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The RAN1 works of Multi-carrier enhancements WI are planned to be completed in the next quarter. This document discusses the scenarios and provides our views on the progress and potential down-scoping of this WID.
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The current completion level of the Multi-carrier enhancements WI is around 30% according to the WI SR report. Noted that there are only three TUs allocated to this WI for RAN1 in the whole Release and that the RAN1 works are planned to be completed in the next quarter, where only one TU is left, the WI progress seems to be a bit lower than expected. Some guidance from the RAN plenary would be helpful to complete the work in RAN1. 
[bookmark: _Ref113005845]Proposal 1. RAN plenary provides guidance to RAN1 to complete the work on time.

There are already some proposals in RAN1 to reduce the workload, by limiting the number of potential use cases and combinations. For example, in RAN1#110, the following scenarios have been discussed. However, no consensus has been reached as companies hold divergent views on whether to consider unlicensed band operations for multi-cell scheduling. 
· Case 2-1: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells including the scheduling cell and same carrier type (FDD or TDD, licensed or unlicensed, FR1 or FR2-1 or FR2-2) is used among all the co-scheduled cells including the scheduling cell.
· Case 2-2: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells not including the scheduling cell and same carrier type (FDD or TDD, licensed or unlicensed, FR1 or FR2-1 or FR2-2) is used among all the co-scheduled cells which may be same or different carrier type to the scheduling cell.
· Case 2-3: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells including the scheduling cell and different carrier type (FDD or TDD, licensed or unlicensed, FR1 or FR2-1 or FR2-2) is used among the co-scheduled cells including the scheduling cell.
· Case 2-4: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells not including the scheduling cell and different carrier type (FDD or TDD, licensed or unlicensed, FR1 or FR2-1 or FR2-2) is used among the co-scheduled cells.
The major concerns raised about the above scenarios are the motivation and complexity of supporting unlicensed band operations for multi-cell scheduling. On the one hand, there are no clear motivation and benefits to jointly scheduling multiple unlicensed carriers at least when there are other access technologies around (e.g., Wi-Fi). The purpose for this multi-carrier scheduling feature is to exploit narrow spectrums scattered across different frequency bands by a single DCI to improve throughput. However, most spectrum resources on unlicensed bands are contiguous and may span a wide range of up to 100 MHz, thus unlicensed band is not the target use case for multi-carrier scheduling. Furthermore, scheduling multiple unlicensed carriers via a single mc-DCI can be much less efficient than scheduling multiple unlicensed carriers via multiple legacy DCIs, since the probability of simultaneous LBT success on multiple scheduled carriers is much smaller. For example, when scheduling PDSCHs by a mc-DCI, once LBT on a co-scheduled carrier fails, gNB may need to withdraw all co-scheduled transmissions or may need to prepare and send legacy DCIs to fallback to single-cell scheduling for other carriers with succeed LBTs. Thus, it is unclear how much gain can be achieved by using multi-carrier scheduling. 
On the other hand, the complexity to support unlicensed operations can be pretty high. Special handling is required, at least taking into account the following aspects: 
· LBT on multiple unlicensed carriers.
· Scheduling of multiple unlicensed carriers.
· HARQ-ACK for multiple unlicensed carriers.
[bookmark: _Ref113010690]Given the limited TU, it is questionable whether the RAN1 design can cover all these complexities properly. Even if possible, it would be risky that the maintenance works would be quite high, resulting in a large number of CRs, unstable specifications, etc., - a bad smell of engineering as well as project management. Instead, it is much more desirable to focus on the essential scenarios and solutions.
Specifically, for the above-mentioned case2-1/2-2 where all the co-scheduled cells are on unlicensed band, there are some concerns on Type-2e HARQ-ACK codebook.  PDSCH grouping-based Type-2e HARQ-ACK codebook is introduced for Rel-16 NRU. When Type-2e HARQ-ACK codebook is configured, one DCI can request HARQ-ACK feedback for one or more PDSCH groups in the same PUCCH. It had taken a lot of effort to complete the design of the Type-2e HARQ-ACK codebook in Rel-16 NR-U. Given the high complexity of supporting the Type-2e HARQ-ACK codebook and the limited time for this WI, we suggest not supporting the Type-2e HARQ-ACK codebook for multi-cell scheduling. 
Additionally, for the case2-3/2-4 where the co-scheduled cells have mixed carrier types, i.e., some of the co-scheduled cells are on unlicensed band and others are not, additional efforts/work on the following aspects are inevitable:
· Indication of resource allocation
For PUSCH scheduling on unlicensed band, PUSCH allocation is indicated by an interlace allocation plus a RB set allocation, which is different from the RIV or RBG-bitmap used for PUSCH scheduling on licensed band. How to carry the resource indication(s) for unlicensed carriers as well as those for licensed carriers in a single DCI should be carefully considered.
· Channel access type indication (ChannelAccess-CPext)/DFI flag
gNB may indicate the channel access type/DFI flag to UE for unlicensed operations. However, there are no such fields defined for scheduling on licensed band. How to carry certain indications only for the unlicensed part through a mc-DCI should also be further studied.
· Type-2e HARQ-ACK codebook
If Type-2e HARQ-ACK codebook is supported for this case, and if the corresponding PUCCH for HARQ-ACK is on a licensed band, there would be no uncertainty of the PUCCH transmission, thus there is no motivation to postpone HARQ-ACK of the co-scheduled cells to next PUCCH. If the corresponding PUCCH is on an unlicensed band, then whether and how to group the PDSCH on unlicensed bands should be further clarified. 
As discussed above, some DCI fields should only apply to unlicensed carriers when mc-DCI is allowed to schedule licensed and unlicensed carriers at the same time. But according to the agreed types of mc-DCI field, no field type is defined to be common to only some subgroups of cells.
	Agreement
For discussing field design of DCI format 0_X/1_X which schedules more than one cell, reformulate the types of DCI fields as below: 
· Type-1 field: 
· Type-1A field: A single field indicating common information to all the co-scheduled cells
· Type-1B field: A single field indicating separate information to each of co-scheduled cells via joint indication
· Type-1C field: A single field indicating an information to only one of co-scheduled cells
· Type-2 field: Separate field for each of the co-scheduled cells
· Type-3 field: Common or separate to each of the co-scheduled cells, or separate to each sub-group, dependent on explicit configuration. 
· Note: One sub-group comprises a subset of co-scheduled cells where a single field is commonly applied to the co-scheduled cell(s) belonging to a same sub-group.
· Note: Handling of any parameters applicable to multi-cell scheduling where corresponding fields are not included in DCI format 0_X/1_X (if any) will be separately discussed.


Besides, all the above-mentioned issues require significant design efforts and seem difficult to be completed in one RAN1 TU. Nevertheless, it is worth noting that they can be avoided if co-scheduling unlicensed bands are not supported.
[bookmark: _Ref113029606]Proposal 2. The design of multi-cell scheduling should focus on the licensed spectrum operation, and only be extended to unlicensed spectrum case if no additional optimization is required.
[bookmark: _Ref113023478]Proposal 3. Enhanced dynamic HARQ-ACK codebook is not supported for multi-cell scheduling in R18.

Besides, in RAN1#109-e, the following working assumption was made: 
	Working Assumption
· All HARQ-ACK codebook types (Type-1/2/3) are applicable when multi-carrier PDSCH scheduling is configured.


As pointed out by some companies in the RAN1 discussion, notable design efforts are foreseen to support Type-1 HARQ-ACK codebook generation for multi-cell scheduling. The work includes potential K1 extension and joint SLIV pruning since the effective K1 value and SLIV pruning for a co-scheduled cell would also be closely depended on the SCS and SLIV of another co-scheduled cell (e.g., a reference cell or other co-scheduled cells in the same cell combination) and the enhancements in R16 are not applicable anymore. Considering that there may be multiple SCSs/different carrier types/different half-duplex modes among the co-scheduled cells, it seems difficult to accomplish enhancements or extensions to the Type-1 HARQ-ACK codebook in only one TU.
[bookmark: _Ref113023483]Proposal 4. Type-1 HARQ-ACK codebook is not supported for multi-cell scheduling in R18.
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In this contribution, we have the following proposals:
Proposal 1. RAN plenary provides guidance to RAN1 to complete the work on time.
Proposal 2. The design of multi-cell scheduling should focus on the licensed spectrum operation, and only be extended to unlicensed spectrum case if no additional optimization is required.
Proposal 3. Enhanced dynamic HARQ-ACK codebook is not supported for multi-cell scheduling in R18.
Proposal 4. Type-1 HARQ-ACK codebook is not supported for multi-cell scheduling in R18.
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