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Introduction
In RAN2 #112e meeting, the issue for CG harmonization was summarised:
	Agreements:
From RAN2 perspective
1 	It is assumed that LBT failures only happen infrequently in UCE (unlicensed controlled environment).  A formal definition of UCE and its relationship to semi-static or dynamic access mode is not necessary in RAN2 specifications.
2	cg-RetransmissionTimer can be configured optionally for shared spectrum
3	When cg-RetransmissionTimer is configured, Rel-16 NR-U mechanism is used for HARQ process ID and RV selection.
4	When cg-RetransmissionTimer is not configured, Rel-16 URLLC mechanism may be used for HARQ process ID and RV selection.
5	As a baseline, HARQ processes sharing between multiple CGs are allowed when cg-RetransmissionTimer is configured as in Rel-16 NR-U.
6	HARQ processes sharing between multiple CGs are not allowed when cg-RetransmissionTimer is not configured.
7	FFS if LCH based prioritization can be configured with cg-RetransmissionTimer
8	The assumption for Rel-16 is that the network will not configure autonomousTx and cg-RetransmissionTimer simultaneously per cell.  No optimizations will be pursued to allow the two features be configured together in Rel-16.  No CR is needed for this for now.
9	If a configured grant is deprioritized and/or gNB didn’t get it (e.g. LBT failure and/or tx failure) then we should be able to autonomously re-transmit it.  FFS how to achieve it (using existing mechanisms should be considered as baseline)


Hence, in this contribution, the analysis of above issues and the potential solutions were proposed 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. The harmonization between the enhancement for CG in NR-U and IIOT should be considered to support the IIOT in controlled NR-U environment. 
(1) Prioritization based on lch-BasedPrioritization in UCE:
In the last meeting, the cg-RetransmissionTimer is decided to be configured optionally to harmonize IIOT mechanism and NR-U mechanism used in UCE. Besides, it is agreed that when the cg-RetransmissionTimer is configured, the Rel-16 NR-U mechanism of HARQ process ID and RV selection and HARQ processes sharing between multiple CGs are supported. The issue for simultaneous configuration of lch-BasedPrioritization and cg-RetransmissionTimer is still needed more discussion.
In R16, the rule of the LCH based prioritization can determine which overlapping grant to be transmitted based on the priority configured for each LCH [1].  When the simultaneous configuration of lch-BasedPrioritization and cg-RetransmissionTime, the overlapping grants should first be prioritized based on the rule of the LCH based prioritization, and the prioritized MAC PDU for an overlapping grant could be transmitted if the LBT failure indication is not received from PHY layer.  The transmission of the prioritized MAC PDU uses the Rel-16 NR-U mechanism to select the HARQ process ID and RV and start the cg-RetransmissionTimer and ConfiguredGrantTimer. If the LBT failure indication is received from PHY layer, the prioritized MAC PDU selects any CG between multiple CGs and use the same HARQ process ID to retransmission as Rel-16 NR-U mechanism defined.  The de-prioritized MAC PDUs for an overlapping grant, no matter the results of LBT, need to wait for re-schedule by gNB. Thus, if the lch-BasedPrioritization and cg-RetransmissionTimer are simultaneous configuration, the UE transmits or retransmits the prioritized MAC PDU for a overlapping grant based on the NR-U mechanism defined in Rel-16 and the de-prioritized MAC PDUs for an overlapping grant, no matter the results of LBT, need to wait for re-schedule by gNB. Thus the data or the service with high priority could be transmitted as expect in UCE. Therefore, the simultaneous configuration of the lch-BasedPrioritization and cg-RetransmissionTimer in UCE may need to be avoided.
Observation 1: if the lch-BasedPrioritization and cg-RetransmissionTimer are simultaneous configuration, the UE transmits or retransmits the prioritized MAC PDU for an overlapping grant based on the NR-U mechanism defined in Rel-16 and the de-prioritized MAC PDUs for an overlapping grant, no matter the results of LBT, need to wait for re-schedule by gNB. Thus the data or the service with high priority could be transmitted as expect in UCE.
Proposal 1: The simultaneous configuration of the lch-BasedPrioritization and cg-RetransmissionTimer in UCE may need to be avoided.

(2)Data Retransmissions in UCE:
Both NR-U and IIOT discussed the mechanism on UE autonomous transmission or retransmission in R16 separately. 

In NR-U, the downlink feedback indication (DFI) in DCI indicates whether the transmission of CG grant is correctly received in 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 one CG occasion from a set of CGs with the same HARQ process ID for UE auto-retransmission. If the LBT (listen before talk) failure is received from lower layer, The UE transmits the pending TB using same HARQ process in a CG resource [2]. As a common understanding, the ConfiguredGrantTimer should be set to longer value compared to cg-RetransmissionTimer.

In IIOT, only the ConfiguredGrantTimer parameter is used and kept as legacy, which avoids the overwriting of the HARQ buffer by a new dynamic scheduling or another CG. The Configured Grant is configured with autonomous transmission by the parameters autonomousTx-r16 [2]. The de-prioritised MAC PDU performs the autonomous transmission controlled by autonomousTx-r16 via the same HARQ in the same CG under the condition of lch-BasedPrioritization. 

In the last meeting, one remaining issue left as below for further discussion:
	If a configured grant is deprioritized and/or gNB didn’t get it (e.g. LBT failure and/or tx failure) then we should be able to autonomously re-transmit it.  FFS how to achieve it (using existing mechanisms should be considered as baseline)



We listed four potential solutions below to achieve the autonomously re-transmission if a configured grant is de-prioritized and/or the gNB did not get it due to LBT failure:

Option 1: use the IIOT mechanism to transmit the de-prioritized configured grant or pending MAC PDU caused by LBT failure. 

Option 2: use the NRU mechanism to transmit the de-prioritized configured grant or pending MAC PDU caused by LBT failure
 
Option 3: use the IIOT mechanism to transmit the de-prioritized configured grant and use the NRU mechanism to transmit pending MAC PDU caused by LBT failure

Option 4: to allow the de-prioritised or LBT failure MAC PDU to be carried on a subsequent CG resource with a different HARQ process ID. 

For option 1, Using the IIOT mechanism via the same HARQ process ID and same CG for the pending MAC PDU caused by LBT failure may not reduce the impact of LBT failure.
The option 3 could be achieved by the simultaneous configuration of lch-BasedPrioritization, cg-RetransmissionTimer and autonomousTx-r16. The UE transmits the prioritized MAC PDU for an overlapping grant based on the NR-U mechanism defined in Rel-16 when the LBT failure indication is not received from PHY layer.The de-prioritized MAC PDUs for an overlapping grant, no matter the results of LBT, perform the autonomous transmission as IIOT defined. If the LBT failure indication is received from PHY layer, the prioritized MAC PDU selects any CG between multiple CGs and use the same HARQ process ID to retransmission as Rel-16 NR-U mechanism defined.  
For option 4, the de-prioritised or LBT failure MAC PDU may belong to URLLC traffic, therefore, we propose to allow the de-prioritised or LBT failure MAC PDU to be carried on a subsequent CG resource with a different HARQ process ID. Thus the delay to transmit the de-prioritised or LBT failure MAC PDU may be reduced.
Proposal 2: it is proposed that use the IIOT mechanism to transmit the de-prioritized configured grant and use the NRU mechanism to transmit pending MAC PDU caused by LBT failure if simultaneous configuration of the lch-BasedPrioritization and cg-RetransmissionTimer in UCE.

The support of IIOT in NR-U is under the assumption of controlled environment, where unexpected interference from other systems and/or radio access technology occasionally happens, therefore LBT failure may occur rarely. In this case, the DFI with ACK feedback may occur frequently which may introduce the signalling overhead for the network. Whether the DFI is included in PDCCH DCI could be considered as optimization mechanism in NRU controlled environment.
Observation 2: LBT failure may occur rarely in NRU controlled environment. In this case, the DFI with ACK feedback may occur frequently which may introduce the signaling overhead for the network.

Proposal 3: Whether the DFI is included in PDCCH DCI could be considered as optimization mechanism in NRU controlled environment.
Conclusion
In this contribution, the analysis on the CG harmonization for URLLC in unlicensed controlled environment is discussed.
Observation 1: if the lch-BasedPrioritization and cg-RetransmissionTimer are simultaneous configuration, the UE transmits or retransmits the prioritized MAC PDU for an overlapping grant based on the NR-U mechanism defined in Rel-16 and the de-prioritized MAC PDUs for an overlapping grant, no matter the results of LBT, need to wait for re-schedule by gNB. Thus the data or the service with high priority could be transmitted as expect in UCE.
Proposal 1: The simultaneous configuration of the lch-BasedPrioritization and cg-RetransmissionTimer in UCE may need to be avoided.
Proposal 2: it is proposed that use the IIOT mechanism to transmit the de-prioritized configured grant and use the NRU mechanism to transmit pending MAC PDU caused by LBT failure if simultaneous configuration of the lch-BasedPrioritization and cg-RetransmissionTimer in UCE.
Observation 2: LBT failure may occur rarely in NRU controlled environment. In this case, the DFI with ACK feedback may occur frequently which may introduce the signaling overhead for the network.

Proposal 3: Whether the DFI is included in PDCCH DCI could be considered as optimization mechanism in NRU controlled environment.
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