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Introduction
In this document, we provide our view on configured grant (CG) enhancements for NR-U. The following aspects are discussed.
· DFI indication
· CG-UCI multiplexing
· Repetition procedure

Discussion
DFI indication
Regarding DFI indication, the following alternatives were discussed based on the proposal from FL in RAN1#98bis [1].
	Offline Proposal:
· DFI is transmitted using:
· Alt1: GC-PDCCH, size aligned with other DCIs
· Alt2: PDCCH scrambled with CS-RNTI, DFI size similar to UL DCI size 



For Alt1 above, the design of DCI format 2_2 or 2_3 for TPC command can be reused (i.e., to set the maximum size for each and to have the rule on the common understanding of the bit position). In order to carry DFI on GC-PDCCH, new DCI format (2_x) would be introduced. In this approach, multiple DFIs for multiple UEs can be concatenated into one GC-PDCCH.
For Alt2 above, similar approach as FeLAA can be considered (DCI format 0A and 4A are used to indicate DFI in FeLAA [1]). FeLAA approach is to switch interpretation of DCI fields. Whether DCI should be interpreted as DFI can be indicated by the indicator in DCI and/or RNTI scrambling. In this approach, it is assumed that one DCI carries one DFI for a UE.
Comparing Alt1 and Alt2, Alt1 is more flexible in DFI allocation and can reduce PDCCH resources. Therefore, Alt1 would be preferable. 
Proposal 1: For DL channel carrying DFI, GC-PDCCH is used. As the GC-PDCCH, the design of DCI format 2_2 or 2_3 is reused, where the bit field position in the DCI and RNTI are UE specifically configured.
It is unclear whether DFIs can be used for cross-carrier scheduling in order to indicate HARQ-ACK of scheduled cells. If cross-carrier scheduling is supported for NR-U, to indicate DFIs for scheduled cells would be necessary. In case of Alt1 above, since GC-PDCCH can indicate TPC command for other cells (bit position for other cell is semi-statically configured), to reuse TPC command design would be useful. In case of Alt2 above, CIF in DCI can be used to indicate which cell’s DFI is transmitted (it is similar design as FeLAA). 
Proposal 2: Whether/how to indicate DFI for scheduled cell in cross-carrier scheduling should be clarified along with DL channel for DFI.
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CG-UCI multiplexing
In RAN1#98 and RAN1#98bis, the following were agreed for CG-UCI multiplexing. 
	Agreement:  (RAN1#98)
The number of separately encoded UCIs multiplexed in a PUSCH transmitted using a configured grant is not changed from Rel-15 (maximum of 3).

Agreement:  (RAN1#98bis)
CG-UCI is mapped as per Rel-15 rules with CG-UCI having the highest priority (CG-UCI is mapped on the symbols starting after first DMRS symbol)

Agreement:  (RAN1#98bis)
CG-UCI, CSI-part1, CSI-part 2 can be sent on CG-PUSCH at least when CG-UCI and HARQ-ACK feedback is not multiplexed on a CG-PUSCH



In order to meet the above limitation of the maximum number of UCIs, the following possibilities were discussed for CG-UCI multiplexing [1].
· Alt.1: CG-UCI and UCI for HARQ-ACK are jointly encoded 
· CG-UCI with HARQ-ACK is multiplexed as same as UCI for HARQ-ACK in Rel.15 NR
· Alt.2: CG PUSCH is transmitted only when HARQ-ACK is not transmitted
· If CG PUSCH transmission collides with HARQ-ACK, HARQ-ACK can be transmitted on PUCCH as if UE does not have transmission data on PUSCH, and the data is going to be transmitted later in another CG resource similar to LBT failure case.
· CG-UCI is multiplexed as same as UCI for HARQ-ACK in Rel.15 NR.
· Alt.3: If 4 UCIs are collided for CG PUSCH transmission, UCI for CSI part 2 is not transmitted
· CG-UCI and UCIs for HARQ-ACK and CSI part 1 can be transmitted on CG PUSCH.
· CG-UCI is multiplexed as new UCI.

In order to reduce specification effort and complexity, Alt.1 or Alt.2 seems to be better. For Alt.3, since CG-UCI is multiplexed as new UCI, some clarification or additional multiplexing rules would be necessary because there are new multiplexing combinations between CG-UCI and other UCIs. For Alt.1, UCI payload size is the sum of CG-UCI size and HARQ-ACK size. Since understanding of HARQ-ACK size between gNB and UE can differ, ambiguity of the payload size of CG-UCI with HARQ-ACK cannot be removed. Although gNB can detect the payload size in blind manner, complexity for CG PUSCH transmission detection would be increased (e.g., since CG resource can be shared among UEs, blind decoding for both UE detection and CG-UCI size detection would increase complexity if UE ID is included in CG-UCI). For Alt.2, data transmission can be delayed due to HARQ-ACK transmission. However, the delay would not be a critical issue in NR-U because data transmission can be also delayed in LBT failure case. Therefore, Alt.2 would be our preferable.
Proposal 3: CG PUSCH is transmitted only when HARQ-ACK is not transmitted.
· If CG PUSCH transmission collides with HARQ-ACK, HARQ-ACK can be transmitted on PUCCH as if UE does not have transmission data on PUSCH, and the data is going to be transmitted later in another CG resource similar to LBT failure case.
· CG-UCI is multiplexed as same as UCI for HARQ-ACK in Rel.15 NR.

Repetition procedure
Regarding repetition and minimum duration D, the proposal from FL in RAN1#98bis was as follows [1].
	Offline proposal:
· A default value (e.g., 4 slots) is supported before RRC configuration of minimum duration, D 
· When the UE is configured with repK > 1, 
· Alt1:the UE repeats the TB in the consecutive transmission occasion candidates instead of consecutive slots
· Alt2: the UE repeats the TB across consecutive transmissions corresponding to the same configuration applying the same symbol allocation in each slot
· Minimum duration, D
· For the case of slot aggregation, the minimum duration, D, refers to the time between ending symbol of the PUSCH in the last available slot of aggregated slots to the starting symbol of the DFI carrying HARQ-ACK for the associated HARQ process ID
· For the case of CG repetitions, the minimum duration D is calculated from the ending symbol of each PUSCH of the K repetitions to the starting symbol of the DFI carrying HARQ-ACK for the associated HARQ process ID



For the second bullet above, Alt1 requires further specification effort to transmit repeated PUSCHs on consecutive transmission occasion candidates. Alt2 would be the same functionality as Rel.15 configured grant. In our view, further modification for repetition would not be preferable for Rel.16 NR-U considering remaining discussion time. Therefore, our preference is Alt2.
Proposal 4: When the UE is configured with repK > 1, the UE repeats the TB across consecutive transmissions corresponding to the same configuration applying the same symbol allocation in each slot.

For the third bullet above, according to the proposal, slot aggregation and CG repetition have different handling on minimum duration D. In case of slot aggregation, gNB knows the number of aggregated slots fully and would decode them only at the end of aggregated slots. In case of CG repetition, gNB would try to decode each PUSCH because all slots are not always transmitted (e.g., initial transmission is not always started from the first transmission occasion, repetition transmission can be dropped). Then, the minimum duration D is calculated from each ending symbol of PUSCH. Therefore, in our view, the proposal would be reasonable.
Proposal 5: For minimum duration D, the following are supported.
· For the case of slot aggregation, the minimum duration, D, refers to the time between ending symbol of the PUSCH in the last available slot of aggregated slots to the starting symbol of the DFI carrying HARQ-ACK for the associated HARQ process ID
· For the case of CG repetitions, the minimum duration D is calculated from the ending symbol of each PUSCH of the K repetitions to the starting symbol of the DFI carrying HARQ-ACK for the associated HARQ process ID

Conclusion
We discussed on configured grant enhancements for NR-U. We propose the following.
Proposal 1: For DL channel carrying DFI, GC-PDCCH is used. As the GC-PDCCH, the design of DCI format 2_2 or 2_3 is reused, where the bit field position in the DCI and RNTI are UE specifically configured.
Proposal 2: Whether/how to indicate DFI for scheduled cell in cross-carrier scheduling should be clarified along with DL channel for DFI.
Proposal 3: CG PUSCH is transmitted only when HARQ-ACK is not transmitted.
· If CG PUSCH transmission collides with HARQ-ACK, HARQ-ACK can be transmitted on PUCCH as if UE does not have transmission data on PUSCH, and the data is going to be transmitted later in another CG resource similar to LBT failure case.
· CG-UCI is multiplexed as same as UCI for HARQ-ACK in Rel.15 NR.
Proposal 4: When the UE is configured with repK > 1, the UE repeats the TB across consecutive transmissions corresponding to the same configuration applying the same symbol allocation in each slot.
Proposal 5: For minimum duration D, the following are supported.
· For the case of slot aggregation, the minimum duration, D, refers to the time between ending symbol of the PUSCH in the last available slot of aggregated slots to the starting symbol of the DFI carrying HARQ-ACK for the associated HARQ process ID
· For the case of CG repetitions, the minimum duration D is calculated from the ending symbol of each PUSCH of the K repetitions to the starting symbol of the DFI carrying HARQ-ACK for the associated HARQ process ID
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