, and then it may be more suitable to meet a timely available transmission occasion in another CG configuration.
Furthermore, the de-prioritised or retransmitted MAC PDU may belong to a URLLC service which exhibits stringent transmission latency requirement. Therefore, we propose to allow the de-prioritised or retransmitted MAC PDU to be carried on a subsequent CG resource with a different HARQ process ID. In addition, to achieve this, UE should be allowed to move the MAC PDU stored from one HARQ buffer to another HARQ buffer. 
Proposal 2: we kindly propose that the de-prioritised or retransmission MAC PDU should be allowed to be carried on a subsequent CG resource with a different HARQ process ID.
Proposal 3: we kindly propose that UE should be allowed to move the MAC PDU stored from one HARQ process buffer to another HARQ process buffer. 

2) CG timer and CG retransmission timer:
In NR-U, the downlink feedback indication (DFI) in DCI is introduced to indicate whether the transmission of CG is correct from gNB and cg-RetransmissionTimer is configured per HARQ process for auto-retransmission. If the NACK is received in DFI or the cg-RetransmissionTimer expires, The UE could select another CG or the same CG with the same HARQ process ID for UE auto-retransmission. The support of IIOT in NR-U is under the assumption of controlled environment in Rel-17 WI, where unexpected interference from other systems and/or radio access technology occasionally happens.  In this case, the DFI with ACK feedback may occur frequently which may introduce the signalling overhead for the network. In IIOT, only the ConfiguredGrantTimer parameter is used and kept as legacy, which is much simpler to avoid dropping the HARQ buffer by a new dynamic scheduling or another CG. 
Observation 2: In IIOT, only the ConfiguredGrantTimer parameter is used and kept as legacy, which is much simpler to avoid dropping the HARQ buffer by a new dynamic scheduling or another CG. 
Proposal 4: only the ConfiguredGrantTimer parameter is used and kept as legacy designed in IIOT, which may be more suitable to controlled environment.

3) HARQ process ID calculation:
In legacy NR, the HARQ process ID is calculated by the formula based on the current symbol and periodicity of CG. In IIOT, an offset determined from gNB is added in the calculation of the HARQ process ID to distinguish the multiple CGs. While in NR-U, the UE determines HARQ process ID offset and reports it via CG-UCI to network and the HARQ process ID is shared between the CGs set. It is preferred to support combined methods used in NRU and IIOT. If the gNB does not assign the offset of HPID or UE prefers to select the HPID by itself, then UE could use the CG-UCI to report the selected HPID to gNB, otherwise, the HPID is determined by gNB.
Proposal 5: It is preferred to support combined methods used in NRU and IIOT. If the gNB does not assign the offset or UE prefers to select the HPID by itself, then UE could use the CG-UCI to report the selected HPID to gNB, otherwise, the HPID is determined by gNB.

LCP restrictions issue:
New LCP restrictions allowedCG-List introduces the mapping between the LCHs and CGs in IIOT. The LCHs which serve the URLLC services could be assigned with proper priority to satisfy the QoS requirement of URLLC. In the NRU-IIOT support environment, the auto-retransmission on different CGs should consider the LCP restriction to satisfy the QoS requirement of URLLC.
Proposal 6: In the NRU-IIOT support environment, the auto-retransmission on different CGs should consider the LCP restriction to satisfy the QoS requirement of URLLC.
Conclusion
In this contribution, the analysis on the CG enhancement for URLLC in unlicensed controlled environment is discussed.
Observation 1: it is in a high possibility that both options would face a possible challenge that is the retransmission delay or data lost.
Proposal 1: compared with option 1 used in IIOT, option 2 used in NRU will bring more flexibility, and then it may be more suitable to meet a timely available transmission occasion in another CG configurations.
Proposal 2: we kindly propose that the de-prioritised or retransmission MAC PDU should be allowed to be carried on a subsequent CG resource with a different HARQ process ID.
Proposal 3: we kindly propose that UE should be allowed to move the MAC PDU stored from one HARQ process buffer to another HARQ process buffer. 
Observation 2: In IIOT, only the ConfiguredGrantTimer parameter is used and kept as legacy, which is much simpler to avoid dropping the HARQ buffer by a new dynamic scheduling or another CG. 

Proposal 4: only the ConfiguredGrantTimer parameter is used and kept as legacy designed in IIOT, which may be more suitable to controlled environment.
Proposal 5: It is preferred to support the combined methods used in NRU and IIOT. If the gNB does not assign the offset or UE prefers to select the HPID by itself, then UE could use the CG-UCI to report the selected HPID to gNB, otherwise, the HPID is determined by gNB.
Proposal 6: In the NRU-IIOT support environment, the auto-retransmission on different CGs should consider the LCP restriction to satisfy the QoS requirement of URLLC.
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