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[bookmark: _Ref521334010]Introduction
Rel-18 work item of Multi-carrier enhancement was approved in [1] and the WID was updated in [2][3]. For RAN1 core part, it was assigned 3 TUs in total and expected to be accomplished in the fourth quarter in 2022. Although good progress was achieved on top of great efforts and good compromise from companies, core part is not finished as some critical issues are not resolved yet. Hence additional TU for RAN1 to fix the remaining essential issues is expected.
In this contribution, we provide our views on the remaining issues for Rel-18 multi-carrier enhancement and how much TU may be needed to resolve the potential issues in the pending RAN1 meeting.

Discussion
Multiple cell sets
In RAN1#111 meeting, it was agreed that up to 4 cells can be co-scheduled by DCI format 0_X/DCI format 1_X within a cell set, which is shown as below:
	Agreement
For a set of cells which is configured for multi-cell scheduling, up to 4 cells within the set of cells are supported.
· A DCI format 0_X/1_X can schedule PUSCH(s)/PDSCH(s) on a combination of co-scheduled cells among the same set of cells.



On the other hand, gNB may configure more than 4 cells for a UE for cross-carrier scheduling. In order to fully exploit the benefits of single-DCI scheduling multiple carriers, whether to support multiple cell sets should be further studied in RAN1.
Furthermore, if the common understanding on the aforementioned agreement is multiple sets are automatically supported already which is up to gNB’s configuration, RAN1 needs more discussion on the mechanism to make the system work well. To be specific, scheduling cell configured with MC-DCI is per cell set. On the other word, MC-DCI transmitted on a scheduling cell belongs to one cell set cannot be used to schedule a list of cells belongs to another cell set.

Observation 1: Whether and how to support multiple cell sets should be further studied in RAN1.

DCI design for multi-carrier scheduling
So far the content of DCI format 0_x and DCI format 1_x has been identified, i.e. which information field can be included and which type it belongs to. However, there are several issues need to be discussed in order to make the whole feature workable.  
· For Type 1A information field, there is no official conclusion or agreement on determining the bit length as it is common to all the co-scheduled cells. Take BWP indicator as an example, scheduled cell#1 needs 1 bit while scheduled cell#2 needs 2 bits. It is natural to assume that the bit length of BWP indicator field in scheduling MC-DCI equals to 2 bits. However, it is not clear on how UE interpret such an information field if it indicates something not suitable to one of the co-scheduled cell. For instance, ‘11’ is meaningful for cell#2 while meaningless for cell#1. It is not clear how should UE interpret such kind of information for cell#1.
· For Type 2 information field, separate field for each of the co-scheduled cells is assumed. One potential way to determine the field size is as shown below:
1) The field size is the sum of configured size for each cell of maximum number of co-scheduled cells by the DCI format.

Observation 2: RAN1 needs to further discuss at least the interpretation of type 1A information field and determination of type 2 information field, which can be handled in maintenance phase.

HARQ timing determination
In RAN1#110 meeting, the following agreement was achieved:
	Agreement
· For DCI format 1_X/0_X which can schedule more than one cell, 
· Type-1 fields at least include below:
· Type-1A:
· Identifier for DCI formats
· Downlink assignment index
· TPC for scheduled PUCCH
· PUCCH resource indicator
· PDSCH-to-HARQ timing indicator
· One-shot HARQ-ACK request
· Type-2 fields at least include below:
· New data indicator per TB
· Redundancy version per TB
· FFS: Other fields to be included in DCI format 1_X/0_X and which type of the fields belongs to.
· FFS: size for each field



PDSCH-to-HARQ timing indicator was classified as Type-1 field, which is common to each co-scheduled cell. Accordingly, same K1 value is used to determine HARQ-ACK timing between PDSCH and HARQ-ACK feedback on each co-scheduled cell. For Type2 Codebook, HARQ-ACK feedback for co-scheduled PDSCHs is to be transmitted in same PUCCH as they are scheduled by the same DCI. Therefore, we need to first determine slot n which can be derived by a reference PDSCH, e.g. the last PDSCH among those scheduled by same DCI.
  
Observation 3: RAN1 needs to further discuss how to determine HARQ timing for multi-carrier scheduling via single DCI.

PUCCH resource determination
Generally speaking, PUCCH resource associated with HARQ-ACK feedback is determined by the last DCI format among DCI formats pointing to a same slot for PUCCH transmission. In order to find out the last DCI, detected DCI formats are first indexed in an ascending order across serving cells indexes for a same PDCCH monitoring occasion and are then indexed in an ascending order across PDCCH monitoring occasion indexes. However, it may be not sufficient for the case wherein MC-DCI schedules multiple serving cells. To be specific, there may be several MC-DCIs scheduling different cell sets which are transmitted in the same monitoring occasion. Therefore, RAN1 needs to further discuss how to determine the last DCI indicating PUCCH resource.

Observation 4: RAN1 needs to further discuss how to determine the last DCI for indicating PUCCH resource.

DAI counting
In legacy single cell scheduling operation, DAI is associated with the scheduled cell. C-DAI will be increased by one if gNB transmits a DCI scheduling a PDSCH on a scheduled cell. T-DAI is also determined from scheduled cell perspective. For multi-cell scheduling, one DCI schedules multiple serving cells. One of co-scheduled cells should be selected for determining DAI order.

Observation 5: RAN1 needs to further discuss how to determine the DAI counting order for DCI format 1_x.

UL Tx switching

The functionality of UL Tx switching across more than 2 bands is almost ready. RAN1 has already made agreements on the following aspects:
· UL Tx switching cases for 3 bands and 4 bands
· Switching conditions needs to be specified
· Mechanisms to reduce complexity
· Mechanisms to resolve ambiguity on Tx chain state
· Minimum separation time between two switching case
From our understanding, the only critical issue needs to be resolved is how to determine the location of switching period.

Observation 6: RAN1 needs to further discuss how to determine the switching period location for UL Tx switching across more than 2 bands.

Based on the observation mentioned above, there are number of remaining RAN1 discussion points to complete this WI in RAN1. Hence additional TU is requested. Although there is a long list of remaining issues for RAN1 to fix, a fairly large number of it is very close to consensus. Accordingly, we think one additional TU for RAN1#112 meeting to resolve the above issues is sufficient.

Proposal: For Rel-18 Multi-carrier enhancement, one additional TU is requested for RAN1#112 meeting.

Conclusion
In this contribution, we provide our views on the critical issues on Rel-18 Multi-carrier enhancement. We have the following observations on the potential issues in RAN1:
Observation 1: Whether and how to support multiple cell sets should be further studied in RAN1.
Observation 2: RAN1 needs to further discuss at least the interpretation of type 1A information field and determination of type 2 information field, which can be handled in maintenance phase.
[bookmark: _GoBack]Observation 3: RAN1 needs to further discuss how to determine HARQ timing for multi-carrier scheduling via single DCI.
Observation 4: RAN1 needs to further discuss how to determine the last DCI for indicating PUCCH resource.
Observation 5: RAN1 needs to further discuss how to determine the DAI counting order for DCI format 1_x.
Observation 6: RAN1 needs to further discuss how to determine the switching period location for UL Tx switching across more than 2 bands.

Based on the identification of the above remaining issues, additional TU is needed for RAN1 to accomplish Rel-18 Multi-carrier enhancement. We have the following proposal.
Proposal: For Rel-18 Multi-carrier enhancement, one additional TU is requested for RAN1#112 meeting.
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