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Introduction
In RAN1#94-e, the WI of multi-carrier enhancements was approved [1]. The latest objectives are shown below [2].
	1. Specify a solution for multi-cell PUSCH/PDSCH scheduling (one PDSCH/PUSCH per cell) with a single DCI [RAN1]
· Identify the maximum number of cells that can be scheduled simultaneously
· Consider both intra-band and inter-band CA operation
· Consider both FR1 and FR2
· The single DCI shall be optimized for 3 or more cells for the multi-cell PUSCH/PDSCH scheduling
2. Study and if necessary specify following enhancements for multi-carrier UL operation [RAN1, RAN2, RAN4]
· UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including mechanisms to enable more configured UL bands than its simultaneous transmission capability and to support dynamic Tx carrier switching across the configured bands for both single TAG and multiple TAGs configurations (RAN1, RAN4)
· UE capability and RRC configuration related signalling (RAN2)
· Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3 and 4 bands
· Note: no additional TAG is introduced for UL transmission on a carrier without corresponding DL carrier
· Note: this objective does not target to extend the SUL framework to support more than 1 SUL for 1 NUL
· Note: The number of TAGs is limited to up to 2.
· Note: Extension of TX switching for 2 bands to multiple TAG configurations is included in the scope. The work is limited to RAN4.
· Switching time and other RF aspects, and RRM requirements for above UL Tx switching schemes across up to 3 or 4 bands (RAN4)
· Note: Prioritize UL Tx switching across up to 3 bands is to be addressed first and then that for up to 4 bands can also be addressed


According to the work plan of this WI, the standardization work in RAN1 should be finished by the end of 2022. Unfortunately, this goal is not achieved due to many critical issues left for the first objective, i.e., multi-cell PUSCH/PDSCH scheduling. In this contribution, our views on the progress of this WI are provided. 
Discussion
UL Tx switching
After RAN1#111 meeting, most of the issues for Rel-18 UL Tx switching have been addressed. The only remaining essential issue is switching period location. The potential alternatives for switching period location have been discussed and identified in RAN1#111, RAN1 just needs to decide the final alternative [3]. From this perspective, there is no need to allocate additional TU for Rel-18 UL Tx switching and the potential remaining issues can be addressed in maintenance phase. 
Observation 1: There is no need to allocate additional TU for Rel-18 UL Tx switching. The potential remaining issue for Rel-18 UL Tx switching can be handled in maintenance phase.  

Multi-cell scheduling
In the previous RAN1 meetings, fruitful agreements were reached on multi-cell scheduling [3][4]. However, there are still some essential issues unresolved. In Table 1, we provide a summary of the progress for multi-cell scheduling. Below the table, we also provide some analysis for each of the pending issues.
Table 1 Summary of the progress of multi-cell scheduling
	Topic
	Issues
	Progress

	Scenario and basic framework
	· Scenario supporting multi-cell scheduling
· Framework
· Scheduling possibility
· The maximum number of scheduled/configurable cell
	Completion level: 95%
Critical pending issues:
· Scheduling possibility: whether MC DCI and SC DCI can be from different scheduling cells for a scheduled cell

	Scheduling and DCI design
	· DCI format design
· DCI field design (including the DCI field classification and the details of the information indication, e.g., indication of co-scheduled cells, TDRA indication and FDRA indication) 
· DCI size determination
· MC DCI differentiation 
· DCI size budget and BD/CCE budget
· Search space configuration
· CCE index determination
	Completion level: 70%
Critical pending issues:
· DCI field design
· MC DCI size determination and DCI size budget
· MC DCI differentiation

	HARQ feedback
	· PUCCH slot determination
· Last DCI determination
· Type-1 HARQ codebook
· Type-2 HARQ codebook
· Type-3 HARQ codebook
	Completion level: 70%
Critical pending issues:
· PUCCH slot determination
· Last DCI determination
· Type-1 HARQ codebook
· Type-2 HARQ codebook


· MC DCI field design
In RAN1#111, the field type for most of the DCI fields has been concluded. However, it is still not clear for several fields, which are neither classified as one of Type-1/2/3 nor omitted, such as enhanced Type 3 codebook indicator, HARQ-ACK retransmission indicator, minimum applicable scheduling offset indicator, SCell dormancy indication, PDCCH monitoring adaptation indication, PUCCH Cell indicator, DFI flag, HARQ-ACK bitmap, ChannelAccess-CPext-CAPC and invalid symbol pattern indicator. Anyway, the filed type of these fields should be determined, i.e., whether they are omitted or not and determine the field type if not omitted.
In addition, some fields are classified as Type-1 field, such as priority indicator, beta offset indictor, CSI request, UL-SCH indicator, ChannelAccess-Cpext and TDRA. However, it needs to further determine the detailed type for these fields, i.e., determining whether these fields are Type-1A, Type-1B, or Type-1C. In addition, if a field is Type-1C, which of the co-scheduled cell is indicated by the field should be determined. For example, when all the co-scheduled cells are configured with aperiodic CSI report configuration, in which cell the aperiodic CSI report is triggered should be resolved. It is also related to the bit width determination for the CSI request field. 
In summary, the following fields in Table 2 need for further discussion.
Table 2 Pending issues for MC DCI field design
	DCI
	Pending issues 

	DL DCI 
	Fields to be decided about whether omitted or not, and which field type if not omitted: 
· Enhanced Type 3 codebook indicator, HARQ-ACK retransmission indicator, Minimum applicable scheduling offset indicator, SCell dormancy indication, PDCCH monitoring adaptation indication, PUCCH Cell indicator. 
Fields have been categorized as Type-1 filed, while need further determine whether it is Type-1A, Type-1B or Type-1C: 
· TDRA, ChannelAccess-Cpext, Priority indicator.
Some other design details, e.g., how to design the indicator of co-scheduled cells, design details for some Type-1B and Type-1C DCI fields. 

	UL DCI
	Fields to be decided about whether omitted or not, and which field type if not omitted:
· DFI flag, HARQ-ACK bitmap, Invalid symbol pattern indicator, ChannelAccess-CPext-CAPC, Minimum applicable scheduling offset indicator, SCell dormancy, PDCCH monitoring adaptation indication, UL/SUL indicator.
Fields have been categorized as Type-1 filed, while need further determine whether it is Type-1A, Type-1B or Type-1C: 
· TDRA, ChannelAccess-Cpext, Priority indicator, Beta offset indicator, CSI request, UL-SCH indicator.
Some other design details, e.g., how to design the indicator of co-scheduled cells, design details for some Type-1B and Type-1C DCI fields.



· Scheduling possibility
For a scheduled cell, it was agreed that at least MC DCI and SC DCI from the same scheduling cell should be supported. Whether the MC DCI and SC can be from the different scheduling cell for a scheduled cell has not been decided yet. Some companies believe this should be supported. For example, for a scheduled cell with legacy self-scheduling, the SC DCI is transmitted on the scheduled cell while the MC DCI is transmitted on the other scheduling cell. The decision on this issue is needed. 
· MC DCI size determination and DCI size budget
Regarding DCI size determination, it has been fully discussed in RAN1. The majority view is that the UE can determine the DCI size according to the RRC configuration related to the DCI fields. There is no need to explicitly indicate the DCI size via a signalling. Meanwhile, the scheduling cell can be the reference cell, and there could be 4 DCI sizes for C-RNTI in the scheduling cell, i.e., DCI format 0_0/1_0, DCI format 0_1/1_1, DCI format 0_2/1_2 and DCI format 0_X/1_X. How to keep the current “3+1” size budget should be determined.
· MC DCI differentiation
When a UE is configured with multiple sets of scheduled cells with the same scheduling cell, the MC DCI for the multiple sets of scheduled cells are transmitted on the same scheduling cell. In this case, how to differentiate the MC DCI should be resolved. This issue was discussed in RAN1#111. However, no consensus could be achieved. Further discussion may be needed.
· HARQ feedback
The issue of PUCCH slot for HARQ-ACK is still under discussion. It was agreed that PUCCH slot is determined based on a reference PDSCH, which is one of the co-scheduled PDSCHs. Regarding which one is the reference PDSCH, it has been discussed several times in RAN1. The majority view is the PDSCH with the latest ending symbol is the reference PDSCH. 
Another issue to be resolved is last DCI determination. When multiple DCIs are transmitted in the same PDCCH monitoring occasion, which one is the last DCI for PUCCH resource determination should be resolved. This issue has been fully discussed in RAN1. The majority view is that PDSCH with the smallest cell index can be used to determine the last DCI among multiple MC DCIs in the same PDCCH monitoring occasion. 
For Type-1 codebook, it is a bit controversial. In RAN#97-e, it was agreed that Type-1 HARQ-ACK codebook is supported only for the case where co-scheduled cells by a DCI format 1_X have same SCS/carrier type/duplex mode and the additional restrictions can be discussed in RAN1. In RAN1 discussion, some companies prefer to enhance the Type-1 codebook to avoid the potential restrictions. Some companies prefer that the network implementation ensures the Type-1 codebook work well. 
For Type-2 codebook, the main remaining issues is the DAI counting. The issue has been discussed from the first RAN1 meeting. Almost all the companies can accept that the PDSCH with the smallest cell index can be used for DAI counting. 
It can be seen that all the above issues are very essential for multi-cell scheduling. If they are not resolved, the multi-cell scheduling cannot work at all. 
Observation 2: There are still many critical issues left for multi-cell scheduling as summarized below.
	Topic
	Issues
	Progress

	Scenario and basic framework
	· Scenario supporting multi-cell scheduling
· Framework
· Scheduling possibility
· The maximum number of scheduled/configurable cell
	Completion level: 95%
Critical pending issues:
· Scheduling possibility: whether MC DCI and SC DCI can be from different scheduling cells for a scheduled cell

	Scheduling and DCI design
	· DCI format design
· DCI field design (including the DCI field classification and the details of the information indication, e.g., indication of co-scheduled cells, TDRA indication and FDRA indication) 
· DCI size determination
· MC DCI differentiation 
· DCI size budget and BD/CCE budget
· Search space configuration
· CCE index determination
	Completion level: 70%
Critical pending issues:
· DCI field design
· MC DCI size determination and DCI size budget
· MC DCI differentiation

	HARQ feedback
	· PUCCH slot determination
· Last DCI determination
· Type-1 HARQ codebook
· Type-2 HARQ codebook
· Type-3 HARQ codebook
	Completion level: 70%
Critical pending issues:
· PUCCH slot determination
· Last DCI determination
· Type-1 HARQ codebook
· Type-2 HARQ codebook



Based on the discussion above, there are many remaining issues on the multi-cell scheduling. To finish the standardization of multi-cell scheduling, more TU is needed. It is suggested that the deadline of this WI can be postponed to RAN#99, i.e., March of 2023 in RAN1. In addition, given that the standardization of UL Tx switching has been finished by RAN1, the standardization work in the first quarter of 2023 should only focus on multi-cell scheduling in RAN1.
Proposal 1: The target completion date of RAN1 for Rel-18 MC WI is extended to March of 2023 with additional 0.5~1 RAN1 TU for multi-cell scheduling only.
On the other hand, some remaining issues would be easily decided by RAN1 since the majority view is clear. These issues can be left to RAN1 for decision. However, some essential issues are very controversial, and have been already discussed extensively in RAN1 without consensus. For example, the DCI field design was discussed many times from the first meeting. However, some fields are still pending as shown above. Therefore, RAN plenary decision at least on the DCI field design is needed to ensure this WI can be finished before the new deadline. For example, RAN plenary can decide the field types for some remaining fields above. 
Proposal 2: RAN plenary decision at least on DCI field for multi-cell scheduling is helpful to accelerate RAN1 progress, including at least classifying the field type for some remaining fields. 
	DCI
	DCI fields

	DL DCI
	Fields to be decided about whether omitted or not, and which field type if not omitted: 
· Enhanced Type 3 codebook indicator, HARQ-ACK retransmission indicator, Minimum applicable scheduling offset indicator, SCell dormancy indication, PDCCH monitoring adaptation indication, PUCCH Cell indicator. 
Fields have been categorized as Type-1 filed, while need further determine whether it is Type-1A, Type-1B or Type-1C: 
· TDRA, ChannelAccess-Cpext, Priority indicator.

	UL DCI
	Fields to be decided about whether omitted or not, and which field type if not omitted:
· DFI flag, HARQ-ACK bitmap, Invalid symbol pattern indicator, ChannelAccess-CPext-CAPC, Minimum applicable scheduling offset indicator, SCell dormancy, PDCCH monitoring adaptation indication, UL/SUL indicator.
Fields have been categorized as Type-1 filed, while need further determine whether it is Type-1A, Type-1B or Type-1C: 
· TDRA, ChannelAccess-Cpext, Priority indicator, Beta offset indicator, CSI request, UL-SCH indicator.



Conclusion
Based on the discussion above, we have the following observations and proposals.
Observation 1: There is no need to allocate additional TU for Rel-18 UL Tx switching. The potential remaining issue for Rel-18 UL Tx switching can be handled in maintenance phase.  
Observation 2: There are still many critical issues left for multi-cell scheduling as summarized below.
	Topic
	Issues
	Progress

	Scenario and basic framework
	· Scenario supporting multi-cell scheduling
· Framework
· Scheduling possibility
· The maximum number of scheduled/configurable cell
	Completion level: 95%
Critical pending issues:
· Scheduling possibility: whether MC DCI and SC DCI can be from different scheduling cells for a scheduled cell

	Scheduling and DCI design
	· DCI format design
· DCI field design (including the DCI field classification and the details of the information indication, e.g., indication of co-scheduled cells, TDRA indication and FDRA indication) 
· DCI size determination
· MC DCI differentiation 
· DCI size budget and BD/CCE budget
· Search space configuration
· CCE index determination
	Completion level: 70%
Critical pending issues:
· DCI field design
· MC DCI size determination and DCI size budget
· MC DCI differentiation

	HARQ feedback
	· PUCCH slot determination
· Last DCI determination
· Type-1 HARQ codebook
· Type-2 HARQ codebook
· Type-3 HARQ codebook
	Completion level: 70%
Critical pending issues:
· PUCCH slot determination
· Last DCI determination
· Type-1 HARQ codebook
· Type-2 HARQ codebook



Proposal 1: The target completion date of RAN1 for Rel-18 MC WI is extended to March of 2023 with additional 0.5~1 RAN1 TU for multi-cell scheduling only.
[bookmark: _GoBack]Proposal 2: RAN plenary decision should be needed at least on DCI field for multi-cell scheduling to accelerate RAN1 progress, including at least classifying the field type for some remaining fields. 
	DCI
	DCI fields

	DL DCI
	Fields to be decided about whether omitted or not, and which field type if not omitted: 
· Enhanced Type 3 codebook indicator, HARQ-ACK retransmission indicator, Minimum applicable scheduling offset indicator, SCell dormancy indication, PDCCH monitoring adaptation indication, PUCCH Cell indicator. 
Fields have been categorized as Type-1 filed, while need further determine whether it is Type-1A, Type-1B or Type-1C: 
· TDRA, ChannelAccess-Cpext, Priority indicator.

	UL DCI
	Fields to be decided about whether omitted or not, and which field type if not omitted:
· DFI flag, HARQ-ACK bitmap, Invalid symbol pattern indicator, ChannelAccess-CPext-CAPC, Minimum applicable scheduling offset indicator, SCell dormancy, PDCCH monitoring adaptation indication, UL/SUL indicator.
Fields have been categorized as Type-1 filed, while need further determine whether it is Type-1A, Type-1B or Type-1C: 
· TDRA, ChannelAccess-Cpext, Priority indicator, Beta offset indicator, CSI request, UL-SCH indicator.
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