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[bookmark: _Hlk54799795]Introduction
[bookmark: _Hlk102662123]This document summarizes the contributions submitted under the “9.9.1 Multi-cell PUSCH/PDSCH scheduling with a single DCI” agenda item of the Rel-18 work item on “Multi-Carrier Enhancements (MCE) for NR”. 
[110bis-e-R18-MC_Enh-01] Email discussion on multi-cell PUSCH/PDSCH scheduling with a single DCI by October 19 – Haipeng (Lenovo)
· Check points: October 14, October 19

The Rel-18 WI Multi-carrier enhancements was agreed during RAN#94-e meeting [1], where one of the objectives is targeted to specify a solution for multi-cell PUSCH/PDSCH scheduling with a single DCI. The detailed objectives in the WID are listed below:
	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




In this contribution, we summarize the related issues and proposals based on the contributions submitted in RAN1#110 under the agenda item 9.9.1 [1]-[26]. The whole feature lead summary is structured as follows:
From section 2 to 5, the main issues raised by company contributions are divided into 4 parts and each section covers one main issue. In each section, the background and related proposals submitted in this meeting are listed firstly in sub-section X.1, then summary on one or several sub-issues is provided in sub-section X.2 from moderator’s perspective. Based on the above summary, a set of proposals is recommended by moderator followed by one or multiple tables to collect company views for the initial proposals in the first round of e-mail discussion. If present, in each sub-section, the proposals will be updated round by round based on companies’ inputs. As e-mail discussion goes on, more sub-sections may be provided for further e-mail discussion and update. 
In section 6, some proposals are selected for discussion in the online/offline sessions.
In Section 8, the agreements made in previous RAN1/RAN meetings are listed for reference.  
Companies are highly encouraged to provide views as soon as possible. Moderator will try to update the proposals based on companies’ inputs at least on daily basis.





Scenarios and basic framework 
Background and submitted proposals
Regarding this issue, companies’ views are summarized as below:
	LG:
· Proposal #1: Clarify whether the agreed same SCS restriction for co-scheduled cells is to be applied in cell level or BWP level.
· Consider BWP level restriction that the cells with active BWP of same SCS can be co-scheduled by the multi-cell DCI.

Nokia:
· Proposal 2.1.2: The following is supported in Rel-18: 
· Case 2-1: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells including the scheduling cell and the same spectrum type and frequency range (licensed or unlicensed, FR1 or FR2-1 or FR2-2) is used among all the co-scheduled cells including the scheduling cell.
· This includes the support of a mix of FDD and TDD cells. 
· Case 2-2: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells not including the scheduling cell and the same spectrum type and frequency range (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.
· This includes the support of a mix of FDD and TDD cells. 
· Using an unlicensed cell for scheduling a set of co-scheduled licensed cells is not supported
· Proposal 2.1.3: Highest priority scenario should be intra-band CA operation for multi-cell scheduling using DCI formats 0_X / 1_X with lower priority for over inter-band CA operation. 






Moderator summary and proposals based on contributions

Based on conclusion from RAN#97, from moderator’s perspective, there is no open issue on supported scenarios and baseline operation. 
	Conclusion:
· Followings are excluded from multi-cell PDSCH/PUSCH scheduling in Rel-18.
· SCell schedules multiple cells including P(S)Cell
· Different SCS among co-scheduled cells
· Different carrier type (licensed or unlicensed, FR1 or FR2-1 or FR2-2) among co-scheduled cells
· Configuration of both multi-cell PDSCH/PUSCH scheduling and multi-TRP for a scheduled cell
· Support for any sidelink scheduling




Regarding the issue raised by LG whether the agreed same SCS restriction for co-scheduled cells is applied in cell level or BWP level, moderator understands this is BWP level restriction as only active BWP per cell is scheduled for data transmission. 
Regarding the issue raised by Nokia whether to add the restriction of same spectrum type and frequency range to Case 2-1 and Case 2-2, moderator understands RAN guidance has precluded the case where mixed licensed or unlicensed carriers are co-scheduled. Since there is no issue to support mixed TDD and FDD for co-scheduling and RAN conclusion keeps the possibility, moderator thinks no need to further preclude mixed TDD and FDD in RAN1.
Hence, no proposal is provided in this section for time being.


[bookmark: _Hlk103114634]
DCI format design

Based on contributions submitted by companies, below issues are prioritized for discussion in this meeting. Within each sub-section, the summary from moderator’s perspective is listed and followed by draft proposals for further discussion round by round. 
Maximum number of cells scheduled by a single DCI

Regarding this issue, companies’ views are summarized as below:

	Huawei, HiSilicon
· Proposal 1: Confirm the work assumption that the maximum number of co-scheduled cells by a DCI format 1_X/0_X in Rel-18 is 4.
· Proposal 2: The maximum number of configurable cells for co-scheduling should be same as the maximum number of co-scheduled cells by DCI format 0_X/1_X, i.e. 4.

ZTE
· Proposal 1: The maximum number of configurable cells for co-scheduling is equal to the maximum number of co-scheduled cells by a single MC-DCI.

Spreadtrum Communications
· [bookmark: OLE_LINK5]Proposal 1: Confirm the working assumption, and maximum number of configurable cells for co-scheduling is 4.
· The maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 is 4.
· The maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 is 4.

Xiaomi:
· Proposal 2: Confirm the working assumption that the maximum number of co-scheduled cells which can be scheduled by a single DCI is 4.
· Proposal 3: The number of the scheduled cells by a single DCI can be semi-statically configured with a value less than or equal to the maximum number of co-scheduled cells

Lenovo:
· Proposal 14: Confirm the working assumption that the maximum number of co-scheduled cells by a DCI format 0_X/1_X in Rel-18 is 4.
· Proposal 15: For a UE, the maximum number of cells which can be co-scheduled by the DCI is configured by RRC signaling from a set of possible values of 2, 3 and 4.

CMCC:
· Proposal 3. The maximum number of configurable cells scheduled by a DCI format 0_X/1_X can be more than 4.

Samsung:
· Proposal 2: Confirm the WA from RAN1#110. The FFS can be left for UE capability discussions.

Ericsson:
· [bookmark: _Toc111209436][bookmark: _Toc115448699][bookmark: _Toc115419427]Proposal 1: Maximum number of configurable cells for co-scheduling by a DCI format 1_X/0_X is 4.

NTT DOCOMO:
· Proposal 2: Confirm following working assumption
· The maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 is 4.
· The maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 is 4.

Nokia, Nokia Shanghai Bell
· Proposal 3.1.1: RAN1 to confirm the RAN1#110 working assumption on the maximum number of co-scheduled cells, i.e. 
	Working Assumption
· The maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 is 4.
· The maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 is 4.



· Proposal 3.1.2: To limit the DCI size, the maximum number of co-scheduled cells by a DCI format 0_X / 1_X should be based on RRC configuration (i.e. from the set of {2,3,4}). 
· Proposal 3.1.3: The maximum number of configurable cells for co-scheduling using DCI formats 0_X / 1_X is determined by the number of cells within a PUCCH group but not limited otherwise (i.e. >4 configurable cells are supported).  





Moderator summary and proposals based on contributions

Regarding the maximum number of schedulable cells by a single DCI, working assumption is made in RAN1#110 meeting which is also listed below. 
	Working Assumption
· The maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 is 4.
· The maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 is 4.
· FFS: The maximum number of configurable cells for co-scheduling



Obviously, the payload size is rapidly increased with the number of schedulable cells. Considering the maximum 140 bits excluding CRC for DCI payload size due to the limitation on of Polar code interleaver, too many cells schedulable by a single DCI will lead to scheduling restriction. The determined maximum number of schedulable cells should consider both the limitation of 140bits for Polar coding and scheduling flexibility as well as the probability of scheduling a large number of carriers. So from this perspective, a reasonable absolute maximum of schedulable cells should be 4. 
Regarding maximum number of schedulable carriers by a single DCI, 7 companies [Huawei, Spreadtrum, Xiaomi, Lenovo, Samsung, NTT DOCOMO, Nokia] propose to confirm the working assumption of maximum 4 co-scheduled cells by a single DCI format 0_X/1_X and no company propose max 8 cells scheduled by a single DCI. Hence, moderator suggests confirming the working assumption in the first round of discussions. 
Regarding the FFS of the maximum number of configurable cells for co-scheduling, moderator suggests discussing this issue with the indication of co-scheduled cells and moves it to Section 4. 

1st round of discussions

Proposal 2-1:
· Confirm below working assumption reached in RAN1#110 meeting.
Working Assumption
· The maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 is 4.
· The maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 is 4.

Companies are encouraged to provide comments in the table below.
	Company
	Comment

	MTK
	Support

	Qualcomm
	We are OK with the proposal.

	Nokia/NSB
	Support

	Apple
	Support

	Langbo
	Support

	Huawei, HiSilicon
	Support

	Intel
	We are fine with the proposal. 
However, based on the discussion in the last meeting, we also need to determine the maximum number of configured cells for multi-cell scheduling. 

	ZTE
	Support to confirm the working assumption.

	Moderator
	@Intel:
I plan to discuss the maximum number of configured cells for multi-cell scheduling in section 4.2.

	CMCC
	We are fine with the proposal.

	New H3C
	Support

	Fujitsu
	Support. 

	CATT
	Support

	vivo
	Support

	LGE
	Support

	Samsung
	OK with the proposal

	Spreadtrum
	Support

	Xiaomi
	Support 

	NTT DOCOMO
	Support.

	Ericsson1
	OK to confirm the WA.
On FL comment “Regarding the FFS of the maximum number of configurable cells for co-scheduling, moderator suggests discussing this issue with the indication of co-scheduled cells and moves it to Section 4” – the “maximum number of configurable cells for co-scheduling” impacts several important aspects including DCI format size (UE determines this based on RRC configuration or is it based on set of ‘co-scheduled’ cells) , how DCI field sizes are determined and BD complexity. So, it is good to clarify this in general instead of focussing just the ‘indication of co-scheduled cells’.

	China Telecom
	Support

	ITRI
	Support

	Moderator2
	@Ericsson: Thanks for the good comments. Agree with you. We can discuss this issue together with DCI size and co-scheduled cell indicator.




[bookmark: _Hlk103114705]
Scheduling possibilities
	Huawei:
· Proposal 3: Confirm the WA that multi-cell scheduling DCI and legacy DCI can be monitored simultaneously from the same scheduling cell and the following should also be supported:
· Monitoring of the DCI format 0_X/1_X and the legacy DCI format(s) is supported for all scheduled cells within the set of co-scheduled cells.
· At least fallback DCI, DCI 0_1/1_1 and DCI 0_2/1_2 should be supported to be monitored with DCI 0_X/1_X.
· Proposal 4: Monitoring the DCI format 0_X/1_X from one scheduling cell and legacy DCI format(s) from the scheduled cell via self-scheduling should be supported.

ZTE:
· Proposal 11: Confirm the working assumption with the FFS deleted.
· For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from a same scheduling cell. 
· The DCI format 0_X/1_X and the legacy DCI format(s) can be monitored simultaneously.  

Spreadtrum Communications
· Proposal 8: The search space configured with DCI format 0_X/1_X cannot be configured with legacy DCI formats.

Vivo
· [bookmark: _Ref111223655]Proposal 1. For a scheduled cell, the case where different scheduling cells are configured for multi-cell scheduling and single-cell scheduling is not supported.

China Telecom:
· Proposal 2: For a cell within a set of configured cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring DCI format 0_X/1_X and legacy DCI format(s) from a same scheduling cell simultaneously:
· At least when the cell is the same as scheduling cell
· when the cell is not the same as scheduling cell, it depends on gNB configuration of legacy cross-carrier scheduling to support.
· Proposal 3: For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, not support monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from different scheduling cells.

CATT:
· Proposal 1: Each cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X should support monitoring the DCI format 0_X/1_X and legacy DCI format simultaneously.
· Proposal 2: The scheduling cell of legacy DCI format for each cell scheduled by DCI format 0_X/1_X should be the same scheduling cell for DCI format 0_X/1_X.
· Proposal 4: If the UE has the capability of multi-cell scheduling, all legacy DCI format can be monitored with DCI format 0_X/1_X.

Langbo：
· Proposal 1: Confirm the working assumption that monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from a same scheduling cell is supported for a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X.
· Proposal 2: When DCI format 0_X/1_X and a legacy DCI format are configured to be monitored simultaneously, monitoring of the DCI format 0_X/1_X and the legacy DCI format is supported for each cell that can be co-scheduled.
· Proposal 3: For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, monitoring the DCI format 0_X/1_X from one scheduling cell and legacy DCI format(s) from another scheduling cell is not supported.

Intel:
· Proposal 2: For each cell within a set of configured cells which can be scheduled by a DCI format 0_X/1_X, 
· Support monitoring DCI format 0_X/1_X and legacy DCI format(s) simultaneously from a same scheduling cell. 
· Support monitoring DCI format 0_X/1_X and legacy DCI format(s) simultaneously from different scheduling cells.

Lenovo:
· Proposal 20: Confirm the working assumption that for a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring DCI format 0_X/1_X and legacy DCI format(s) from a same scheduling cell.
· Proposal 21: Support monitoring DCI format 0_X/1_X and legacy DCI format(s) for all cells within a set of cells which can be co-scheduled by the DCI format 0_X/1_X.
· Proposal 22: It is up to gNB configuration to support monitoring a subset or all legacy DCI format(s) with DCI format 0_X/1_X for a cell within a set of cells which can be co-scheduled by the DCI format 0_X/1_X.

CMCC:
· Proposal 1. For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from a same scheduling cell. 
· The DCI format 0_X/1_X and the legacy DCI format(s) can be monitored simultaneously for each cell within the co-scheduled cells. 
· All legacy DCI format(s) can be monitored with DCI 0_X/1_X.
· Proposal 2. For single cell scheduling, support the switching between monitoring DCI format 0_X/1_X and legacy DCI format for a scheduled cell.

FGI:
· Proposal 2: For each scheduled cell, a UE monitors DCI format 0_X/1_X on at most one scheduling cell.
· Proposal 3: Confirm the working assumption that ”For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from a same scheduling cell.”
· Proposal 4: For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X from one scheduling cell and legacy DCI format(s) from the scheduled cell via self-scheduling.

Apple:
· Proposal 1: For each scheduled cell, a UE is configured to monitor both DCI format 0_X/1_X and legacy DCI format(s) on at most one/same scheduling cell
· It is not supported to monitor legacy DCI format(s) on an additional scheduling cell
· Proposal 2: For multi-cell scheduling DCI format 0_X/1_X, do not support different DCI sizes corresponding to different number of scheduled cells

Samsung:
· Proposal 1: Do not further consider introduction of multiple scheduling cells for a scheduled cell.
· Proposal 8: It is up to gNB whether to configure a UE to monitor PDCCHs for one or both SC-DCI formats and MC-DCI formats for any cell from a configured set of scheduled cells.
· Proposal 9: A UE can be configured to monitor PDCCH for MC-DCI formats and SC-DCI formats, or to monitor PDCCH for downlink MC-DCI format (1_X) and uplink MC-DCI format (0_X), in different search space sets.
· Proposal 10: When an MC-DCI format is used for scheduling a single cell, the UE interprets the MC-DCI format based on the same fields as for a SC-DCI format (e.g., DCI format 0_1/1_1).
· Fields corresponding to fully disabled functionalities (e.g., CBG or multi-TRP operation) are reserved.

Ericsson:
· [bookmark: _Toc111209439][bookmark: _Toc115448700][bookmark: _Toc115419428]Proposal 2: When mc-DCI is configured for scheduling PUSCH/PDSCH on multiple cells, a mc-DCI can schedule PUSCH/PDSCH on all of the cells or a subset of those cells.
· [bookmark: _Toc111209440][bookmark: _Toc115419429][bookmark: _Toc115448701]Proposal 3: When mc-DCI is configured for scheduling PUSCH/PDSCH on multiple cells, for each of those cells, UE can also be configured to monitor existing single cell DCI format(s) scheduling PUSCH/PDSCH (i.e. 1_1/1_2/0_1/0_2).

NTT DOCOMO:
· Proposal 7: Self-carrier scheduling by legacy DCI format(s) for each co-scheduled cell configured for multi-cell scheduling via DCI format 0_X/1_X should be supported.

Qualcomm:
· Proposal 5: Support dynamic indication of scheduling cell(s)
· Enable configuration of more than one scheduling cells for a scheduled cell
· Enable switch/fallback from multi-cell scheduling to legacy self-scheduling dynamically
· Extend SSSG switching or BWP switching to enable this

Nokia, Nokia Shanghai Bell
· Proposal 3.2.1: For a scheduled cell, a UE monitors PDCCH for DCI format 0_X/1_X always on one scheduling cell.  
· [bookmark: _Hlk113632011]Proposal 3.2.2: Confirm the following RAN1#110 working assumption on the support of simultaneous monitoring for DCI format 0_X/1X and legacy DCI format(s) from a same scheduling cell.
	Working Assumption
For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from a same scheduling cell. 
· The DCI format 0_X/1_X and the legacy DCI format(s) can be monitored simultaneously. 
· FFS: whether monitoring of the DCI format 0_X/1_X and the legacy DCI format(s) is supported for one, a subset, or all cells within the set of cells. 
· FFS: number of different DCI sizes for 0_X/1_X and for legacy DCI formats
· FFS: whether to support a subset or all legacy DCI format(s) to be monitored with DCI 0_X/1_X



· Proposal 3.2.4: For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from different scheduling cells for the case of legacy DCI format(s) self-scheduling.
·  The DCI format 0_X/1_X and the legacy DCI format(s) can be monitored simultaneously. 
· Proposal 3.3.1: Adopt RAN1#109-e Proposal 2-9, i.e. Single-stage DCI format is supported for multi-cell PDSCH or PUSCH scheduling.
· Proposal 3.3.2: The maximum DCI size for DCI formats 0_X / 1_X is given by the maximum supported payload size of a single polar codeblock of 140 bits (excl. CRC) 
· Proposal 3.3.3: Support the monitoring for more than one multi-cell DCI 0_X / 1_X (at least on different scheduling cells) within a PUCCH group, where each of the DCI formats 0_X / 1_X can schedule a different (non-overlapping) subgroup of cells within a PUCCH group.




Moderator summary and proposals based on contributions

· On at most one scheduling cell for monitoring DCI format 0_X/1_X 

Regarding whether to support more than one scheduling cell for monitoring DCI format 0_X/1_X for each scheduled cell, RAN1#110 has extensively discussed this issue and achieved below version in FL summary#6.
	Proposal 2-3rev1:
· For each scheduled cell, a UE monitors PDCCH for DCI format 0_X/1_X always on one scheduling cell per configuration. 
· FFS: whether a UE monitors PDCCH for DCI format 0_X/1_X on one scheduling cell and the scheduling cell can be changed dynamically 



Furthermore, this issue is discussed in RAN#97 with below conclusion/guidance: 
	Conclusion (RAN#97)
Configuring more than one scheduling cell for DCI format 0_X/1_X for each scheduled cell is not supported for the multi-cell PUSCH/PDSCH scheduling in Rel-18.



Based on the RAN guidance, it has excluded the possibility of configuring more than one scheduling cell for DCI format 0_X/1_X for each scheduled cell and dynamic switching of scheduling cell. Moderator suggests concluding Proposal 2-3rev1 in previous meeting according to RAN guidance. Hence, Proposal 2-2 is provided. 


· On simultaneous monitoring DCI format 0_X/1_X and legacy DCI formats from a same scheduling cell
Regarding PDCCH monitoring for multi-cell scheduling and single cell scheduling, RAN1#110 reaches below working assumption.
	Working Assumption
For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from a same scheduling cell. 
· The DCI format 0_X/1_X and the legacy DCI format(s) can be monitored simultaneously. 
· FFS: whether monitoring of the DCI format 0_X/1_X and the legacy DCI format(s) is supported for one, a subset, or all cells within the set of cells. 
· FFS: number of different DCI sizes for 0_X/1_X and for legacy DCI formats
· FFS: whether to support a subset or all legacy DCI format(s) to be monitored with DCI 0_X/1_X




In RAN1#110, new DCI format introduced for multi-cell scheduling has been agreed. The multi-cell scheduling DCI can be used for scheduling a single cell or multiple cells so that it gives the full scheduling flexibility to gNB. Since the multi-cell scheduling is used in CA case for increasing data rate, for a scheduled cell within a set of cells which can be co-scheduled by DCI 0-X/1-X from a scheduling cell, in case of small data packet or retransmission, there is one possibility that gNB needs to only schedule a single cell, e.g., a single scheduled cell. Using legacy DCI for single-cell scheduling can greatly save CCE resources and obtain wide coverage, which is more efficient than using DCI format 0-X/1-X to do it although using DCI format 0-X/1-X can achieve single cell scheduling. On the other hand, UE may need to monitor fallback DCI from the scheduling cell. In that sense, simultaneously monitoring DCI 0-X/1-X and legacy DCI format from a same scheduling cell for a scheduled cell is needed. 
Regarding the working assumption of supporting simultaneously monitoring DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from a same scheduling cell, 11 companies [Huawei, ZTE, China Telecom, CATT, Langbo, Intel, Lenovo, CMCC, FGI, Ericsson, Nokia] support confirming it in this meeting. So, Proposal 2-3 is provided. 
In the working assumption, there are three FFS: Regarding the first FFS, the issue is whether monitoring of the DCI format 0_X/1_X and the legacy DCI format(s) is supported for one, a subset, or all cells within the set of cells. Considering each cell of the set of cells may be scheduled for retransmission via a single cell scheduling manner and HARQ retransmission is performed per cell, it makes sense to support monitoring both DCI format 0_X/1_X and the legacy DCI format(s) for all cells within the set of cells. Six companies [Huawei, CATT, Langbo, Lenovo, CMCC, Ericsson] express views to support monitoring both DCI format 0_X/1_X and the legacy DCI format(s) for all cells within the set of cells.
Regarding the 2nd FFS, the number of different DCI sizes for DCI format 0_X/1_X and for legacy DCI formats, this issue is discussed in BD/CCE counting and DCI size budget for multi-cell scheduling DCI. 
Regarding the 3rd FFS, for the scheduled cell, whether to monitor a subset or all legacy DCI format(s) with DCI format 0_X/1_X should be configurable. E.g., it is feasible to configure monitoring both DCI format 0_0/1_0 and DCI format 0_X/1_X for a scheduled cell, i.e., using DCI format 0_X/1_X for multi-cell scheduling and DCI format 0_0/1_0 for fallback operation or single cell scheduling. Alternatively, it is also possible to configure monitoring both DCI format 0_1/1_1 and DCI format 0_X/1_X for a scheduled cell, i.e., using DCI format 0_X/1_X for multi-cell scheduling and DCI format 0_1/1_1 for single cell scheduling. So, it makes sense to support all legacy DCI formats dependent on gNB configuration. One company [Huawei] support at least DCI 0_1/1_1 and DCI 0_2/1_2 should be supported to be monitored with DCI 0_X/1_X. Four companies [CATT, Lenovo, CMCC, Ericsson] support monitoring all legacy single cell DCI formats with DCI format 0_X/1_X. 
Hence, Proposal 2-4 is provided to address the two FFS issues in the working assumption.


· On simultaneous monitoring DCI format 0_X/1_X and legacy DCI formats from different scheduling cells
It is observed by some companies that if multi-cell DCI scheduling and single-cell DCI scheduling are restricted only from a same scheduling cell for each co-scheduled cell, it may lead to high DL control load on the scheduling cell even PDCCH scarcity. Therefore, for a UE, monitoring DCI format 0_X/1_X and legacy DCI format(s) from different scheduling cells for a scheduled cell within a set of configured cells which can be co-scheduled by a DCI format 0_X/1_X may be useful for PDCCH load balancing.
Whether to support monitoring DCI format 0_X/1_X and legacy DCI format(s) from different cells, companies’ views are summarized as below:
· Support monitoring DCI format 0_X/1_X and legacy DCI format(s) from different cells
· Yes: Huawei, Intel, FGI, NTT DOCOMO, Nokia
· No: China Telecom, CATT, Langbo, Apple, Samsung, LGE.

From moderator’s point of view, supporting monitoring DCI format 0_X/1_X and legacy DCI format(s) from different cells seems optimization and not essential to complete this multi-cell scheduling in Rel-18. Considering only 1 TU is arranged for Q4 2022 and possible standardization effort, moderator suggest deferring this issue. 


1st round of discussions

Proposal 2-2:
· For a scheduled cell, a UE monitors PDCCH for DCI format 0_X/1_X always on one scheduling cell. 


Companies are encouraged to provide comments in the table below.
	Company
	Comment

	MTK
	Support

	Qualcomm
	No need to agree this. We think this has already been concluded in RAN#97.

	Nokia, NSB
	Support, but agree with QC. 

	Apple
	Support but agree that this is already a conclusion in RAN#97-e

	Langbo
	Support, agree with QC.

	Intel
	Agree with QC. 

	ZTE
	This aligns with the guidance agreed in the RAN1#97-e. We support this proposal and also agree with QC.

	Moderator
	Yes, this issue has been concluded in RAN#97. It is more helpful to understand this issue according to this proposal.
If majority companies think this proposal is not necessary, we can just leave it here for information. 

	CMCC
	Support

	New H3C
	Support

	Fujitsu
	Agree with QC.
If we need to agree this, maybe other conclusions made in RAN#97 need to be agreed in this meeting as well.

	CATT
	Support

	vivo
	agree with QC. 

	LGE
	Support

	Samsung
	No need for this proposal as mentioned by QC. Also, the wording “monitors” and “one” are open to interpretation. Prefer the wording from RAN#97-e.
Conclusion (RAN#97)
Configuring more than one scheduling cell for DCI format 0_X/1_X for each scheduled cell is not supported for the multi-cell PUSCH/PDSCH scheduling in Rel-18.

	Spreadtrum
	Support, also fine for information

	Xiaomi
	Agree with QC

	NTT DOCOMO
	We have a same understanding as QC.

	Ericsson1
	We do not see need for agreement on this. The principle that there is one scheduling per scheduled cell is generally applicable (given the RAN#97 down-scoping) and not restricted to just DCI format 0_X/1_X. 

	China Telecom
	Support, agree with QC

	ITRI
	Agree with QC

	Moderator2
	OK, the proposal is deleted.






Proposal 2-3:
· Confirm below working assumption reached in RAN1#110 meeting.
For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from a same scheduling cell. 
· The DCI format 0_X/1_X and the legacy DCI format(s) can be monitored simultaneously. 
· FFS: whether monitoring of the DCI format 0_X/1_X and the legacy DCI format(s) is supported for one, a subset, or all cells within the set of cells. 
· FFS: number of different DCI sizes for 0_X/1_X and for legacy DCI formats
· FFS: whether to support a subset or all legacy DCI format(s) to be monitored with DCI 0_X/1_X

Proposal 2-4:
· [bookmark: OLE_LINK440][bookmark: OLE_LINK441]For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and all legacy single cell scheduling DCI format(s) from a same scheduling cell for all cells within the set of cells. 

Companies are encouraged to provide comments in the table below.
	Company
	Comment

	MTK
	We want to first clarify, for Proposal 2-3/2-4, is it correct that if PCell uses MC DCI to schedule {PCell, SCell1, SCell2, SCell3}, then only PCell would also monitor the legacy single cell scheduling DCI format(s)? (with the “…from a same scheduling cell” wording)
If this is correct understanding, then we can support Proposal 2-3/2-4. 
At the same time, our preference for baseline is not to support MC-DCI and legacy cross-carrier scheduling at the same time

	Qualcomm
	On Proposal 2-3:
We are not OK with confirming the working assumption. As we have discussed multiple times, this issue is highly correlated with PDCCH BD/CCE budget and DCI-size budget issues. Before confirming the working assumption, we should look at overall pictures. This is why we made it as a working assumption.

On Proposal 2-4:
We do not understand the difference from the 1st FFS of Proposal 2-3. 

Related to the 1st FFS and Proposal 2-4, following should be clarified:
Whether/how to maintain BD/CCE budget per scheduled CC?

Suppose a UE monitors DCI 0_X/1_X on CC 0 for CCs {1, 2, 3, 4}. Suppose a UE also monitors legacy DCI formats on CC 0 for each of CCs {1, 2, 3, 4}. Suppose the scheduling CC uses SCS 30kHz, in which case per-CC BD budget is 36 per slot. Take a look at PDCCH for the scheduled CC 1, the UE monitors the DCI 0_X/1_X and the legacy DCI formats. 
· Whether the total number of BDs for the DCI 0_X/1_X for CCs {1, 2, 3, 4} and the legacy DCI formats for CC 1 is capped by 36 or not?
Our answer is yes, at least for basic MC-scheduling. Same for CCE budget. Although we are open to discuss advanced case, we would like to clarify the basic case first. We are not sure how Proposal 2-4 can work with per-scheduled-CC BD/CCE budget.

Our view can be summarized as follows.
· Association between nCI value and scheduled-CC-set should be first agreed.
· For a basic MC-scheduling, BD/CCE budget per scheduled CC is kept unchanged. 
· There are following options on BD/CCE budget maintenance:
· Opt.1: Count BD/CCE for DCI 0_X/1_X for each of the CCs in the scheduled-CC-set
· The UE can be configured to monitor DCI 0_X/1_X for a scheduled-CC-set and legacy DCI formats for each CC in the scheduled-CC-set
· Opt.2: The UE monitors DCI 0_X/1_X for a scheduled-CC-set and legacy DCI formats for one of the CCs in the scheduled-CC-set


	Nokia, NSB
	Support both, proposal 2-3 and proposal 2-4

	Apple
	Support both proposals 2-3 and 2-4

	Langbo
	Support proposal 2-3
For Proposal 2-4, what does it mean by “all legacy single cell scheduling DCI format(s)”? Two understandings from our perspective:
1. a legacy single cell DCI can be configured together with DCI format 0_X/1_X and the legacy DCI could be any existing single cell scheduling DCI;
2. multiple legacy DCI formats could be configured together with DCI format 0_X/1_X (not exceeding DCI size budget).
And also, it is not clear for us which DCI format is considered as “legacy single cell scheduling DCI format(s)”, e.g, whether the DCI formats for multicast are considered as legacy single cell scheduling DCI formats. It would be clearer and more precise to list the supported legacy DCI formats.

	Huawei, HiSilicon
	Appreciate Moderator efforts and generally support the above proposals. 
However we have two comments related:
1) Although generally we support the current proposed intention in legacy case, we have different preference than MTK in terms of the case a SCell can also use MC-DCI and self-scheduling together.
2) We unfortunately have also different view on moderator consideration of: supporting monitoring DCI format 0_X/1_X and legacy DCI format(s) from different cells seems optimization and not essential to complete this multi-cell scheduling in Rel-18.
From specification work perspective, we consider this is related to how BD/CCE is distributed, which anyway will need to be discussed. There could be no extra work for supporting this once we know that the total budget is kept regardless of where the scheduling DCIs being from, which is similar to the R17 SCell scheduling PCell where DCIs can be monitored from different cells simultaneously. From use case perspective, we see need to have this supported functionally so that network can implement this feature with ensured flexibility.  

	ZTE
	We support Proposal 2-3.
For the Proposal 2-4, we slightly prefer the UE can monitor DCI format 0_X/1_X and all legacy single cell scheduling DCI formats from the different scheduling cells. This can balance the PDCCH load across the serving cells. If companies do want to introduce additional spec efforts on BD/CCE splitting, we think at least it can be supported for the cell which the BC/CCE of the DCI 0_X/1_X is not counted on since there is no such issue on these scheduled cells. For example, the DCI format 0_X/1_X transmitted on Cell 0 can schedule Cell 1-4. If the BD/CCE of DCI format 0_X/1_X is counted on the Cell 1. Then Cell 2, 3, and 4 can support self-cell scheduling by using legacy DCI formats. It is noted there are only legacy DCI formats counted in Cell 2, 3, and 4.

	Moderator
	@MTK: 
Yes, your understanding is correct. The main intention is DCI format 0_X/1_X and legacy DCI formats are always from a single scheduling cell.
Regarding your second comment, I think simultaneous monitoring both DCI format 0_X/1_X and legacy DCI format can be supported as long as DCI size budget and BD/CCE budget are maintained for each cell as legacy.

@Qualcomm:
For your first comment, I am Ok to defer the WA after we conclude the DCI size budget and BD/CCE budget issues.
For your second comment, my understanding on the first FFS is whether one, subset or all cells within the set of cells can be configured for monitoring both DCI format 0_X/1_X and legacy DCI formats from the same scheduling cell.
E.g., PCell uses DCI 0_X/1_X to co-schedule {PCell, SCell 1, SCell 2, SCell 3}, it makes sense to support monitoring both DCI 0_X/1_X and legacy DCI formats from PCell for each of {PCell, SCell 1, SCell 2, SCell 3}. This is intention of Proposal 2-4.
Regarding your other comments, I think it is relevant to BD/CCE and DCI size so that we can discuss the issue under Proposal 2-7 and 2-8.

@Langbo:
I think it is no need to limit a certain legacy DCI format in the proposal as long as the DCI size budget and BD/CCE budget can be maintained as legacy.
Regarding the multicast DCI, both DCI format 4_0 and 4_1 are size aligned with DCI format 0_0/1_0, and DCI format 4_2 is configured for payload size. So seems no need to consider the size alignment issues for multicast DCI. 

@Huawei @ZTE:
As you know, supporting monitoring DCI format 0_X/1_X and legacy DCI format(s) from different cells has significant impact on existing CA scheduling framework. RAN#97 has excluded two cases: (1) PCell schedules multiple cells by DCI format 0_X/1_X when a sSCell is configured to schedule PCell; (2) SCell schedules multiple cells including P(S)Cell. My understanding is there is only one scheduling cell for each scheduled cell in Rel-18 MC scheduling. So I tend to defer this issue.


	CMCC
	For Proposal 2-3, we support the main bullet.
For Proposal 2-4, we are fine with the proposal,  the configuration of DCI formats depends on the network, and there is no need to restrict monitoring only some specific DCI formats in the specifications.

	New H3C
	Support proposal 2-3 and proposal 2-4

	Fujitsu
	We prefer not to simultaneously support MC-DCI and legacy CCS. As summarized by FL. RAN1 has already agreed that DCI format 0_X/1_X can support single-cell scheduling so that it gives the scheduling flexibility to gNB. DCI format 0_X/1_X capable of single-cell scheduling can achieve same scheduling target as legacy CCS.
Meanwhile, the proposals are not quite clear to us. 
(1) RAN1 has agreed that DCI format 0_X/1_X can support single cell scheduling. When we say “a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X”, do we mean a cell that can be scheduled by a DCI format 0_X/1_X regardless of whether it can be scheduled only by single cells scheduling via DCI format 0_X/1_X? 
(2) For proposal 2-4, does it mean if support legacy DCI formats for one scheduled cell, the same legacy DCI format is also supported for all the other scheduled cells?

	CATT
	Support proposal 2-3 and proposal 2-4

	vivo
	Support proposal 2-3. 
proposal 2-4: the proposal implies that all the co-scheduled cell should support all legacy single cell scheduling DCI format(s), however, this is not possible. For example, Pcell uses mc-DCI to schedule {Pcell and Scell#1}, then for Scell#1, legacy fallback DCI 0-0/1-0 cannot be supported as there is only 1 scheduling cell(i.e. Pcell). Legacy fallback DCI 0-0/1-0 can be used for Pcell self-scheduling only in this case. 
We think the proposal can be revised as below, as it is up to NW configuration to decide which DCI format to use.
Proposal 2-4:
· For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and all legacy single cell scheduling DCI format(s) from a same scheduling cell for all cells within the set of cells it is up to Network to configure legacy DCI format(s) for single cell scheduling that is from the same scheduling cell as the scheduling cell of the DCI format 0_X/1_X

	LGE
	In our understanding, Proposal 2-4 is revised version of previous WA to resolve the 1st and 3rd FFS in Proposal 2-3. So we suggest to modify the wording in Proposal 2-3 and confirm the WA, rather than keeping both Proposal 2-3 and Proposal 2-4, as follows

· Confirm below working assumption reached in RAN1#110 meeting.
For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and all of the configured legacy single cell scheduling DCI format(s) from a same scheduling cell. 
· The DCI format 0_X/1_X and all of the legacy DCI format(s) configured by gNB can be monitored simultaneously. 
· FFS: whether monitoring of the DCI format 0_X/1_X and the legacy DCI format(s) is supported for one, a subset, or all cells within the set of cells. 
· FFS: number of different DCI sizes for 0_X/1_X and for legacy DCI formats
· FFS: whether to support a subset or all legacy DCI format(s) to be monitored with DCI 0_X/1_X


	Samsung
	OK with Proposal 2-3 to confirm the WA, but due to limited WI time, it is preferable to directly agree to the modified WA per Proposal 2-4 so that the FFS points are resolved. A minor editorial update is suggested below for brevity/clarity. 

Proposal 2-4: Confirm WA from RAN1#110 as follows:
For a all cells within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and all legacy single cell scheduling DCI format(s) from a same scheduling cell for all cells within the set of cells. 

	Xiaomi
	For proposal 2-3, we don’t see the need of the FFS parts. Our understanding of the proposal is to support only one scheduling cell for each scheduled cell which is in line with the legacy design. We don’t know why the first FFS is needed.
For proposal 2-4, support.

	NTT DOCOMO
	Proposal 2-3: We support this proposal in general. We agree with HW/ZTE to support self-carrier scheduling by legacy DCI for each scheduled cell of DCI format 0_X/1_X at the same time since it is beneficial in terms of PDCCH load balancing. However, we are fine to discuss it later.
Proposal 2-4: We support that monitoring of the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from a same scheduling cellis supported for all cells within the set of cells. Regarding which legacy DCI format(s) can be monitored with DCI format 0_X/1_X, it should be discussed further to consider the possibility that subset of legacy DCI formats can be monitored simultaneously instead of all DCI formats.

	Ericsson1
	OK with P2-3, 
For 2-4,  we are OK with limiting to 4 non-fallback DCIs per scheduled cell (We do not see need for configuring all six DCI formats simultaneously 1_1/1_2/1_X and 0_1/0_2/0_X).

	Huawei2
	Thanks for FL clarification.
The below conclusion about one scheduling cell is only about the cell with DCI 1_X and 0_X, instead of total one. This has been clarified in RAN plenary discussion when it was made.
We understand the progress concern. Let’s see whether this need extra spec work after BD/CCE discussion.

Conclusion (RAN#97)
Configuring more than one scheduling cell for DCI format 0_X/1_X for each scheduled cell is not supported for the multi-cell PUSCH/PDSCH scheduling in Rel-18.

	China Telecom
	On Proposal 2-3: Support.
On Proposal 2-4: When it is supported, for MTK’s example, our understanding is not only PCell, SCell1, SCell2, and SCell3 would also monitor the legacy single cell scheduling DCI format(s) transmitted on PCell with cross carrier scheduling.
If there are N cells within the set of configured cells to be co-scheduled by a DCI format 0_X/1_X, does Proposal 2-4 imply cross-carrier scheduling should be configured for legacy DCI from the scheduling cell to N cells when the N cells do not include the scheduling cell, or to N-1 cells when the N cells include the scheduling cell? Is it restriction on cross-carrier scheduling configuration for legacy DCI?
Then for legacy DCI format(s) not having the CFI field, how to support the cross-carrier scheduling?

	Qualcomm
	This is response to moderator.
Regarding the following:
E.g., PCell uses DCI 0_X/1_X to co-schedule {Pcell, Scell 1, Scell 2, Scell 3}, it makes sense to support monitoring both DCI 0_X/1_X and legacy DCI formats from Pcell for each of {Pcell, Scell 1, Scell 2, Scell 3}. This is intention of Proposal 2-4.
Yes, the intention is obvious. However, the impact to the UE side is quite significant, depending on how the numbers of BDs, CCEs, and DCI-sizes per scheduled CC are capped. Therefore, we are suggesting to start from BD/CCE (and DCI-size).

Regarding the following:
As you know, supporting monitoring DCI format 0_X/1_X and legacy DCI format(s) from different cells has significant impact on existing CA scheduling framework.
We do not think this has significant impact on existing CA scheduling framework. Rel-17 already supports this. If only one scheduling cell is determined at a time dynamically, the impact on UE implementation is lesser than supporting DCI format 0_X/1_X for a set of cells and legacy DCI formats for each of the set of cells, from the same scheduling cell, and we do not need to worry about the BD/CCE/DCI-size budget.


	ITRI
	Support proposal 2-3 and proposal 2-4

	Moderator2
	@Fujitsu:
As long as the DCI budget and BD/CCE budget can be maintained as legacy, it seems not necessary to preclude the simultaneous monitoring both DCI formats. 
Regarding your second comment, I am not sure whether I fully understand your point. It is possible that DCI format 0_X/1_X can schedule a single cell from the set of cells as long as the indicator of co-scheduled cells can be designed to indicate a single cell.
For Proposal 2-4, it does not imply same legacy DCI formats for each co-scheduled cell. It is up to gNB configuration. As mentioned by other companies, in case of PCell scheduling PCell and several SCells, DCI format 0-0/1-0 can be monitored on PCell for Self-scheduling PCell. However, DCI format 0-0/1-0 can’t be configured on PCell for cross-carrier scheduling any SCell. So no need and not possible to restrict same legacy DCI formats for each co-scheduled cell.

@vivo:
Yes, you are right. In your example, fallback DCI 0-0/1-0 cannot be used for cross-carrier scheduling from PCell to SCell. It is up to NW configuration to decide which DCI format to use. I try to update the proposal to address your concern.

@LG @Samsung: 
Thanks for the good suggestions. I will consider it for update.

@xiaomi:
In the first FFS, DCI format 0_X/1_X and legacy DCI formats are only transmitted on a single scheduling cell.

@NTT DOCOMO:
The legacy DCI formats can be configured up to gNB. As mentioned above, DCI format 0-0/1-0 can’t be configured for a SCell for CCS. It is up to NW configuration to decide which DCI format to use

@Ericsson:
Yes, it may be not necessary to configure all non-fallback DCIs. It is up to NW configuration to decide which DCI format to use. Let me update the proposal focusing on 4 non-fallback DCIs.

@China Telecom:
On P2-4, in the example, I mean DCI is transmitted on Pcell for scheduling PCell, SCells. For your question, for cross-carrier scheduling, only legacy non-fallback DCIs with CIF field can be used.

@Qualcomm:
Yes, I understand your concern. It is not necessary to stop this discussion until the conclusion of BD/CCE is made. Anyway, the discussion can be started in parallel at least for collecting other companies’ views.
Regarding your second comment, yes, Rel-17 support sSCell scheduling PCell. But there is only PCell which can be configured with two scheduling cell, i.e., itself and sSCell. 
Since we have only 1 TU in Q4 before completing the MC scheduling, only essential issues can be considered now.

@All: I made some update on the proposal below. Please continue to make inputs. 
(Merged)Proposal 2-3 and 2-4rev1:
· Confirm below working assumption reached in RAN1#110 meeting.
For a all cells within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s)  0_1/1_1/0_2/1_2 from a same scheduling cell. 
· The DCI format 0_X/1_X and the legacy DCI format(s)  0_1/1_1/0_2/1_2 can be monitored simultaneously up to network configuration. 
· FFS: whether monitoring of the DCI format 0_X/1_X and the legacy DCI format(s) is supported for one, a subset, or all cells within the set of cells. 
· FFS: number of different DCI sizes for 0_X/1_X and for legacy DCI formats
· FFS: whether to support a subset or all legacy DCI format(s) to be monitored with DCI 0_X/1_X


	Nokia / NSB
	Fine with the update. 
Just to check, the limitation to 0_1/1_1/0_2/1_2 applies to USS only, PCell can still be scheduled with fallback DCI formats from CSS still – right?

	Apple
	Fine with the updated/merged moderator’s proposal

	Qualcomm
	We are not OK with the latest proposal. 
· Mandating monitoring DCI 0_X/1_X for a CC-set and legacy DCI formats for each of all the CC-set may require UE to support larger BD/CCE numbers for each scheduled CC. Unless we see how BD/CCE is counted and how we set BD/CCE budget, we cannot agree this way.
· We raised a question what is the use-case of letting UE to monitor such many DCI formats for each of many scheduled CCs. If this is agreed, DCI size alignment will be quite complicated and moreover, we need various optional UE capabilities (we do not want to mandate this support for all the UEs supporting multi-cell scheduling). This is also related to DCI-size budget issue.  
Please see our further reply to Proposal 2-7 update.

	Moderator3
	@Nokia:
Yes, you are right.

@Qualcomm:
This proposal doesn’t mandate monitoring DCI 0_X/1_X for a CC-set and legacy DCI formats for each of all the CC-set. The intention of the proposal is to support monitoring DCI 0_X/1_X for a CC-set and legacy DCI formats for each of all the CC-set. It depends on gNB configuration. 
Yes, we can conclude BD/CCE counting firstly then confirm this WA to address your concern.
Secondly, this proposal does not mandate monitoring the DCI format 0_X/1_X and all DCI format 0_1/1_1/0_2/1_2 from a same scheduling cell. The intention is to support monitoring the DCI format 0_X/1_X and all DCI format 0_1/1_1/0_2/1_2 from a same scheduling cell. I agree with you there is no need to let UE monitoring all legacy DCI formats for each of co-scheduled CCs. It is totally up to gNB configuration. I agree with you that the DCI size budget and BD/CCE budget should be maintained as legacy. 
To address your concern, can we add a note below the proposal:
Note: This does not imply mandating UE to monitor DCI format 0_X/1_X and all of DCI format 0_1/1_1/0_2/1_2 for each cell of the set of cells.


	Intel
	We are fine with the updated proposal.

	Qualcomm
	Response to moderator:
We do not see the difference between “mandate monitoring DCI 0_X/1_X for a CC-set and legacy DCI formats for each of all the CC-set” and “support monitoring DCI 0_X/1_X for a CC-set and legacy DCI formats for each of all the CC-set”, if it is “totally up to gNB configuration”.
Our best compromise is to accept this as an advanced/optional functionality once we see further details of basics of BD/CCE budget/counting and DCI-size budget/counting. This is why we recommend to start with BD/CCE aspects to begin with.


	LGE2
	In principle, we are fine with (Merged)Proposal 2-3 and 2-4rev1.
For clarity, suggest some modification as follows
(Merged)Proposal 2-3 and 2-4rev1:
· Confirm below working assumption reached in RAN1#110 meeting.
For a any cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s)  0_1/1_1/0_2/1_2, if configured from a same scheduling cell. 
· The DCI format 0_X/1_X and the legacy DCI format(s)  0_1/1_1/0_2/1_2, if configured can be monitored simultaneously up to network configuration. 
· FFS: whether monitoring of the DCI format 0_X/1_X and the legacy DCI format(s) is supported for one, a subset, or all cells within the set of cells. 
· FFS: number of different DCI sizes for 0_X/1_X and for legacy DCI formats
· FFS: whether to support a subset or all legacy DCI format(s) to be monitored with DCI 0_X/1_X



	Vivo2
	· The DCI format 0_X/1_X and the legacy DCI format(s)  0_1/1_1/0_2/1_2 can be monitored simultaneously up to network configuration. 
Thanks for the update, but this bullet is not clear. ‘can monitor’ seems to depend on UE capability, which may not be up to NW configuration, maybe we can revise the wording as:
· it is up to Network to configure DCI format 0_X/1_X and the legacy DCI format(s)  0_1/1_1/0_2/1_2 can be monitored for monitoring simultaneously for a cell 

	Moderator4
	@vivo:
With the addition of “if configured” in (Merged)Proposal 2-3 and 2-4rev1, I think it implies up to NW configuration.


	Samsung2
	Support the merged proposal in principle. 
Not sure if DCI formats 0_0/1_0 were omitted by mistake. If not, we would like to understand the reason, especially for the PCell. 

	Langbo
	As clarified by FL, not all of DCI format 0_1/1_1/0_2/1_2 need be configured by network. This should be clarified in the proposal.  We  also think the network should have the flexibility to not configure any legacy DCI format. Our suggested revision as:
· It is up to the network to configure whether The DCI format 0_X/1_X and one of the DCI format 0_1/1_1/0_2/1_2 can be monitored simultaneously and which combination of  DCI format 0_1/1_1/0_2/1_2  is monitored simultaneouslyup to network configuration. 


	NTT DOCOMO2
	Thank FL for the reply and updates. We are fine that the legacy DCI format(s) which is(are) monitored with DCI format 0_X/1_X is up to NW configuration. 
In our understanding for the current proposal, all or subset of DCI format 0_1/1_1/0_2/1_2 can be configured to be monitored with 0_X/1_X but 0_0/1_0 cannot be configured for USS. On top of that, now it can be discussed further whether/how to maintain the current DCI size budget. We think that this discussion has a dependency on the discussion for DCI size alignment and BD/CCE counting, so we are also fine to agree on this proposal as WA for now.

	Fujitsu
	We are fine with the updates from LGE.

	Qualcomm
	We are not OK with the proposal due to the reason we already shared above. “Up to network configuration” implicitly mandate all UEs supporting MC-scheduling to support this. 

	Moderator5
	@LG:
Your update is fine with me.

@Samsung:
One note is added to cover self-scheduling on PCell via fallback DCI.

@QC:
Can we add a note like “UE is not mandated to support monitoring DCI 0_X/1_X for a set of cells and legacy DCI formats for each of the set of cells” to address your concern?

(Merged)Proposal 2-3 and 2-4rev2:
· Confirm below working assumption reached in RAN1#110 meeting.
For a any cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s)  0_1/1_1/0_2/1_2 if configured, from a same scheduling cell. 
· The DCI format 0_X/1_X and the legacy DCI format(s)  0_1/1_1/0_2/1_2 can be monitored simultaneously up to network configuration. 
· FFS: whether monitoring of the DCI format 0_X/1_X and the legacy DCI format(s) is supported for one, a subset, or all cells within the set of cells. 
· FFS: number of different DCI sizes for 0_X/1_X and for legacy DCI formats
· FFS: whether to support a subset or all legacy DCI format(s) to be monitored with DCI 0_X/1_X
· Note: DCI format 0_0/1_0 can be configured on PCell for self-scheduling if PCell is the scheduling cell.
· Note: UE is not mandated to support monitoring DCI 0_X/1_X for a set of cells and legacy DCI formats for each of the set of cells






Search space configuration
	Huawei:
· Proposal 10: Support Alt 2 or Alt 3 that search space of the DCI format 0_X/1_X can be configured on one cell or a subset of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
· Proposal 11: Support Alt 1 that the n_CI (or n_MI) in the search space equation is determined by a value configured for the set of cells.

ZTE:
· Proposal 7: MC-DCI used for scheduling a group of configured co-scheduled cells can be transmitted and detected in a USS of a scheduled cell if the scheduled cell is configured within the group of co-scheduled cells.

Spreadtrum:
· Proposal 3: Search space of the DCI format 0_X/1_X is configured on a subset of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
· Proposal 4: For monitoring PDCCH candidates for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, the n_CI in the search space equation is determined by a value configured for one or more combinations of co-scheduled cells within the set of cells.
· Proposal 5: The DCI size should be same for the CCE indexes of PDCCH candidates obtained by one CIF value.

Vivo:
· [bookmark: _Ref111223699]Proposal 9. For multi-cell scheduling, SS linkage between scheduling cell and scheduled cell is built in the same way as cross-carrier scheduling.
· [bookmark: _Ref115451696]Proposal 10. Clarify whether it is allowed to transmit/receive multiple mc-DCIs scheduling different sets of co-scheduled cells in a same monitoring occasion.

OPPO:
· Proposal 8: PDCCH monitoring capability and DCI size could be counted based on the search space set configuration. Alt 3 and Alt 4 can be considered for the search space set configuration.
· Proposal 10: the n_CI in the search space equation is determined by a value of CIF value of the cell or cell set which is configured with the search space sets for DCI format 0_X/1_X.

CATT:
· Proposal 6: For multi-cell scheduling, the   in the search space equation is determined by a value X configured for the set of cells co-scheduled by DCI format 0_X/1_X.
· Proposal 7: For multi-cell scheduling, search space set(s) can be configured for one or more scheduled cells within a set of cells which can be co-scheduled by DCI format 0_X/1_X, and associated with the search space set on the scheduling cell with the same search space ID.

Langbo:
· Proposal 6: Search space of the DCI format 0_X/1_X is configured for each cell of the set of cells which can be co-scheduled and is associated with the search space for the scheduling cell with the same search space ID (i.e., Alt 1).
· Proposal 7: A same number of candidates is configured for all the search spaces for the co-scheduled cells with the same search space ID.
· Proposal 8: For a set of cells that can be potentially co-scheduled by a DCI format 0_X/1_X, the n_CI in the search space equation for each cell combination in the set of cells is determined by a same value configured for the set of cells.

Fujitsu:
· Proposal 4: For determining PDCCH candidates for multi-cell scheduling, consider the following 2 options. Option 1 is slightly preferred because it is similar to the method for legacy cross-carrier scheduling.
· Option 1: the value of  and the number of PDCCH candidates per AL is per combination of scheduled cells 
· the value of  is equal to the value of the indicator in DCI format 0_X/1_X for indicating scheduled cells.
· Option 2: the value of  and the number of PDCCH candidates per AL is per set of cells that can be scheduled by the DCI format 0_X/1_X
· The set of cells includes all cells in the table defining combinations of scheduled cells.

Intel:
· Proposal 12: Search space set of the DCI format 0_X/1_X is configured on each cell of the set of cells that can be scheduled by the DCI format 0_X/1_X and associated with the search space set on the scheduling cell with the same search space ID
· Only parameter nrofCandidates is included in the search space set configuration for a scheduled cell
· The mapped CCE index is determined by  respectively configured for each cell the set of cells

Xiaomi:
· Proposal 5: The  in the search space equation is determined by a value configured for each combination of co-scheduled cells within the set of cells.
· 
Proposal 6:  The nrofCandidates configured on each of the co-scheduled cells associated with one should be identical.
· Proposal 7: The CIF values () for single cell scheduling and multi-cell scheduling should be different to reduce the PDCCH blocking probability.

Lenovo:
· Proposal 23: It is up to gNB to configure search space for DCI format 0_X/1_X on one or multiple cells within a set of cells that can be co-scheduled by the DCI format 0_X/1_X.
· Proposal 27: A single value is configured as n_CI for a set of cells which can be co-scheduled by DCI format 0_X/1_X .

CMCC:
· Proposal 5. The search space of DCI format 0_X/1_X can be configured on each cell of the set of co-scheduled cells and associated with the search space on scheduling cell with the same search space ID.
· Proposal 6. The same  for calculating CCE indexes of PDCCH candidates can be configured for several combinations of co-scheduled cells within the set of configured cells.

FGI:
· Proposal 7: For search space configuration for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, search space of the DCI format 0_X/1_X is configured on each cell of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
· Proposal 8: The n_CI in the search space equation is determined by a value configured for one or more combinations of co-scheduled cells within the set of cells.

LG:
· Proposal #8: Consider how to configure the search space for DCI format 0_X/1_X based on the following two options.
· Option 1: Configure the search space for DCI format 0_X/1_X separately from the legacy non-fallback DCI format.
· Option 2: Configure the search space for DCI format 0_X/1_X jointly with the legacy non-fallback DCI format.
· Proposal #9: Clarify the meaning of “a set of cells” in Proposal 2-8rev2 on the SS configuration for multi-cell scheduling in the FL summary in RAN1#110.
· Clarify whether it refers to the entire set of cells which can be scheduled by DCI format 0_X/1_X or a combination of co-scheduled cells by DCI format 0_X/1_X.
· Proposal #10: Alt 1 is preferred with assumption that “a set of cells” in Proposal 2-8rev2 is the entire set of cells which can be scheduled by DCI format 0_X/1_X.
· Proposal #11: Consider how to determine the number of PDCCH candidates for the SS on scheduling cell for multi-cell scheduling, based on following three options.
· Option 1: The number of PDCCH candidates for the scheduling cell for DCI format 0_X/1_X is the same as the number of PDCCH candidates configured for one of the scheduled cells which are linked to the scheduling cell.
· Option 2: The number of PDCCH candidates for the scheduling cell for DCI format 0_X/1_X is determined as the sum of those configured for all scheduled cells which are linked to the scheduling cell.
· Option 3: The number of PDCCH candidates for the scheduling cell for DCI format 0_X/1_X is determined as the mean value of those configured for all scheduled cells which are linked to the scheduling cell.
· Proposal #12: Consider Alt 1 or Alt 2 according to SS set configuration for the scheduling cell (i.e., whether it is based on the entire set of scheduled cells or each combination of co-scheduled cells).

MTK:
· [bookmark: OLE_LINK251][bookmark: OLE_LINK256]Proposal 10: Use the CCE index formula in 38.213 10.1 to stagger the DCI with different set of scheduled cells, where nCI is replaced by the set index where one set contains a group of cells. One example is shown below:
	Scheduled cells combination for one multi-cell scheduling DCI
	Which cell to count the corresponding DCI size and BD/CCE
	nCI (set index)

	Cell 1, Cell 2, Cell 3, Cell 4
	Cell 1
	0

	Cell 2, Cell 3
	Cell 2
	1

	Cell 2, Cell 3, Cell 4
	Cell 3
	2

	Cell 1, Cell 3
	Cell 3
	3



Apple:
· Proposal 6: For search space configuration for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support configuration of search space of the DCI format 0_X/1_X on the scheduling cell and linked with the set of cells configured by explicit RRC signaling
· Proposal 7: For monitoring PDCCH candidates for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, the n_CI in the search space equation is determined by a value configured for the set of cells if different DCI sizes are not supported for different number of co-scheduled cells

Samsung：
· Proposal 11: The UE determines PDCCH monitoring according to a search space set for a set of co-scheduled cells based on multi-cell extension of the Rel-17 search space linking procedure (Alt-1) or based on RRC configuration of the linking (Alt-4).
· Proposal 12: For determining CCEs corresponding to PDCCH candidates for detection of an MC-DCI format:
· The UE sets the  in the search space equation to be the cell-set-level CIF value, that is separately provided for each configured/schedulable set of cells.

Ericsson:
· [bookmark: _Toc115448707][bookmark: _Toc115419436][bookmark: _Toc111209446]Proposal 8: Linked search space mechanism is reused for mc-DCI search space configuration. 
· [bookmark: _Toc115448708][bookmark: _Toc115419437]For each group of cells configured to be scheduled by a mc-DCI format, the linked search space on the “scheduled cell” (i.e. containing only BD/CCE info and linked search space ID) is configured on one of the cells in the group. 
· [bookmark: _Toc115448709][bookmark: _Toc115419438]Proposal 9: For monitoring DCI 0_X/1_X PDCCH candidates for a set of cells, the n_CI to be used in the search space equation is explicitly configured for the set of cells.

NTT DOCOMO:
· Proposal 13: RAN1 should discuss search space configuration for a set of cells which can be co-scheduled by a DCI format 0_X/1_X based on the following alternatives;
· Alt 1: Search space of the DCI format 0_X/1_X is configured on one cell
· Alt 1-1: Search space of the DCI format 0_X/1_X is configured only on the scheduling cell and linked with the set of cells configured by explicit RRC signaling.
· Alt 1-2: Search space of the DCI format 0_X/1_X is configured on one cell of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
· Alt 2: Search space of the DCI format 0_X/1_X is configured on more than one cell
· Alt 2-1: Search space of the DCI format 0_X/1_X is configured on each cell of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
· Alt 2-2: Search space of the DCI format 0_X/1_X is configured on each combination of actually co-scheduled cells and associated with the search space on the scheduling cell with the same search space ID.
· Proposal 14: For monitoring PDCCH candidates for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, the n_CI in the search space equation is determined by a value configured for each combination of co-scheduled cells within the set of cells.

Qualcomm:
· Proposal 1:
· Re-use CIF/nCI framework
· Multiple cells can be mapped to a CIF/nCI value of a DCI format monitored on a scheduling cell
· The DCI may schedule data on one, some, or all of the cells mapped to the CIF/nCI value
Google:
· Proposal 1: For search space configuration for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, search space of the DCI format 0_X/1_X is configured on each cell of the set of cells and associated with the search space on the scheduling cell with the same search space ID. (Alt-1)
· Proposal 2: The parameter n_CI in the search space equation is determined by a RRC configured value associated with the carrier indicator field in the DCI format. The association between the RRC configured value and the carrier indicator field can be determined in different discussion.

Nokia:
· Proposal 3.5.1: For search space configuration for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, adopt Alt. 4, i.e. 
· Alt 4: Search space of the DCI format 0_X/1_X is configured only on the scheduling cell and linked with the set of cells configured by explicit RRC signaling.
· Proposal 3.5.2: For monitoring PDCCH candidates for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, adopt Alt. 1, i.e. 
· Alt 1: the n_CI in the search space equation is determined by a value configured for the set of cells.





Moderator summary and proposals based on contributions

· On search space configuration for monitoring DCI format 0_X/1_X 
[bookmark: _Hlk115341142]According to the framework of search space configuration for legacy cross-carrier scheduling, the corresponding search space set is separately configured for each scheduled cell with the necessary information of search space ID, the number of PDCCH candidate and corresponding aggregation level for cross-carrier scheduling. Search space set linking is adopted for a UE to monitor PDCCH for a scheduled cell in a search space configured on the scheduling cell with same search space set ID. Based on search space linking, for cross-carrier scheduling, the UE monitors the PDCCH candidates on the scheduling cell according to the search space configuration on the corresponding scheduled cell.
For Rel-18 multi-cell scheduling, since the multi-cell scheduling DCI can schedule multiple cells, one issue needs to be discussed is whether the search space set configuration on the number of PDCCH candidates per aggregation level is configured for each co-scheduled cell, a subset of co-scheduled cells or a single scheduled cell of the co-scheduled cells. 
For RAN1#110 meeting, this issue has been extensively discussed with below proposal captured in FL summary#6.
	Proposal 2-8rev2:
· For search space configuration for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, below options are considered for further study: 
· Alt 1: Search space of the DCI format 0_X/1_X is configured on each cell of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
· Alt 2: Search space of the DCI format 0_X/1_X is configured on a subset of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
· Alt 3: Search space of the DCI format 0_X/1_X is configured on one cell of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
· Alt 4: Search space of the DCI format 0_X/1_X is configured only on the scheduling cell and linked with the set of cells configured by explicit RRC signaling.
· Other alternatives are not precluded.




For RAN1#110bis meeting, a lot of companies express their views on this issue. The main options include configuring the search space for multi-cell scheduling on each of co-scheduled cells, a subset of co-scheduled cells, a single cell of the co-scheduled cells, or even only on scheduling cell. Companies’ views are summarized as below:
· Alt 1:
· Supported by: Langbo, Intel, CMCC, FGI, LG, Samsung, NTT DOCOMO, Google
· Alt 2:
· Supported by: Huawei, Spreadtrum, CATT, Lenovo
· Alt 3:
· Supported by: Huawei, OPPO, CATT, Lenovo, Ericsson, NTT DOCOMO
· Alt 4:
· Supported by: OPPO, Apple, Samsung, NTT DOCOMO, Nokia

Firstly, the legacy search space linkage should be followed when designing the search space configuration for multi-cell scheduling DCI. Secondly, it should be up to gNB to configure which cells within the set of cells that can be co-scheduled by DCI format 0_X/1_X are configured with search space for DCI format 0_X/1_X. It could be a single cell, a subset or all cells within the set of cells, dependent on gNB configuration so as to give full flexibility to gNB.
To avoid further discussion on the criteria of cell selection for search space configuration, moderator tries to merge Alt 1/2/3 and leave it to gNB configuration. The corresponding proposal is provided in Proposal 2-5.


· On n_CI value determination for monitoring DCI format 0_X/1_X 
A second issue is about determining the CCEs for monitoring the multi-cell scheduling DCI. In legacy cross-carrier scheduling, for a scheduled cell, the CCEs for each configured aggregation level of PDCCH candidates are determined based on below equation, where  is the CIF value configured by CrossCarrierSchedulingConfig.
[image: ]
For Rel-18 multi-cell scheduling, one issue is how to determine the value of n_CI for co-scheduled cells. Several options are provided, e.g., the n_CI is determined by a value configured for the co-scheduled cells, the n_CI is determined for each combination of co-scheduled cells. 
For RAN1#110 meeting, this issue has been extensively discussed with below proposal captured in FL summary#6.
	Proposal 2-9:
· For monitoring PDCCH candidates for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, below alternatives are considered for further study: 
· Alt 1: the n_CI in the search space equation is determined by a value configured for the set of cells. 
· Alt 2: the n_CI in the search space equation is determined by a value configured for each combination of co-scheduled cells within the set of cells.
· Alt 3: the n_CI in the search space equation is determined by a value configured for one or more combinations of co-scheduled cells within the set of cells.
· Other alternatives are not precluded.



For RAN1#110bis meeting, a lot of companies express their views on this issue. Companies’ views are summarized as below:
· Alt 1: 
· Supported by Huawei, OPPO, CATT, Langbo, Fujitsu, Lenovo, LG, Apple, Samsung, Nokia 
· Alt 2: 
· Supported by Fujitsu, xiaomi, MediaTek, Samsung, NTT DOCOMO
· Alt 3: 
· Supported by Spreadtrum, CMCC, FGI

Firstly, before decoding DCI format 0_X/1_X, UE can’t know which cell combination is scheduled. Correspondingly, for Alt 2, if the n_CI is determined by a value configured for each combination of co-scheduled cells within the set of cells, it will lead to different CCE indices of PDCCH candidates for monitoring DCI format 0_X/1_X. Similar problem happens for Alt 3 if multiple values are configured for multiple combinations of co-scheduled cells within the set of cells. Alt 1 is straightforward to configure a single value for the entire set of co-schedulable cells so that there is only one CCE index for monitoring DCI format 0_X/1_X. Upon detection of the DCI format 0_X/1_X, UE can know which cells are scheduled by checking the indicator of co-scheduled cells. 
Hence, moderator intends to go with Alt 1 for the first round of discussions. The corresponding proposal is provided in Proposal 2-6.



1st round of discussions

[bookmark: OLE_LINK442]Proposal 2-5:
· For a set of cells which is configured for multi-cell scheduling, search space of DCI format 0_X/1_X can be configured on one, a subset, or all cells of the set of cells and associated with the search space on the scheduling cell with the same search space ID: 
· Note: It is up to gNB to determine which cell(s) of the set of cells the search space of the DCI format 0_X/1_X is configured on.

Companies are encouraged to provide comments in the table below.
	Company
	Comment

	MTK
	We support Alt 2 but can live with Alt 1 (Proposal 2-5).

	Qualcomm
	We are not OK with the proposal.
It is not clear to us what will be the total number of BDs/CCEs for DCI 0_X/1_X for a given set of scheduled CCs if it is configured to be monitored on various search space sets associated to multiple scheduled CCs. 

Suppose a UE monitors DCI 0_X/1_X on CC 0 for CCs {1, 2, 3, 4}. Suppose monitoring DCI 0_X/1_X on CC 0 is configured on search space sets associated to all of the CCs {1, 2, 3, 4}. Suppose the scheduling CC uses SCS 30kHz, in which case per-CC BD budget is 36 per slot. the UE monitors DCI 0_X/1_X on various SS sets on CC 0. 
· Whether the total number of BDs for the DCI 0_X/1_X for CCs {1, 2, 3, 4} across all the search space sets on CC 0 is capped by 36 or not?
Our answer is yes, at least for basic MC-scheduling. Same for CCE budget and DCI-size budget. Although we are open to discuss advanced case, we would like to clarify the basic case first. We are not sure how Proposal 2-5 can work with per-scheduled-CC BD/CCE budget.

Please see our response to Proposal 2-4 above as well.


	Nokia, NSB
	Clarification on the proposal appreciated: 
What is proposed here is a mix of Alt. 1, 2 & 3. So what should the UE expect here? If it can be only configured on one cell (Alt. 3) why would the gNB in addition configure any other cells (a subset or all cells) on top? Having exactly the same DCI (size, n_CI etc.) and the DCI content defining the scheduled cells, also the same number of PDCCH candidates would be needed there. So the proposed flexibility here is unclear to use.  

	Apple
	We tend to agree with Nokia that if one cell is configured with the search space configuration for DCI format 0_X/1_X, then we don’t see the motivation to have additional cell(s) configured with the search space configuration for DCI format 0_X/1_X. From this point of view, only one cell configured with search space configuration for DCI format 0_X/1_X is reasonable option. Furthermore, that one cell can be the scheduling cell

	Langbo
	 In our view, the simplest way is to fully reuse existing design, i.e., search space is configured per scheduled cell, and gNB guarantees that the numbers of candidates per AL in all configured search spaces that linked to a search space configured with DCI format 0_X/1_X are the same. In this way, no new signalling design in scheduling cell is needed and no ambiguity on the determination of maximum number of candidates in the search space formula.

	Huawei, HiSilicon
	Generally OK however, we agree with QC that this may be related to the BD budget.
On the other hand, we also share the feeling that such flexibility of allowing all cases to network might be unclear, while it is clear that if at least one cell can be configured with the search space configurations, the SS function works and even RRC configurations may be reduced compared to configuring to each cell. And in this case, the BD/CCE distribution is also clear. So we still have a slight preference to at least support one cell case. We can further discuss other cases -  subset, or each.

	Intel
	We are not OK with the proposal. Alt 1, i.e., reusing the legacy behaviour, provides the largest flexibility too. For example, gNB may configure a SearchSpaceID for single-cell scheduling on PCell, while Alt 1 can be still used to link this SearchSpaceID for DCI 0-X/1-X. 

	ZTE
	The configuration is up to gNB implementation. This can bring sufficient flexibility for search space configuration. We support this proposal in principle. Based on the current search space linkage, DCI formats in the USS for scheduled cell will not be configured. We suggest the following modification.
Proposal 2-5(update):
· For a set of cells which is configured for multi-cell scheduling, search space of DCI format 0_X/1_X can be configured on one, a subset, or all cells of the set of cells and associated with the search space on the scheduling cell with the same search space ID and configured with DCI format 0_X/1_X : 
· Note: It is up to gNB to determine which cell(s) of the set of cells the search space of the DCI format 0_X/1_X is configured on.

	Moderator
	@Qualcomm:
The BD/CCE issues can be discussed in next sub-section.

@Nokia @Apple:
The intention of this proposal is to leave to gNB to determine which cell(s) of the set of cells the search space of the DCI format 0_X/1_X is configured on as there is no clear majority view on Alt 1/2/3. So I try to merge three alternatives into one proposal.
From UE’s point of view, it just follows gNB’s configuration for DCI monitoring. As mentioned by some companies, if SS is only configured on one scheduled cell, when the cell is deactivated or DRX off, then multi-cell scheduling can’t work. Configuring SS on more than one cell seems reasonable.

@Langbo @Intel:
Since one DCI format 0_X/1_X can schedule multiple cells, it is no need to configure same SS configurations on all the scheduled cells. A subset of cells is sufficient. The existing design is followed.

@Huawei:
As mentioned by some companies, if SS is only configured on one scheduled cell, when the cell is deactivated or DRX off, then multi-cell scheduling can’t work. Configuring SS on more than one cell seems reasonable.
If majority companies think one cell is enough, we can go directly with it.

@ZTE:
I think no need to add it again as mentioned in the beginning. 


	CMCC
	We prefer Alt 1,  configuring the search space of DCI format 0_X/1_X on each co-scheduled cell can provide more scheduling flexibility.
In our views, the scheduled cells are unknown to the UE before monitoring DCI, extra RRC signalling will be required for Alt 2 and Alt 3. 

	New H3C
	We are fine with this proposal in general

	Fujitsu
	We are generally OK with the proposal. 
However, for the case when gNB configures search space on multiple cells, we suggest to clarifying in the proposal that the number of PDCCH candidates per AL configured in each cell is the same. Otherwise, we may need to further discuss which configured number should be used in case of different numbers, which is not expected. 

	CATT
	We support proposal 2-5. 
Taking Qualcomm’s assumption as an example, we would like to share our view on how proposal 2-5 works with per-scheduled CC BD/CCE budget.  
Suppose a UE monitors DCI 0_X/1_X on CC 0 for CCs {1, 2, 3, 4}. Suppose monitoring DCI 0_X/1_X on CC 0 is configured on search space sets associated to all of the CCs {1, 2, 3, 4}. Suppose the scheduling CC uses SCS 30kHz, in which case per-CC BD budget is 36 per slot. The UE monitors DCI 0_X/1_X on various SS sets on CC 0. 
· The total number of BDs for the DCI 0_X/1_X for CCs {1, 2, 3, 4} across all the search space sets on CC 0 is capped by 
· For each scheduled cell, the number of BDs for DCI format 0_X/1_X is capped by 36.
Because the number of scheduled cell associated with scheduling cell is 4, the total number of BDs for the DCI format 0_X/1_X across a set of scheduled cells should be calculated based on 4 scheduled cells.

Regarding search space (SS) of DCI format 0_X/1_X, it is up to gNB to determine how to configure search space configuration across a set of scheduled cells. If gNB configures SS of DCI format 0_X/1_X on only one scheduled cell (i.e. CC1), the associated BDs will be counted this scheduled cell CC1. If the gNB configures SS of DCI format 0_X/1_X on CC1 and CC2, the BDs configured on CC1 will be counted to CC1, the BDs configured on CC2 will be counted to CC2.
In this way, it can provide gNB flexibly to configure/indicate the BDs of DCI format 0_X/1_X across a set of scheduled cells.




	vivo
	The wording ‘a set of cells which is configured for multi-cell scheduling’ needs clarification. Is it referring to the original wording ‘a set of cells which can be co-scheduled by a DCI format 0_X/1_X’ in Proposal 2-9 in last meeting or to a combination of cells scheduled by a mc-DCI? It has been clarified in the last meeting that the original wording refers to all the cells involved in mc-scheduling(or in other words, the entire cell scheduled cells involved in the RRC table discussed in Proposal 3-5). The original alt1 means that same SS(s) of DCI format 0_X/1_X will be configured for all co-scheduled cell combinations. If the wording still refers to the same meaning as ‘a set of cells which can be co-scheduled by a DCI format 0_X/1_X’, we suggest to align the wording with the previous agreement and proposal. 
Besides, the current proposal is a mix of Alt. 1, 2 and 3, if BD/CCE is anyway counted on a predefined scheduled cell, it does not matter whether linkage is built on one cell or multiple cells or each cell, we don’t see a clear benefit to allow such flexibility.

	LGE
	We can understand the intention of the FL proposal, but, with the proposed gNB’s configurations, it is not clear to us what the number of PDCCH candidates on the scheduling cell is. As FL commented above, the legacy search space linkage should be followed when designing the search space configuration for multi-cell scheduling DCI. In this case, the number of PDCCH candidates on the scheduling cell should be from the configured value(s) for the scheduled cell(s). So, the most important thing to discuss here is how to determine the number of PDCCH candidates on the scheduling cell. Suppose the gNB configures a SS of DCI 0_X/1_X for only one of co-scheduled cells, the corresponding number of PDCCH candidates on the scheduling cell can be determined by the SS configured for the scheduled cell. However, if the gNB configures SSs for each co-scheduled cell, how to determine the number of PDCCH candidates on scheduling cell can be an another issue. In this perspective, we don’t see the necessity of giving such full flexibility to gNB.
Simply, a SS can be configured for one of co-scheduled cells and is linked with a SS on the corresponding scheduling cell. Alternatively, SS can be configured for each co-scheduled cell (with linkage) while the number of PDCCH candidates on the scheduling cell can be determined as the sum of values in the configured SS on each co-scheduled cell.
One more thing to clarify is whether “a set of cells” in the proposal means the entire set of cells which can be scheduled by DCI 0_X/1_X. In our view, with interpretation of “a set of cells” in Proposal 2-5 as the entire set, SS configuration on each cell of all the set of entire cells can be well matched to Proposal 2-6.

	Samsung
	The purpose of search space linking is for the UE to identify search space sets on the scheduling cell for monitoring PDCCH candidates for a scheduled cell. Any benefit from merging Alt1/2/3 need to be determined and compared against a corresponding complexity. The direct solution of using explicit RRC configuration (Alt-4) is clean and avoids all unnecessary complications. 

	Spreadtrum
	Actually, we also think the SS can be configured on one/subset/all scheduled cells, but not with same configuration/CIF values. If SS are configured on more than one cells, the CIF can be different to have different CCE indexes for PDCCH candidates. 


For a set of cells {CC1, CC2, CC3, CC4}, co-scheduled cell combinations include {CC1, CC2} and {CC3, CC4}. For the first combination, it uses the CCE indexes determined by CIF=0, while CIF=1 for the second. Since the CCE indexes and BDs are separate for those CIF related search space set, it can be configured on more than one cells.

	NTT DOCOMO
	We understand that it is up to gNB whether the search space of DCI format 0_X/1_X can be configured on one, a subset, or all cell(s) of the set of cells and we are fine to support this proposal.

	Ericsson1
	Not OK. 
This seems unnecessarily complex. What extra functionality (e.g. more BDs/CCEs/scheduling) is achieved by having all alternatives in spec rather than selecting one alternative, e.g. Alt 1?
· Alt 1: SS configured on one cell of the set of cells
· Alt 2: SS configured on a subset of cells
· Alt 3: SS configured on all cells of the set

	Qualcomm
	Following CATT’s statement is exactly what we have a concern.
Suppose a UE monitors DCI 0_X/1_X on CC 0 for CCs {1, 2, 3, 4}. Suppose monitoring DCI 0_X/1_X on CC 0 is configured on search space sets associated to all of the CCs {1, 2, 3, 4}. Suppose the scheduling CC uses SCS 30kHz, in which case per-CC BD budget is 36 per slot. The UE monitors DCI 0_X/1_X on various SS sets on CC 0. 
· The total number of BDs for the DCI 0_X/1_X for CCs {1, 2, 3, 4} across all the search space sets on CC 0 is capped by 
· For each scheduled cell, the number of BDs for DCI format 0_X/1_X is capped by 36.
Because the number of scheduled cell associated with scheduling cell is 4, the total number of BDs for the DCI format 0_X/1_X across a set of scheduled cells should be calculated based on 4 scheduled cells.

It is true that the UE anyway need to be able to monitor 144 BDs per slot in the above example. However, this does not mean that 144 BDs per slot have to be available for one scheduled CC. This requires same complexity increase as to support search space sharing.
In Rel-15, more than 36 BDs are available for a scheduled CC only if the UE supports search space sharing (for DL and/or UL), which is based an optional UE capability. For example, if there are 36 BDs for each scheduled CC and if the UE supports search space sharing and if all conditions are met, the DCI for a scheduled CC can be transmitted on any of the 144 candidates. Same as this, we would like to emphasize that, at least a basic UE is allowed to process up to 36 BDs per slot for a grant for a scheduled CC in the above example.

In principle, the feature should be beneficial for both NW and UE. The CATT’s proposal above is beneficial for NW but not for UE. From UE point of view, there is no benefit/incentive to support MC-scheduling in this case.


	Apple2
	Thanks, moderator, for the clarification. Based on the clarification, if configuring search space on just one cell have certain issues in case of DRX for that cell, as pointed out, then we can consider Alt 1 as well, if Alt 4 is not preferred by majority. This doesn’t have the issues pointed out for single cell configured with search space for DCI format 0_X/1_X. However, combining the three alternatives is still not justifiable and adds to unnecessary complexity/optimization 

	Moderator2
	@CMCC:
Yes, the scheduled cell is unknow before UE detects the DCI. Here, the proposal is just focused on which cell the search space of DCI format 0-X/1_X is configured on. It is different issue. 

@Fujitsu:
Understand your concern. Please check the updated proposal in 2nd round where I intend to focus on a single cell case first.

@vivo:
Yes, your understanding is correct. ‘a set of cells which is configured for multi-cell scheduling’ implies the entire set of cells.
As commented by one company in previous meeting, they think the original wording may be not quite clear since it may cover the case of a concrete scheduled cell combination because there is “co” used in the wording. So I changed it to “a set of cells which is configured for multi-cell scheduling”. With this clarification, is it OK to use the new wording?

@All: based on the inputs, let’s focus on one cell case first. Please kindly check the update as below.

Proposal 2-5rev:
· For a set of cells which is configured for multi-cell scheduling, search space of DCI format 0_X/1_X can be configured on at least one cell, a subset, or all cells of the set of cells and associated with the search space on the scheduling cell with the same search space ID: 
· Note: It is up to gNB to determine which cell(s) of the set of cells the search space of the DCI format 0_X/1_X is configured on.


	Nokia / NSB
	Thanks for the update. But the wording with the proposal may not be fully clear now as ‘at least one cell’ still includes all 3 cases (i) one cell, (ii) subset and (iii) all cells. 
If the intention is for now to agree for (i) one cell – and continue the discussion on (ii) subset and (iii) all cells, then it may be more correct to say: 

Proposal 2-5rev Mod:
· For a set of cells which is configured for multi-cell scheduling, search space of DCI format 0_X/1_X can be configured on at least one cell of the set of cells and associated with the search space on the scheduling cell with the same search space ID: 
· Note: It is up to gNB to determine which cell of the set of cells the search space of the DCI format 0_X/1_X is configured on.
· FFS: It the search space of DCI format 0_X/1_X can be in addition configured on a subset or all cells of the set of cells. 

	Apple
	In our view, we think companies have not good understanding on each of the alternatives now, and considering the limited time, we think that we should agree on the alternatives now and do not consider further alternatives anymore. On the proposal itself, we have two updates. First update is like what Nokia suggested i.e., to remove “at least” from the main bullet. Second update is related to which cell is the search space configured on. In our view, the most straightforward method is to use scheduling cell if it is one of the cell among the set of cells, otherwise, gNB can configure which cell. 
Proposal 2-5rev:
· For a set of cells which is configured for multi-cell scheduling, search space of DCI format 0_X/1_X can be configured on at least one cell, a subset, or all cells of the set of cells and associated with the search space on the scheduling cell with the same search space ID: 
· When scheduling cell is one of the cells of the set of cells, then scheduling cell is configured with the search space of DCI format 0_X/1_X
· Otherwise, Note: It it is up to gNB to determine which cell(s) of the set of cells the search space of the DCI format 0_X/1_X is configured on.


	Qualcomm
	Thanks, moderator, for accommodating our concern. The proposal is now much clear and better.

We are OK with the moderator’s direction. For now, we prefer to leave the consensus as a working assumption. The reason why we prefer to keep it as the WA is that this may relates to the other discussions such as nCI-to-cell-set association, how to count/cap BD/CCE numbers, etc. 

If companies want to consider possibility of more than one cell, we are also fine to have the FFS proposed by Nokia. Regarding Apple’s addition “When scheduling cell is one of the cells of the set of cells, then scheduling cell is configured with the search space of DCI format 0_X/1_X”, we agree the proposal is straightforward but not sure if this configuration restriction avoids UE complexity increase. In summary, we are OK with Nokia’s proposal as a working assumption.


	Moderator3
	@Nokia:
Thanks for the good comments. I captured in below update.

@Apple:
Since you are OK with a single cell case, I suggest FFS which cell of the set of cells the search space of the DCI format 0_X/1_X is configured on so that we can further determine whether this cell is a scheduling cell if the scheduling cell is included in the set of scheduled cells or one of scheduled cells.

@Qualcomm:
OK to put WA for this proposal and add FFS from Nokia.

Proposal 2-5rev2 (for working assumption):
· For a set of cells which is configured for multi-cell scheduling, search space of DCI format 0_X/1_X can be configured on one cell, a subset, or all cells of the set of cells and associated with the search space on the scheduling cell with the same search space ID: 
· Note: It is up to gNB to determineFFS: which cell(s) of the set of cells the search space of the DCI format 0_X/1_X is configured on.
· FFS: whether the search space of DCI format 0_X/1_X can be additionally configured on other cells of the set of cells.


	Intel
	We are fine with the updated proposal for working assumption. We prefer only one cell of the set of cells for search space of DCI format 0_X and 1_X

	CATT
	Thanks for the update.  If most of companies think it’s better to focus on ‘one cell’ case first, we are OK with the updated proposal in principle. We agree that it can up to gNB to determine which cell of the sets the search space of DCI format 0_X/1_X is configured on. This is the simplest method without requiring any additional signalling or spec impact.
In additional, for the case if SS is only configured on one scheduled cell, when the cell is deactivated or DRX off, then multi-cell scheduling can’t work. We agree to add a FFS as FL’s version.

Proposal 2-5rev (Modification): 
· For a set of cells which is configured for multi-cell scheduling, search space of DCI format 0_X/1_X can be configured on one cell of the set of cells and associated with the search space on the scheduling cell with the same search space ID: 
· Note: FFS: It is up to gNB to determine which cell of the set of cells the search space of the DCI format 0_X/1_X is configured on.
· FFS: whether the search space of DCI format 0_X/1_X can be additionally configured on other cells of the set of cells.


	LGE2
	We prefer the first revised version by FL as it is, i.e. Proposal 2-5rev, rather than other suggestions by companies.
Proposal 2-5rev:
· For a set of cells which is configured for multi-cell scheduling, search space of DCI format 0_X/1_X can be configured on at least one cell, a subset, or all cells of the set of cells and associated with the search space on the scheduling cell with the same search space ID: 
· Note: It is up to gNB to determine which cell(s) of the set of cells the search space of the DCI format 0_X/1_X is configured on.

We think this can be a good compromised version considering Alt 1/2/3/4 in “Proposal 2-8rev2” which is the last FL proposal in RAN1#110.

	Samsung2
	If Alt-4 is not preferred by majority, we prefer Alt-1 which is a direct extension of the Rel-17 search space linking framework. We also suggest to add an FFS point to further discuss the interaction with single-cell DCI formats.
Proposal 2-5rev2 (for working assumption):
· For a set of cells which is configured for multi-cell scheduling, search space of DCI format 0_X/1_X can be configured on one all cells, a subset, or all cells of the set of cells and associated with the search space on the scheduling cell with the same search space ID: 
· Note: It is up to gNB to determineFFS: which cell(s) of the set of cells the search space of the DCI format 0_X/1_X is configured on.
· FFS: whether the search space of DCI format 0_X/1_X can be additionally configured on other cells of the set of cells.
· FFS: whether the search space of DCI format 0_X/1_X can be configured to also monitor legacy single-cell scheduling DCI formats. 

@Apple: if search space set for DCI format 0_X/1_X is configured only on the scheduling cell (and there is no other IE present to indicate a set of co-scheduled cells – as in Alt-4), then all search space sets configured on the scheduling cell for monitoring DCI format 0_X/1_X will be associated with all sets of co-scheduled cells that include the scheduling cell as one of the co-scheduled cell – which does not seem to be an intended behaviour. The purpose of search space linking is to enable the gNB to select which search space set is associated with which set of co-scheduled cells.


	Langbo
	We also prefer the original version or the first revised version by FL and think this is a good compromise till now.

	ZTE
	[bookmark: _Hlk116482874]Do not support Proposal 2-5rev2 and support original version.
Based on Qualcomm reply to CATT, although the DCI for a scheduled CC can be transmitted on any of the 144 candidates, the maximum BD is still 36 per scheduled cell and no complexity increased. Due to the search space sharing in current spec of SC-DCI, the most important condition is that the DCI size of a DCI format for scheduling different cells are same. Then the DCI scheduling different cells can be differentiated by CIF value. And the BD/CCE counting is not increased for this case.
Now for the Rel-18 MC-DCI, the size of MC-DCI is a single value regardless of scheduling different sub-set of cells(e.g. cell#1&2, or cell#1&2&3) of a set of cells(e.g. cell#0&1&2&3). The MC-DCI can be sent in the USS configured on one or sub-set or all the set of cells. Furthermore, MC-DCI is used to schedule multiple scheduled cells, it is very restricted that search space of DCI format 0_X/1_X can be configured on one cell of the set of cells.

	NTT DOCOMO2
	We are fine with the updated proposal by moderator as working assumption. For the cell of the set of cells the search space of the DCI format 0_X/1_X is configured on, we are fine to keep it as FFS.

	Fujitsu
	It is not clear to us whether Alt 4 is allowed by the proposal.  
If we will only focus on Alt 1-3, could we say, “For a set of cells which can be scheduled by DCI format 0_X/1_X”?
Among Alt 1-3, we prefer Alt 1 and can accept Alt 3.

	MTK
	Similar view as QC, we are OK with Nokia’s proposal as a working assumption.
Apple’s addition “When scheduling cell is one of the cells of the set of cells, then scheduling cell is configured with the search space of DCI format 0_X/1_X” sounds interesting and can be further discussed/checked (ex. listed in FFS).

	CMCC
	We are not fine with the updated proposal. Alt 1 is a straightforward way, and we prefer at least to consider the original proposal 2-5.

	Moderator4
	@All: We don’t have sufficient TU and we need compromise. 
Original proposal can cover all the cases which I see a compromise. Let’s leave the detailed configuration to gNB.
Proposal 2-5:
· For a set of cells which is configured for multi-cell scheduling, search space of DCI format 0_X/1_X can be configured on one, a subset, or all cells of the set of cells and associated with the search space on the scheduling cell with the same search space ID: 
· Note: It is up to gNB to determine which cell(s) of the set of cells the search space of the DCI format 0_X/1_X is configured on.





[bookmark: OLE_LINK443]Proposal 2-6:
· For monitoring PDCCH candidates for a set of cells which is configured for multi-cell scheduling, the n_CI in the search space equation is determined by a value configured for the set of cells. 

Companies are encouraged to provide comments in the table below.
	Company
	Comment

	MTK
	We can live with Proposal 2-6.

	Qualcomm
	We support the proposal.

	Nokia, NSB
	Support

	Apple
	Support

	Langbo
	Support

	Huawei, HiSilicon
	Support

	ZTE
	Not support. In Proposal 2-5, the search space can be configured on one, a sub-set, or all the co-scheduled cells and associated with the search space configured in the scheduling cell. If n_CI is determined by a value configured for the set of cells, configuring search space on more than one scheduled cells is meaningless in case these search spaces have the same search space ID since the CCE index are obtained for these scheduled cells.  The other issue is how to determine the BC/CCE budget. In case the configured n_CI is not equal to any n_CI for the co-scheduled cell for legacy scheduling, which cell is the BD/CCE budget counted in?
In our understanding, the best way is to reuse the current mechanism. It is very simple. Since the search space of DCI format 0_X/1_X can be configured on one, a subset, or all cells of the set of cells and associated with the search space on the scheduling cell with the same search space ID, there is no additional issue for determine the CCE for the USS of a scheduled cell based on its CIF value, regardless of DCI formats. The updated proposal 2-6 is listed below.
Proposal 2-6(update):
For monitoring PDCCH candidates for a set of cells which is configured for multi-cell scheduling, the n_CI in the search space equation for each cell is determined by a CIF value configured for the set of each cell

	Moderator
	@ZTE:
As mentioned in above summary, if the n_CI is determined by a value configured for each cell or cell combination within the set of cells, it will lead to different CCE indices of PDCCH candidates for monitoring DCI format 0_X/1_X. 
Alt 1 is straightforward to configure a single value for the entire set of co-schedulable cells so that there is only one CCE index for monitoring DCI format 0_X/1_X. Upon detection of the DCI format 0_X/1_X, UE can know which cells are scheduled by checking the indicator of co-scheduled cells. 


	CMCC
	We support Alt 3. We don‘t see the issue that Alt 2/Alt 3 will cause different CCE indices of PDCCH candidates for monitoring DCI format 0_X/1_X. Compared with legacy one-to-one DCI scheduling, the total monitored PDCCH candidates in Alt 2 is the same for the scheduled cells. Furthermore, compared with Alt 2, Alt3 can reduce the monitored PDCCH candidates and CCE indices which are smaller than legacy one-to-one scheduling.
In addition, Alt 3 have other benefits:
1) Make use of CCE resources more efficiently to reduce the PDCCH blocking probability compared with Alt 1.
2) Reduce the co-scheduled cell indicator filed bit length, as the working assumption in Proposal 2-1, the maximum co-scheduled cells number is 4, and total X combinations may use at most 4 bits information. If one n_CI value can be determined for several combinations of cells, the co-scheduled cell indicator filed bit length can be reduced.
In a summary, Alt 3 is a balance between Alt 1 and Alt 2.

	New H3C
	Support

	Fujitsu
	Support

	CATT
	Support FL’s proposal. 

	Vivo
	Similar comments as P2-5
If ‘a set of cells which is configured for multi-cell scheduling’ refers to entire set of co-schedulable cell, we can accept the proposal and prefer to reuse the previous wording.

	LGE
	Conditionally support Proposal 2-6. Need to clarify the meaning of “a set of cells” in Proposal 2-5 and Proposal 2-6 assuming both proposals are based on the same meaning of “a set of cell”.
If “a set of cells” is the entire set of all cells which can be scheduled by DCI 0_X/1_X for both SS configurations (in Proposal 2-5) and n_CI determination (in Proposal 2-6), the above Proposal 2-6 is understood as Alt-1. 
On the other hand, if “a set of cells” means each combination of co-scheduled cells, for both SS configurations (in Proposal 2-5) and n_CI determination (in Proposal 2-6), the above Proposal 2-6 is understood as Alt-2.

	Samsung
	OK with the proposal. 
Based on the FL proposal from RAN1#110 (“combination of co-scheduled cells within the set of cells” in Alt2/3), some companies may want to consider sharing a same n_CI for different sets (or subsets/combinations) of cells. Although we do not support such sharing, it is an issue that may need to be resolved and we suggest to add the following FFS. 
FFS: whether a same n_CI value can be configured for different sets of cells that are configured for multi-cell scheduling. 

	Spreadtrum
	We agree with CMCC, Alt 3 can provide more PDCCH locations and flexible than Alt 1.Different CCE indexes for PDCCH candidates do not have any issues if BD/CCE limits are satisfied, which is also works when cross carrier scheduling applies. 
Alt 3 can fallback to Alt 1, when there is all the cell combinations are associated with one CIF value. So gNB can configure to use Alt 1 or Alt 3. 

	Xiaomi
	Our preference is to follow the legacy cross carrier scheduling framework. In the legacy design, the n_CI value is given by the CIF in the scheduling DCI. The proposal here seems to break the legacy design principle. Meanwhile, we don’t see an major issue to have different CCE index indices of PDCCH candidates for monitoring DCI format 0_X/1_X as along as the BD/CCE limits is maintained.

	NTT DOCOMO
	We can live with this proposal but tend to agree with ZTE. In the current specification for single cell cross-carrier scheduling, the CCE indices would be different depending on the scheduled cell. In that sense, it is reasonable to follow the mechanism that the n_CI can be determined based on the cell combination within the set of cells. It is unclear for us what is the concern if the CCE indices are different for each cell combinations within the set of cell.

	Ericsson1
	OK.

	Qualcomm
	We think adding Samsung’s FFS can address the concern.

	Moderator2
	@vivo:
Yes. Please check the reason I replied to you under P2-5.

@LGE:
Here, “a set of cells which is configured for multi-cell scheduling” means the entire set not a concrete scheduled cell combination.

@Samsung @Qualcomm:
If a same n_CI value is configured for different sets of cells that are configured for multi-cell scheduling, with same CCE index I have concern on how UE determines the scheduled cells since differed set of cells may have different cell combinations. Let’s focus on the proposal firstly. 

@CMCC @Spreadtrum:
I am not sure about the flexibility of providing more PDCCH locations. What’s the drawback of using a single PDCCH location?

@xiaomi @NTT DOCOMO:
In legacy, there is one-to-one scheduling. Now, we are talking about one-to-many. I don’t think there is drawback of using one CCE index for the set of cells. 
Although BD budget is maintained, I see the benefit of only one CCE location for UE complexity reduction.



	Qualcomm
	Thanks, moderator, for the response. 

We have interpreted Samsung’s FFS as opposite, i.e., it was considered as “FFS: if it is possible to configure multiple n_CI values for a set of cells and for one of the set of cells”. For example, if one n_CI value is configured to cells {1, 2, 3, 4}, the FFS is whether to allow another n_CI value to cell {1}, another n_CI value to cell {2}, and so on. We agree with moderator’s response if the moderator’s interpretation is correct.

In short, we continue to support the original Proposal 2-6.


	Moderator3
	@Qualcomm:
If I understand your question correctly, it seems a n_CI value is configured for each combination of co-scheduled cells. 
	Index
	Scheduled cell combination
	N_CI value

	0
	Cell 1
	X0

	1
	Cell 2
	X1

	2
	Cell 1 + Cell 2
	X2

	3
	Cell 1 + Cell 2 + Cell 3 + Cell 4
	X3

	…
	
	


  
This configuration is similar to Alt 2.
· Alt 2: the n_CI in the search space equation is determined by a value configured for each combination of co-scheduled cells within the set of cells.
If scheduled cell combination can include single cell case, it is OK to use a single n_CI value for entire set of cells.
Thanks for supporting original Proposal 2-6.


	Intel
	We are fine with the proposal. 

	LGE2
	Based on FL friendly response to our comments, we support Proposal 2-6.
More details commented by companies (incl. FFS suggested by Samsung) can be further discussed.

	Vivo2
	Based on FL friendly clarification on proposal2-8, there would be a single size for DL/UL mc-DCI for all cell combinations by RRC configuration or UE determination, thus there is no need to have multiple n_CIF values for different combinations, we support this proposal

	OPPO
	We are fine with the proposal. 
Meanwhile, a clarification is needed whether the search space of DCI format 0-X/1-X could also be used for monitoring legacy DCI format, which drives the n_CI for DCI format 0-X/1-X to be either same or different from the n_CI for legacy DCI format. This relates to the determination of the number of PDCCH candidate for DCI format 0-X/1-X and legacy DCI: either double of nrofCandidates or equal to nrofCandidates.

	Samsung2
	Thanks to Moderator for the response.
It seems that the terminology “set of cells which is configured for multi-cell scheduling” may cause a functionality issue. 
If a DCI format 0_X/1_X can indicate a first set {cell#1, cell#2} or a second set {cell#2, cell#3} or a third set {cell#1, cell#2, cell#3}, the UE can apply separate n_CI values for the first/second/third sets of cells. This is beneficial since different DCI formats for different sets of co-scheduled cells can correspond to different system parameters. In addition, separate n_CI values enable the UE to know the likely set of co-scheduled cells *before* decoding DCI format 0_X/1_X – this is a principle to help UE implementation for PDCCH monitoring since Rel-15, which will be lost if a same n_CI value is shared for the first/second/third set of cells. The n_CI values are same as the indicator values in DCI format 0_X/1_X for the first/second/third sets of cells, per FL Proposal 3-5. 
The fact that the UE can be configured a “super set” of cells with multi-cell scheduling configuration (e.g., the third cell {cell#1, cell#2, cell#3} or even a fourth set {cell#1, cell#2, cell#3, cell#4}) has little/no visibility in the specifications. The spec will be mainly/only concerned with sets of cells that can be actually indicated by the DCI format 0_X/1_X, as considered in Proposal 3-5.

To further clarify our intention, we suggest to add the following two FFS points:
· FFS: whether a same n_CI value can be configured for different sets of co-scheduled cells that can be indicated by a DCI format 0_X/1_X.
· FFS: whether an indicator for co-scheduled cells in DCI format 0_X/1_X (which points to one row of a table defining combinations of co-scheduled cells) can be different from an n_CI value configured for the co-scheduled cells. 

@QC: your interpretation of our proposed FFS was correct. We have modified our FFS points to make it clearer. 

	ZTE
	[bookmark: _Hlk116483020]Still not supported.
“As mentioned in above summary, if the n_CI is determined by a value configured for each cell or cell combination within the set of cells, it will lead to different CCE indices of PDCCH candidates for monitoring DCI format 0_X/1_X. ”
We do not think this is an issue. Because in current spec, different CCE indices of the USS for different scheduled cells are already here and the resources are located on the scheduling cell. That is,
· In case the search space of DCI format 0_X/1_X can be configured on one, a subset, or all cells of the set of cells, the CIF of one, a subset, or all cells of the set of cells are used to determine the CCE indices according to current spec. Then different CCE indices of PDCCH candidates for monitoring DCI format 0_X/1_X are derived due to the different USS of each scheduled cells.
· In case the search space of DCI format 0_X/1_X can be configured on only one cell of the set of cells, the CIF of the cell of the set of cells are used to determine the CCE indices according to current spec. Then same CCE indices of PDCCH candidates for monitoring DCI format 0_X/1_X are derived due to only one CIF of the cell are used to determine the USS.  
Then, we do not think Alt 1 is the straightforward way. And since proposal 2-5 is still controversial, the following updated proposal 2-6 is given below.
Proposal 2-6(update):
For monitoring PDCCH candidates for a set of cells which is configured for multi-cell scheduling, the n_CI in the search space equation for a cell of the set of cells configured with the search space of DCI format 0_X/1_X  and associated with the search space on the scheduling cell with the same search space ID is determined by a CIF value configured for the set of the cell


	NTT DOCOMO2
	Thank FL for your reply and we can live with proposal 2-6. We have one clarification question for single cell cross-carrier scheduling case. Even if the scheduled cell is the same, the n_CI value for single cell cross-carrier scheduling can be different depending on the DCI format, i.e., legacy DCI format or DCI format 0_X/1_X, is it correct? 

	Fujitsu
	According to the discussions above, some companies might interpret the proposal as Alt 2.  If the proposal is support Alt 1, similar to Proposal 2-5, could we say, “for a set of cells which can be scheduled by DCI format 0_X/1_X” to avoid misleading?

	MTK
	[bookmark: OLE_LINK551]We want to clarify is the original Proposal 2-6 equivalent to the following (in brown) mentioned example in Moderator 3?
[bookmark: OLE_LINK552]A n_CI value is configured for each combination of co-scheduled cells. 
	Index
	Scheduled cell combination
	N_CI value

	0
	Cell 1
	X0

	1
	Cell 2
	X1

	2
	Cell 1 + Cell 2
	X2

	3
	Cell 1 + Cell 2 + Cell 3 + Cell 4
	X3

	…
	
	



We think the answer is yes. Then can we add a note to Proposal 2-6 as below to make it more clear?
· Note: A n_CI value is configured for each combination of co-scheduled cells.

	CMCC
	In our view, Alt 3 is a balance between Alt 1 and Alt 2 to map CCE index and PDCCH candidates, which can also include Alt 1 as the n_CI  value can be determined by pre-definetion or network configuration. But if we further discuss the indication of co-scheduled cells, Alt 3 can provide additional benefits on reducing signalling overhead of the indicator in DCI.

	Moderator4
	@MTK: the intention of the proposal is to configure a single value for all cells, e.g., {cell 1 to 4} instead of each combination.

@Companies which don’t support the proposal:
Could you please clarify the drawback of a single value for entire set of cells? 







DCI size and BD/CCE budget

	Huawei, HiSilicon
· Proposal 12: Regarding to the DCI size and BD/CCE, Alt 1-3 (counted for one or more co-scheduled cells configured with PDCCH candidates for multi-cell scheduling) is preferred.

ZTE
· Proposal 8: BD/CCE counting for multi-cell scheduling DCI within a USS of a scheduled cell will be counted only in the scheduled cell. That is, if there is no same USS id associated with its scheduling cell on one scheduled cell within the group of configured co-scheduled cells, no BD/CCE counting for MC-DCI within the USS for the scheduled cell.
· Proposal 9: For a scheduled cell within the group of configured co-scheduled cells configured with a USS comprising MC-DCI, the size of MC-DCI should be counted in the scheduled cell. That is, if there is no same USS id associated with its scheduling cell on one scheduled cell within the group of configured co-scheduled cells, the size of MC-DCI will not be counted in the scheduled cell.
· Proposal 10: DCI size budget for a scheduling cell which is also a scheduled cell can be achieved by one of following.
· The whole DCI budget can be used for DCI formats with CRC scrambled by C-RNTI
· Maintain current DCI size budget and the MC-DCI can be only configured in the USS of one or more scheduled cells which is not a scheduling cell.

Spreadtrum Communications
· Proposal 6: For further study DCI size budget and BD/CCE budget for multi-cell scheduling DCI, existing DCI size budget is maintained per scheduled cell. Both DCI size and BD/CCE of DCI format 0_X/1_X are counted for one or more cells configured with PDCCH candidates for multi-cell scheduling among the cells that can be potentially scheduled by DCI 0_X/1_X. 
· Proposal 7: Only one size of DCI 0_X/1_X on one scheduling cell can be monitored. 

Vivo
· [bookmark: _Ref111223691]Proposal 7. For BD/CCE counting for multi-cell scheduling DCI, alt2 and alt4 are supported.
· [bookmark: _Ref111223695]Proposal 8. For DCI size budget handling for multi-cell scheduling DCI, alt 1-3/2-1/2-5 can be further considered.

OPPO:
· Proposal 9: Restriction for DCI format configuration can be considered to reduce the total number of different DCI size before DCI size alignment.

CATT:
· Proposal 3: The number of different DCI sizes for DCI format 0_X/1_X and for legacy DCI format should maintain ‘3+1’ DCI size budget per scheduled cell. 
· Proposal 8: For DCI size budget and BD/CCE budget for multi-cell scheduling DCI, below Alt 3 of Option 1 should be considered.
· Alt 3: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted for one or more cells configured with PDCCH candidates for multi-cell scheduling among the cells that can be potentially scheduled by DCI 0_X/1_X.

Lanbo:
· Proposal 4: For DCI format 0_X/1_X, PDCCH candidates and non-overlapped CCEs are counted on each co-scheduled cell, i.e., Alt 1 is supported.
· Proposal 5: A set of co-scheduled cells are counted together as a single virtual cell for   and   calculation when the scheduling cell of the set of co-scheduled cells is configured with only DCI format 0_X/1_X.

Intel：
· Proposal 8
· Multiple configurations of the DCI fields can be configured for DCI format 0-X/1-X for flexibility, which may result in different DCI sizes 
· Proposal 9
· The size of DCI format 0_X/1_X is counted with scaling to each of the cells that can be scheduled by the DCI format 0_X/1_X. 
· Proposal 10: 
· If DCI format 0_X/1_X and legacy DCI format(s) simultaneously from a same scheduling cell
· Rel-17 PDCCH monitoring limits  and  can be reused
· Special handling on BD/CCE counting for  is not needed
· The BD/CCE of a PDCCH of DCI format 0_X/1_X is counted with scaling to each of the cells that can be scheduled by the DCI format 0_X/1_X for  and .
· Proposal 11: 
· If DCI format 0_X/1_X and legacy DCI format(s) simultaneously from different scheduling cells, for a cell that can be scheduled by two scheduling cells with SCS ,
· If  for a cell, the UE determines  and  by counting one cell in the downlink cells with SCS . 
· If  for a cell, the UE can count the cell as  cell in the downlink cells with SCS  and as  cell in the downlink cells with SCS . 

Xiaomi:
· Proposal 4: It is up to gNB’s configuration to maintain the DCI size budget. The dropping rule can be defined if needed to ensure the DCI budget of one or multiple co-scheduled cells is maintained.
· Proposal 8: BD/CCE budget is counted only in one potentially co-scheduled cell.

Lenovo:
· Proposal 24: Existing “3+1” DCI size budget is maintained per scheduled cell.
· Proposal 25: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted only on one cell configured with search space for monitoring DCI format 0_X/1_X within a set of cells which can be co-scheduled by the DCI format 0_X/1_X .
· Proposal 26: The payload size of DCI format 0_X/1_X is configured by RRC.

CMCC:
· Proposal 4. The DCI size of a DCI format 0_X/1_X should be fixed regardless the number of cells it schedules each time.
· Proposal 8. Regarding DCI size budget for multi-cell scheduling DCI, support Alt 1-3: DCI size budget is maintained via DCI size alignment and DCI size budget of multi-cell scheduling DCI is counted only in one scheduled cell.
· The scheduled cell can be configured by gNB or pre-defined in spec.
· Proposal 9. The number of PDCCH candidates and non-overlapping CCEs corresponding to multi-cell scheduling DCI can be scaled down to each of co-scheduled cell according to the number of co-scheduled cells. 

FGI：
· Proposal 5: DCI size budget of multi-cell scheduling DCI is counted only in one potentially co-scheduled cell.
· Proposal 6: BD/CCE of a PDCCH candidate of multi-cell scheduling DCI is counted only in one potentially co-scheduled cell.

NEC:
· Proposal 2: DCI size budget is maintained via DCI size alignment. Align size of format 0_X/1_X after alignment of DCI format 0_1/1_1.

LG:
· Proposal #13: BD/CCE for DCI format 0_X/1_X is counted only in one scheduled cell.
· Proposal #14: DCI size for DCI format 0_X/1_X is counted only in one scheduled cell.
· Proposal #15: Existing DCI size budget should be maintained per scheduled cell, by applying DCI size alignment for DCI format 0_X/1_X to one or each scheduled cell.

MTK:
· [bookmark: OLE_LINK216][bookmark: OLE_LINK223][bookmark: OLE_LINK222]Proposal 2: A UE applies Rel-17 PDCCH monitoring limits (i.e., same  and  as in Rel-17) in a slot and DCI size limit (i.e., “3+1” per scheduled cell) regardless of monitoring legacy DCI formats or DCI formats 0_X/1_X or both in the slot. 
· [bookmark: OLE_LINK220][bookmark: OLE_LINK224]Proposal 3: Existing DCI size budget is maintained per scheduled cell regardless of UE is configured with DCI formats 0_X/1_X or not.
· [bookmark: OLE_LINK225][bookmark: OLE_LINK229]Proposal 4: BD/CCE is counted on the scheduled cell regardless of UE is configured with DCI formats 0_X/1_X or not.
· [bookmark: OLE_LINK234][bookmark: OLE_LINK246][bookmark: OLE_LINK231]Proposal 5: For a multi-cell scheduling DCI, use a pre-defined rule to determine which cell should the corresponding DCI size and BD/CCE counted on. For example:
· [bookmark: OLE_LINK232]The corresponding DCI size and BD/CCE is counted on the co-scheduled cell with the lowest ServCellIndex 
· The corresponding DCI size and BD/CCE is counted on the co-scheduled cell with the highest ServCellIndex
· [bookmark: OLE_LINK248][bookmark: OLE_LINK238][bookmark: OLE_LINK239][bookmark: OLE_LINK247]Proposal 6: Or, for a multi-cell scheduling DCI, use a RRC configured or pre-defined table to define which cell should the corresponding DCI size and BD/CCE counted on. For example:
	[bookmark: OLE_LINK241]Scheduled cells combination for one multi-cell scheduling DCI
	Which cell to count the corresponding DCI size and BD/CCE

	Cell 1, Cell 2, Cell 3, Cell 4
	Cell 1

	Cell 2, Cell 3
	Cell 2

	Cell 2, Cell 3, Cell 4
	Cell 3

	Cell 1, Cell 3
	Cell 3



· Proposal 7: For a multi-cell scheduling DCI, its search space is configured under the cell which the corresponding DCI size and BD/CCE is counted on.
· Proposal 8: Or, search spaces for DCI 0_X/1_X are only configured on the scheduling cell, instead of using search space linking.

Apple:
· Proposal 5: For DCI size and BD/CCE budget with multi-cell scheduling, one of the two alternatives should be supported:
· Alt 1: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted on each of the cells that can be potentially scheduled by DCI 0_X/1_X.
· No scaling to each co-scheduled cell
· Alt 4: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted on the scheduling cell.

Samsung:
· Proposal 13: The size of the MC-DCI format, for a given scheduling cell, is based on the maximum configured number and the corresponding parameters configurations of co-scheduled cells from the scheduling cell.
· Proposal 14: For the “3+1” limit on UE budget for DCI sizes, adopt Alt 1-1a (per-slot variation of “3+1”) or Alt 1-3 (without modifying the Rel-17 procedure for matching DCI sizes - i.e. MC-DCIs need not be considered).
· Proposal 15: A UE configured with multi-cell scheduling applies the Rel-17 PDCCH monitoring limits – there is no impact on UE hardware requirements for multi-cell scheduling over single-cell scheduling for a same maximum number of cells.
· Proposal 16: For counting of PDCCH candidates and non-overlapping CCEs for multi-cell scheduling, adopt Alt-2 or Alt-3.
· Proposal 17: RAN1 to separately discuss DCI size budget and PDCCH monitoring limits/counting based on agreements in RAN1#109-e, while striving for unified solutions, when possible.

Ericsson:
· [bookmark: _Toc115448702][bookmark: _Toc111209442][bookmark: _Toc115419430]Proposal 2: Size of mc-DCI (0_X/1_X) is explicitly configured by higher layers. 
· [bookmark: _Toc111209443][bookmark: _Toc115448703][bookmark: _Toc115419431]Proposal 3: Support independent configuration of mc-DCI for PUSCH and PDSCH. 
· [bookmark: _Toc115419432][bookmark: _Toc115448704][bookmark: _Toc115419433]Proposal 4: For a scheduled cell configured to be scheduled by mc-DCI, the total number of different DCI sizes with C-RNTI that the UE is configured to monitor is no more than 4 for the cell if it is an SCell and is no more than 5 if it is a PCell. 
· [bookmark: _Toc111209444][bookmark: _Toc115448705][bookmark: _Toc115419434]Proposal 5: BD/CCE counting for mc-DCI is based on the legacy Rel-15/16/17 BD/CCE counting mechanism with the following update 
· [bookmark: _Toc115419435][bookmark: _Toc115448706]a BD/CCE attempt for a mc-DCI format is counted only once for comparison against aggregate  and  limits in numerology buckets.

NTT DOCOMO:
· Proposal 8: If the existing “3+1” DCI size budget is maintained, the subset of legacy DCI formats can be monitored with DCI format 0_X/1_X.
· DCI size alignment procedure can be updated accordingly.
· If the number of different size of DCI exceeds three, DCI size are aligned among legacy DCI formats but not between the legacy DCI format(s) and DCI format 0_X/1_X.
· Proposal 9: The existing BD/CCE budget i.e., PDCCH monitoring limits of  and , should be maintained.
· Proposal 10: RAN1 should discuss on which cell(s) and how to count DCI size and BD/CCE based on the following alternatives;
· Alt.1: DCI size and/or BD/CCE of DCI format 0_X/1_X are counted only in one cell
· Alt.1-1: Scheduling cell of the multi-cell scheduling
· Alt.1-2: One of the scheduled cells which can be scheduled by DCI format 0_X/1_X
· Alt.2: DCI size and/or BD/CCE of DCI format 0_X/1_X are counted on each of the scheduled cells which can be scheduled by DCI format 0_X/1_X 
· Alt.2-1: No scaling to each scheduled cell
· Alt.2-2 (for BD/CCE budget): Scaling to each scheduled cell based on the number of co-scheduled cells
· Proposal 11: For DCI size of DCI format 0_X/1_X, it should be counted on the scheduling cell of the multi-cell scheduling.
· Proposal 12: For BD/CCE budget of DCI format 0_X/1_X, consider the following two alternatives;
· Alt.1-1: BD/CCE of DCI format 0_X/1_X are counted on scheduling cell of the multi-cell scheduling
· Alt.2-2: BD/CCE of DCI format 0_X/1_X are counted on each of the scheduled cells which can be scheduled by DCI format 0_X/1_X with scaling to each scheduled cell based on the number of co-scheduled cells

Qualcomm:
· Proposal 2:
· BD/CCE counting/limit are per CIF/nCI value
· I.e., for a CIF/nCI value associated with multiple cells for multi-cell scheduling, BD/CCE limit is provided as one of {44, 36, 22, 20} for the given SCS configuration of the scheduling cell
· Per-SCS BD limit according to the UE reported pdcch-BlindDetectionCA applies even when multiple cells are mapped to a CIF/nCI value
· To derive per-SCS BD limit using ,  in the equation is replaced by the sum of (1) the number of configured DL cells for scheduling cells with SCS configuration m without CIF/nCI configuration and (2) the total number CIF/nCI values for scheduling cells with SCS configuration m with CIF/nCI configuration
· Same for per-SCS CCE limit
· Proposal 3:
· DCI size counting/limit are per CIF/nCI value
· In Rel-18, monitoring DCI format 0_X/1_X and DCI format 0_2/1_2 for the same CIF/nCI value is not supported
· In Rel-18, DCI size alignment procedure specified in TS 38.212 7.3.1.0 for DCI format 0_2/1_2 is re-used for DCI format 0_X/1_X
· Proposal 4:
· For a given CIF/nCI value, a UE can be configured to monitor a DCI format 0_X/1_X for a set of scheduled cells and to monitor legacy DCI format(s) for up to one of the scheduled cells in the set
· Additional CIF/nCI value(s) for monitoring legacy DCI format(s) for the scheduled cell(s) in the set can be supported subject to optional UE capability signalling

ITRI:
· Proposal 1:
· DCI size budget can be maintained via either DCI size alignment or configured size. 
· DCI size budget of multi-cell scheduling DCI is counted only in one scheduled cell.
· Proposal 2: 
· For multi-cell scheduling DCI, the BD/CCE are counted only in one scheduled cell (i.e., Alt. 2)).

Nokia, Nokia Shanghai Bell
· Proposal 3.3.4: The DCI size for DCI formats 0_X / 1_X is RRC configured. 
· Proposal 3.4.2: For the DCI size / BD / CCE counting, adopt either: 
· Alt 2: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted only in a same cell among the cells that can be potentially scheduled by DCI 0_X/1_X
· The applicable same cell for the counting is separately RRC configured for DCI formats 0_X and 1_X. 
· Alt. 3 (Nokia interpretation in red): Both DCI size and BD/CCE of DCI format 0_X/1_X are counted for one or more cells configured with PDCCH candidates for multi-cell scheduling among the cells that can be potentially scheduled by DCI 0_X/1_X
· The share of BDs / CCEs is assigned to the one or more co-scheduled cells by RRC configuration separately for DCI formats 0_X and 1_X. 
· FFS: If the same share is applicable to the DCI size counting / budget or if for simplicity a single cell is separately RRC configured for the DCI size counting for DCI formats 0_X and 1_X 






Moderator summary and proposals based on contributions

Regarding DCI size budget and BD/CCE counting, the two issues are discussed separately in RAN1#109e and merged together in RAN1#110:
	Agreement
Further study DCI size budget including below options for multi-cell scheduling DCI: 
· Option 1: Existing DCI size budget is maintained per scheduled cell.
· Alt 1-1: DCI size budget is maintained via DCI size alignment and DCI size budget of DCI format 0_X/1_X is counted for each of the co-scheduled cells.
· Alt 1-2: DCI size budget is maintained via configured size for multi-cell scheduling DCI and DCI size budget of DCI format 0_X/1_X is counted for each of the co-scheduled cells.
· Alt 1-3: DCI size budget is maintained via DCI size alignment and DCI size budget of multi-cell scheduling DCI is counted only in one scheduled cell.
· Option 2: Existing DCI size budget is not necessarily maintained per scheduled cell. 
· Alt 2-1: DCI size budget of multi-cell scheduling DCI is counted only in one scheduled cell.
· Alt 2-2: DCI size budget of multi-cell scheduling DCI is not counted per serving cell and not considered in the related serving cell specific DCI size alignment procedure, e.g., for K co-scheduled cells, gNB guarantee the total budget of 3*K DCI sizes is not exceeded.
· Alt 2-3: voiding the “3+1” limit for multi-cell scheduling
· Alt 2-4: the DCI size budget for DCI size alignment can be separately configured for each cell
· Alt 2-5: DCI size budget of the scheduling cell can be increased to account for the DCI format for multi-cell scheduling. Accordingly, the DCI size budget of a scheduled cell can be reduced.
· Other options/alternatives could be considered.

Agreement
Further study BD/CCE counting for multi-cell scheduling DCI based on below options: 
· Alt 1: counted on each co-scheduled cell 
· Alt 2: counted only in one scheduled cell
· Alt 3: scaled down to each of co-scheduled cell according to the number of co-scheduled cells
· Alt 4: counted as part of the scheduling cell instead of each scheduled cell
· Alt 5: scaled down to each of scheduled cells excluding scheduling cell
· Alt 6: counted on each co-scheduled cell excluding scheduling cell
· Other alternatives could be considered.



	(Merged)Proposal 2-6 and Proposal 2-7rev3:
· In order to discuss BD/CCE budget in case a UE monitors DCI format 0_X/1_X or both legacy DCI formats and DCI formats 0_X/1_X in a slot on a scheduling cell, Rel-17 PDCCH monitoring limits (i.e., and) in the case where there is only one scheduling cell per scheduled cell is used for further discussion.
· For further study DCI size budget and BD/CCE budget for multi-cell scheduling DCI, below Option 1 is considered: 
· Option 1: Existing DCI size budget is maintained per scheduled cell.
· Alt 1: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted on each of the cells that can be potentially scheduled by DCI 0_X/1_X.
· No scaling to each co-scheduled cell
· Alt 2: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted only in a same cell among the cells that can be potentially scheduled by DCI 0_X/1_X.
· Alt 3: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted for one or more cells configured with PDCCH candidates for multi-cell scheduling among the cells that can be potentially scheduled by DCI 0_X/1_X.
· Alt 4: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted on the scheduling cell.
· FFS details on how to maintain the DCI size budget, e.g., via DCI size alignment or configured size for the DCI format 0_X/1_X.
· Other alternatives are not precluded.




For RAN1#110bis meeting, regarding the DCI size budget for multi-cell scheduling, 9 companies [Huawei, ZTE, Spreadtrum, CATT, xiaomi, Lenovo, LG, MTK, ITRI] support keeping existing “3+1” DCI size budget per scheduled cell. From the perspective of UE implementation, increasing the existing DCI size budget will result in high complexity for UE to perform blind detection, which is not expected. In addition, if the existing “3+1” size budget per scheduled cell is not maintained, current DCI size alignment rules of legacy DCIs also needs to be changed because each cell may have more size budget. Since majority companies prefer maintaining existing DCI size budge per scheduled cell to avoid high implementation complexity at UE side, moderator suggest keeping this principle firstly then going into the detailed solutions to maintain the current DCI size budget.
For the merged proposal, 13 companies [Langbo, Apple, xiaomi, Lenovo, FGI, LG, MTK, ITRI, Nokia, Huawei, ZTE, Spreadtrum, CATT] expressed the preference on the detailed alternatives to determine DCI size alignment and BD/CCE counting. Their views are summarized below:
· Alt 1: Langbo, Apple
· Alt 2: xiaomi, Lenovo, FGI, LG, MTK, ITRI, Nokia
· Alt 3: Huawei, ZTE, Spreadtrum, CATT, 
· Alt 4: Apple, NTT DOCOMO 
Furthermore, 4 companies [Intel, CMCC, Samsung, NTT DOCOMO] propose BD/CCE of DCI format 0_X/1_X is scaled to each scheduled cell based on the number of co-scheduled cells.
Basically, for Alt 1, when DCI size and BD/CCE of DCI format 0_X/1_X are counted on each of the cells that can be potentially scheduled by the DCI 0_X/1_X, the size and BD/CCE of DCI format 0_X/1_X are counted multiple times which wastes PDCCH monitoring capability. For Alt 4, when DCI size and BD/CCE of DCI format 0_X/1_X is counted on the scheduling cell, it will lead to DCI size alignment issue in each slot or SS set dropping when the scheduling cell is PCell.  
For Alt 2 and Alt 3, the DCI size of DCI format 0_X/1_X is counted on one or more cells that can be potentially scheduled by the DCI 0_X/1_X. The open issue is which cell(s) the DCI size and BD/CCE are counted. Some companies propose the size budget can be counted on the co-scheduled cell which has the minimum number of legacy DCI formats or has the minimum number of DCI sizes after alignment or SCell. Other companies propose configuring a cell for counting DCI size and BD/CCE.
Based on above, moderator suggests merging Alt 2 and Alt 3 as both DCI size and BD/CCE of DCI format 0_X/1_X are counted on one or more cells among the cells that can be potentially scheduled by DCI 0_X/1_X. How to determine the one or more cells can be FFS. Proposal 2-7 is provided for combining Alt 2 and Alt 3.

Regarding the DCI format design for multi-cell PDSCH/PUSCH scheduling, for a cell within a set of cells which can be scheduled by one DCI format 0_X/1_X, if UE is configured to simultaneously monitor both DCI format 0_X/1_X for scheduling one or multiple cells within the set of cells including the cell and DCI format 1_0/0_0/0_1/1_1 for scheduling single cell, then existing “3+1” DCI size budget can’t be maintained. 
To avoid standardization effort on DCI size alignment to maintain “3+1” DCI size budget, 4 companies [Ericsson, ITRI, Nokia, Lenovo] propose to configure the payload size of DCI format 0_X/1_X by RRC signaling. How to align the DCI payload size can be left for gNB implementation. Proposal 2-8 is provided for discussion.

1st round of discussions

[bookmark: _Hlk103008251]Proposal 2-7:
· For a set of cells which is configured for multi-cell scheduling, 
· Existing DCI size budget is maintained on each cell of the set of cells.
· Both DCI size and BD/CCE of DCI format 0_X/1_X are counted on one or more cells among the set of cells. 
· FFS: Which cell(s) both DCI size and BD/CCE of DCI format 0_X/1_X are counted on


Companies are encouraged to provide comments in the table below.
	Company
	Comment

	MTK
	Support

	Qualcomm
	Regarding the 1st bullet “Existing DCI size budget is maintained on each cell of the set of cells”, it is not clear whether a size of DCI 0_X/1_X configured for CC {1, 2, 3, 4} is counted to each CC in the CC set {1, 2, 3, 4}.

Regarding the 2nd bullet “Both DCI size and BD/CCE of DCI format 0_X/1_X are counted on one or more cells among the set of cells”, how to count is not a matter. The first question should be “whether/how to maintain BD/CCE budget per scheduled CC?”.

If we agree to maintain BD/CCE budget per scheduled CC, it is not clear how “counting BD/CCE of DCI 0_X/1_X on one or some cells among the set of cells” works. This would increase BD/CCE budget per scheduled CC.


	Nokia, NSB
	Conditionally support – but in the proposal is still unclear if the DCI size and BD / CCE budget is counted as full (without scaling) on the one or more cells or if there is some scaling applied (similarly as pointed out be QC). We think that this needs to be clarified before being able to agree on it. 

	Apple
	We support the 1st bullet. On 2nd bullet, it is unclear to us how the BD/CCE budget is counted in case of more than one cells. In addition, this option is not preferable as it will require further discussion on which cells and how to select for BD/CCE counting (as captured in FFS). In our view, it is reasonable option to count BD/CCE and DCI size on one cell and that cell can be scheduling cell. 

	Langbo
	We are OK for the first sub-bullet. For the second sub-bullet, it is unclear to us how the BD/CCE is counted and whether the existing per scheduled cell and per scheduling cell group limitations are maintained or not. Clarifications are needed.

	Huawei, HiSilicon
	Support. We think this is at least a scenario that needs to support, without a scaling that is mentioned by Nokia, as this is similar to the case of legacy cross-carrier scheduling in terms of max BD/CCE. 

	Intel
	The first sub-bullet is fine. 
It is not clear what is the real progress to have the second sub-bullet. We prefer to clarify and agree on some high level principle first, e.g., 
· The total budget of DCI size and BD/CCE should be not increased 
The DCI size and BD/CCE counting should be fair to each co-scheduled cell

	ZTE
	Based on the search space determination of the MC-DCI, it seems there is no additional issue of the FFS. The only additional issue is how to handle the DCI size budget/size alignment. The DCI size budget for scheduling cell is more challenging than a scheduled cell, because fallback DCI cannot be configured on the scheduled cell except the PCell scheduled by sSCell. As a result, existing DCI size budget is maintained per scheduled cell can be easily maintained at least for the scheduled cell which is not a scheduling cell. For a scheduling cell which is also a scheduled cell, it can be configured with 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, which is challenging to maintain up to 3 sizes of DCI formats with CRC scrambled by C-RNTI per serving cell.
The updated proposal 2-7 is listed below.
Proposal 2-7(update):
· For a set of cells which is configured for multi-cell scheduling, 
· Existing DCI size budget is maintained on each cell of the set of cells.
· Both DCI size and BD/CCE of DCI format 0_X/1_X are counted on one or more cells configured with same search space ID and DCI format 0_X/1_X on the scheduling cell among the set of cells. 
· FFS: how to handle DCI size alignment for a scheduling cell which is also a scheduled cell Which cell(s) both DCI size and BD/CCE of DCI format 0_X/1_X are counted on.


	Moderator
	@Qualcomm:
The 1st bullet means, from each scheduled cell’s point of view, “3+1” size budget including all the configured DCI formats on it should be maintained.
The 2nd bullet means both DCI size and BD/CCE of DCI format 0_X/1_X are counted on one or more cells. 
E.g., using DCI format 0_X/1_X from CC0 to schedule {CC1, CC2, CC3, CC4}, if CC1 has minimum legacy DCI formats, then the budget of DCI format 0_X/1_X is counted only on CC1. If the budget of DCI format 0_X/1_X can be counted on N cells, I think it is open to discuss whether/how to perform budget scaling per N cells or count budget on N cells without scaling.
As mentioned in the first bullet, BD/CCE budget should be maintained as legacy. 

@Nokia:
If the budget of DCI format 0_X/1_X can be counted on more than one cell, I think it is open to discuss whether/how to perform budget scaling.

@Apple:
If the budget of DCI format 0_X/1_X can be counted on more than one cell, I think it is open to discuss whether/how to perform budget scaling or count budget on N cells without scaling.
If companies are OK with only one cell for counting budget, then I am happy to save the time to discuss the scaling operation.
Additionally, when DCI size and BD/CCE of DCI format 0_X/1_X is counted only on the scheduling cell, it will lead to DCI size alignment issue in each slot or SS set dropping when the scheduling cell is PCell.

@Langbo:
E.g., using DCI format 0_X/1_X from CC0 to schedule {CC1, CC2, CC3, CC4}, if CC1 has minimum legacy DCI formats, then the budget of DCI format 0_X/1_X is counted only on CC1. If the budget of DCI format 0_X/1_X can be counted on N cells, I think it is open to discuss whether/how to perform budget scaling per N cells or count budget on N cells without scaling.
As mentioned in the first bullet, BD/CCE budget is maintained. 

@Intel:
Not sure about your point. The intention of 2nd bullet is which cell the size budget counting is on.
The below bullet makes sense and has been covered in the 1st bullet.
· The total budget of DCI size and BD/CCE should be not increased 

@ZTE:
I agree with your point. But I don’t think your addition is really needed. Because the case that the scheduling cell is also one of co-scheduled cells has been covered by the main bullet.

	CMCC
	We are fine with the 1st bullet,  it is reasonable to maintain the DCI size budget as the current specification for each cell.
For the 2nd bullet, more clarifications are needed for DCI size counting and BD/CCE counting. We prefer to discuss DCI size and BD/CCE counting on one cell or scaled down to each co-scheduled cell separately.

	New H3C
	Support

	Fujitsu
	We support the first sub-bullet.
The second sub-bullet is not clear to us. Hope these can be clarified. 
1. Whether DCI size and BD/CCE are counted on same set of cells? If it may be unnecessary, separate discussions on the 2 issues are preferred.
2. Whether scaling (i.e. Alt 3 as below) is possible?
· Alt 3: scaled down to each of co-scheduled cell according to the number of co-scheduled cells.
Additionally, we share the same view with Intel that we can agree on the total budget first.

	CATT
	Support Proposal 2-7. 
Regarding the second bullet, the BD/CCE of DCI format 0_X/1_X is counted on one or more cells among the set of cells. It can up to gNB to configure BD/CCE of DCI format 0_X/1_X for one or more cells, and maintain BD/CCE budget per scheduled CC. 
For example, if gNB configures BD/CCE of DCI format 0_X/1_X on only one scheduled cell, the BDs will be counted this scheduled cell CC1. If the gNB configures BD/CCE of DCI format 0_X/1_X across CC1 and CC2, the BD/CCE configured on CC1 will be counted to CC1, the BD/CCE configured on CC2 will be counted to CC2.
From the perspective of spec, there is no need to specify which cell(s) will be configured BD/CCE budget or how to count BD/CCE for each scheduled cell. The legacy BD/CCE budget and counting method can be reuse for DCI format 0_X/1_X.

	vivo
	For ‘a set of cells which is configured for multi-cell scheduling’, similar comments as P2-5
On 2nd bullet, same view as apple, BD/CCE is counted for a scheduled cell, the scheduled cell can be the scheduling cell or be determined by some other rule

	LGE
	Support the 1st bullet with understanding the existing DCI size budget is maintained on a cell of the set of cells regardless the cell is one of co-scheduled cells by DCI 0_X/1_X or not.
For the 2nd bullet, DCI size and BD/CCE counting for more than one scheduled cells may cause the follow up issues such as how to select those cells and whether/how to scale/distribute the BD/CCE budget over those cells. To avoid these issues, one “scheduled” cell for counting DCI size and BD/CCE would be an easiest way. Note that one selected cell for DCI size counting or BD/CCE counting may or may not be the same, which can be further discussed.

	Samsung
	For the first bullet, our preference is to increase DCI size budget to avoid unnecessary padding of single-cell scheduling DCI formats, especially for the PCell, as that is against the whole purpose of introducing MC-DCI. However, for progress, we can be OK with the first bullet if that is the majority’s view.

For the second bullet, we prefer to discuss DCI size counting and BD/CCE counting separately:
· The size of MC-DCI format for any/all sets of co-scheduled cells is counted only on a single reference cell (FFS: reference cell). That avoids/minimizes padding.
· The BD/CCE counting should be discussed together with the BD/CCE limits to provide the full picture. We prefer to keep Rel-17 BD/CCE limits and count BDs/CCEs for a PDCCH candidate in a search space set associated with a set of co-scheduled cell (per linking procedure of FL P2-5) by counting towards each cell from the set of co-scheduled cells according to scaling factors. 
So, we propose the following modification:

Proposal 2-7:
· For a set of cells which is are configured for multi-cell scheduling, 
· Existing DCI size budget is maintained on each cell of the set of cells.
· Both DCI size and BD/CCE of DCI format 0_X/1_X are is counted on one or more reference cells among the set of cells. 
· FFS: the reference cell Which cell(s) both DCI size and BD/CCE of DCI format 0_X/1_X are counted on
· Rel-17 BD/CCE limits (i.e.,  and  same as in Rel-17) are maintained for the cells. 
· BD/CCE of [a PDCCH according to a search space set associated with a set of cells for] DCI format 0_X/1_X is counted on all cells from the set of cells based on scaling factor. FFS the scaling factors.

	Spreadtrum
	One clarification is the BD/CCE counting is based on one CIF value of the search space. If only one CIF for all the cell combinations, they are counted on one cell. 


But if there are several CIF values associated with the search space on different cells, DCI size and BD/CCE of DCI format 0_X/1_X are counted on the cells with search space configuration. As the figure below, BD/CCE counting on CC2 with CIF=0, and on CC3 with CIF=1.



	Xiaomi
	We are fine with the first bullet.
For the second bullet, the DCI size budget can be simply handled by the gNB, it seems no need to discuss how to count the DCI size among the co-scheduled cells.

	NTT DOCOMO
	We support the first sub-bullet. 
For the second sub-bullet, we think it is preferable to agree on the possible options which can be considered for DCI size and/or BD/CCE counting for better progress. For example, for BD/CCE count, it can be counted on 1) the scheduling cell or 2) on one scheduled cell if they are counted on one cell. Furthermore, the can be scaled to each co-scheduled cells if they are counted on more than one cell. However, we are also fine to support this proposal so far with the understanding that the BD/CCE of DCI format 0_X/1_X can be counted on each scheduled cell with scaling and it would be discussed further if it is counted on more than one cell.

	Ericsson1
	Our preference is to increase the DCI size budget (no more than 4 for the cell if it is an SCell and is no more than 5 if it is a PCell).

Configuration of DCI format 0_X/1_X for a scheduled cell should not preclude scheduling via regular non-fallback DCI format 0_1/1_1 for the same scheduled cell.
With this principle, if existing DCI size budget is maintained, the regular non-fallback DCI format size must be increased (size matched) to that of DCI format 0_X/1_X. Increasing DCI size budget is better option than such potentially excessive size matching.

For BD/CCE, clarification is needed on what counting on one or more cells among the set of cells means – is this to be reflected in the following parts from specification or something else?  

For each scheduled cell from the  downlink cells, the UE is not required to monitor on the active DL BWP with SCS configuration  of the scheduling cell more than  PDCCH candidates or more than  non-overlapped CCEs per slot.

For cross-carrier scheduling, the number of PDCCH candidates for monitoring and the number of non-overlapped CCEs per span or per slot or per group of  slots are separately counted for each scheduled cell.

We think duplicate counting of a BD/CCE attempt for a mc-DCI format should be avoided when counting BD/CCE across co-schedulable cells.


	Qualcomm
	Regarding DCI size budget, we are now OK with the moderator’s clarification.
The 1st bullet means, from each scheduled cell’s point of view, “3+1” size budget including all the configured DCI formats on it should be maintained.

Regarding BD/CCE counting/budget:
If we take the ZTE’s approach above, we should make sure that the UE is allowed to support DCI 0_X/1_X monitoring on SS sets linked to one of the CCs that can be scheduled by the DCI 0_X/1_X. In addition, the UE should also be allowed to support legacy DCI format monitoring on SS sets linked to one of the CCs that can be scheduled by the DCI 0_X/1_X, which is the same CC as the one for the DCI 0_X/1_X. More than “one” can be considered for advanced (not-basic) UEs. Otherwise we cannot accept this way. 

If we take the Samsung’s approach above, we would like to make sure that a UE can indicate support of the scaling factor = 1. This might be simpler and might be acceptable to companies compared to ZTE’s approach. 


	Apple2
	Thanks, moderator for the clarification. We are also open to consider Alt 1, where the BD/CCE is counted on each of the co-scheduled cells, if Alt 4 is not preferred by majority of the companies. However, combining the three alternatives seems unjustifiable and adds unnecessary complexity. This should be avoided considering the limited time. 

	ITRI
	Support the first bullet. 
Not support the second bullet. Alt. 2 is preferred.

	Moderator2
	@Fujitsu:
For your 1st question, the answer is yes to me. 
For your 2nd question, scaling is open for discussion.

@Ericsson:
Seems all companies except Ericsson are OK with first bullet. Increasing DCI size budget can’t be acceptable to UE vendors. 

@All: As many comments on the case of more than one cell configured SS of DCI 0_X/1_X, let me try to reformulate the proposal as below:
Proposal 2-7rev1:
· For a set of cells which is configured for multi-cell scheduling, 
· Existing DCI size budget is maintained on each cell of the set of cells.
· Both DCI size and BD/CCE of DCI format 0_X/1_X are counted at least on one or more cells among the set of cells. 
· FFS: Which cell(s) both DCI size and BD/CCE of DCI format 0_X/1_X are counted on
· FFS: different cells for DCI size counting and BD/CCE counting


	Nokia/NSB
	Same comment as to the search space change: if the intention is for now to agree / focus on the single cell case, the ‘at least on one cell’ again includes all options – including (i) one cell, (ii) subset of cells and (iii) all cells. 

	Apple
	Similar comments and updates as for the search space configuration is valid here as well, i.e., if scheduling cell is one of the cells of the set of cells, then both DCI size and BD/CCE of DCI format 0_X/1_X are counted on the scheduling cell.

	Qualcomm
	Thanks, moderator, to accommodate our concern. 

Focusing on BD/CCE count, we still have a concern on this way. Suppose the following case.
· A UE monitors DCI 0_X/1_X for CCs {1, 2, 3, 4} on CC-0. The BD/CCE is configured to be counted on CC 1, for example.
· The UE monitors legacy DCI formats for each of CCs {1, 2, 3, 4}.
Let’s focus on CC-2 as one scheduled CC. 
· The UE monitors legacy DCI formats for CC-2, whose BDs/CCEs are counted on CC-2 (as legacy cross-carrier scheduling). If the UE does not report pdcch-BlindDetectionCA and if SCS of CC-0 is 30kHz, then max # of BDs for the legacy DCI formats for CC-2 is 36.
· The DCI 0_X/1_X can schedule CC-2 (even it is possible to schedule CC-2 only), but its BDs/CCEs are counted on CC-1. Max # of BDs for the DCI 0_X/1_X can also be 36.
· In total, the UE has to monitor and process, 36 + 36 = 72 BDs, to get a grant for CC-2.

Because of this, we think either of the following is necessary:
Opt.1: a UE is allowed not to monitor legacy DCI formats for all the CCs in the CC-set
In the same example above, BD/CCE of the legacy DCI formats for CC-1 is counted on the same pool as DCI 0_X/1_X, i.e., on CC-1. If the UE does not monitor legacy DCI formats for other CCs {2, 3, 4}, max # of BDs for a scheduled CC is limited to 36.

Opt.2: a BD/CCE of DCI 0_X/1_X is counted on all the CCs in the CC-set. 
In the same example above, if BD/CCE of DCI 0_X/1_X is counted on each of the CC {1, 2, 3, 4}, max # of BDs for a scheduled CC is limited to 36.

We are open to either of the options, but would like to make sure that BD/CCE number per scheduled CC can be capped by the per-CC limit, at least for basic multi-cell scheduling.


	Moderator 3
	@Nokia:
Thanks for the good comments. Below update is made.

@Apple:
We can FFS Which cell(s) both DCI size and BD/CCE of DCI format 0_X/1_X are counted on on so that we can further determine whether this cell is a scheduling cell if the scheduling cell is included in the set of scheduled cells or one of scheduled cells.

@Qualcomm:
In your example, when DCI format 0_X/1_X is used for multi-cell scheduling CC2 or single-cell scheduling CC2, the BD/CCE budget is counted on CC1, which is max 36. When DCI format 0_1/1_1 is used for single-cell scheduling CC2, the BD/CCE budget is counted on CC2, which is max 36. As long as BD/CCE budget is maintained for each of CC1 and CC2, seems UE complexity is not increased. Maybe I don’t fully understand your question. Please correct me.

Further update is shown in below:
Proposal 2-7rev2:
· For a set of cells which is configured for multi-cell scheduling, 
· Existing DCI size budget is maintained on each cell of the set of cells.
· Both DCI size and BD/CCE of DCI format 0_X/1_X are counted on one or more cells among the set of cells. 
· FFS: Which cell(s) both DCI size and BD/CCE of DCI format 0_X/1_X are counted on
· FFS: different cells for DCI size counting and BD/CCE counting
· FFS: whether DCI size and BD/CCE of DCI format 0_X/1_X can be additionally counted on other cells of the set of cells.


	Intel
	We do not support the updated proposal. The most important issue is to ensure fairness among the co-scheduled cells in terms of DCI size counting and BD/CCE counting. 
· We do not think counting on a single cell among the set of configured cells would be desirable, since it impacts the scheduling of the selected one cell. 
· We prefer to count the DCI size and BD/CCE to all cells with scaling applied. The scaling is to avoid overcounting, to exploit full UE capability on PDCCH detection for scheduling flexibility. 
Note:  and are considering all cells by its definition, i.e., they are defined as the budget for all cells with same numerology of the scheduling cell.  

	CATT
	Thanks for the update. We are ok with the FL’s direction to discuss BD/CCE. We think both BD/CCE and DCI size should be counted on the same scheduled cell. For R15 cross-scheduling, the BD/CCE and DCI size are counted on the scheduled cell which is configured with PDCCH candidates of search space. For example, the UE is configured search space of DCI-1 on scheduled cell CC1, and is configured to monitor this DCI-1 on scheduling cell CC0. In this case, the BD/CCE and DCI size of DCI-1 will be counted to scheduled cell CC1 based on the configured PDCCH candidates of search space. 
One straightforward approach to reuse same principle for DCI format 0_X/1_X, that is, both DCI size and BD/CCE of DCI format 0_X/1_X are counted to the scheduled cell(s) configured with PDCCH candidates of DCI format 0_X/1_X. We prefer to list some options below first FFS for down-selections.
In additional, it’s not clear the motivation of counting DCI size and BD/CCE of DCI format 0_X/1_X on other cells of the set of cells. We can’t get point to add last FFS.
Proposal 2-7rev2:
· For a set of cells which is configured for multi-cell scheduling, 
· Existing DCI size budget is maintained on each cell of the set of cells.
· Both DCI size and BD/CCE of DCI format 0_X/1_X are counted on one cell among the set of cells. 
· FFS: Which cell(s) both DCI size and BD/CCE of DCI format 0_X/1_X are counted on
i) Scheduled cell configured with PDCCH candidates of DCI format 0_X/1_X
ii) Scheduling cell
iii) others
· FFS: different cells for DCI size counting and BD/CCE counting
· FFS: whether DCI size and BD/CCE of DCI format 0_X/1_X can be additionally counted on other cells of the set of cells.


	Qualcomm
	Response to moderator:
“In your example, when DCI format 0_X/1_X is used for multi-cell scheduling CC2 or single-cell scheduling CC2, the BD/CCE budget is counted on CC1, which is max 36. When DCI format 0_1/1_1 is used for single-cell scheduling CC2, the BD/CCE budget is counted on CC2, which is max 36.”
Yes, above is correct. Then, the UE has to process 36 BDs counted on CC-1 and 36 BDs counted on CC-2 in a slot to see if there is a grant for data on CC-2. This requires UE to process doubled number of BDs/CCEs for DCIs for a scheduled CC. 

Let us rephrase Opt.1 in our earlier reply below. Again, we are open with either option.

Opt.1: a UE monitoring DCI 0_X/1_X for a CC-set is allowed to support monitoring legacy DCI formats only for one CC in the CC-set and DCI 0_X/1_X whose BD/CCE/DCI-size are counted on the same CC in the CC-set
In the same example above, BD/CCE of the legacy DCI formats for CC-1 is counted on the same pool as DCI 0_X/1_X, i.e., on CC-1. If the UE does not monitor legacy DCI formats for other CCs {2, 3, 4}, max # of BDs for a scheduled CC is limited to 36.

Opt.2: a BD/CCE of DCI 0_X/1_X is counted on all the CCs in the CC-set. 
In the same example above, if BD/CCE of DCI 0_X/1_X is counted on each of the CC {1, 2, 3, 4}, max # of BDs for a scheduled CC is limited to 36.



	LGE2
	Support the updated proposal, i.e. Proposal 2-7rev2.

	OPPO
	We are OK with the updated proposal 2-7rev2, except the second FFS. We fail to see the reason why the DCI size and BD/CCE need to be counted on different cells. If the DCI size is counted on cell-1 and BD/CCE is counted on cell-2, how to use the BD/CCE capability on cell-2 to monitoring the DCI format 0_X/1_X with the DCI size counted on cell-1?

	Samsung2
	We continue to think that the two issues can be better/faster resolved if treated separately, per agreements from RAN1#109-e. 
· The size of DCI format 0_X/1_X can be assumed same for all sets of co-scheduled cells, and such size can be counted on a single reference cell.
· The BD/CCE for a DCI format 0_X/1_X is based on which search space the PDCCH is monitored, which in turn is based on which set of co-scheduled cells is associated with the search space set. Therefore, the UE can “distribute” the BD/CCE count among the set of co-scheduled cells using the scaling factor.

@ QC: Regarding a comment about scaling factor = 1, we think such assumption will unnecessarily and quickly “saturate” the BD/CCE budget as it implies each PDCCH candidate for DCI format 0_X/1_X will be counted separately for each of the co-scheduled cells, e.g. as 4 BDs across 4 co-scheduled cells. This would defeat the purpose of multi-cell scheduling for reducing PDCCH candidates and increasing PDCCH monitoring capability. As commented above, we agree to keep the Rel-17 limits per-scheduled-cell and per-SCS-scheduling-cells regardless of the configured DCI formats, but one PDCCH candidate for DCI format 0_X/1_X needs to be counted as one BD across the set of co-scheduled cells. In such case, scaling factor = 1 is not needed.


	Langbo
	We share similar views as QC. Even though the BD/CCE budgets do not exceed the sum of per scheduled cell limitations, it does not mean the monitoring complexity of one scheduled cell is not increased, as the budgets cannot be dynamically shared among all scheduled cell. We still think BD/CCE of DCI 0_X/1_X is counted on all the CCs in the CC-set is the most favourable way in terms of UE complexity. We think scaling the BD/CCE number to all cells is also fine. 

	NTT DOCOMO2
	For the second sub-bullet, we share the similar view as Intel. We are fine to count DCI size and BD/CCE budget on all the cells of set of the cells. Especially for BD/CCE counting, we prefer to support scaling to each cell within the set of cells which can avoid duplicate counting and improve the scheduling flexibility.

	MTK
	[bookmark: OLE_LINK556]We are generally fine with the direction of Proposal 2-7rev2.
At the same time, we also think QC’s concern is valid.
Maybe we can add one note to Proposal 2-7rev2 as below (same sentence mentioned by QC):
· Note: BD/CCE number per scheduled CC is capped by the per-CC limit, at least for basic multi-cell scheduling.

	CMCC
	We share the similar views with Samsung that the DCI size and BD/CCE counting can be discussed separately.

	Qualcomm
	Regarding Samsung’s comment on scaling factor, we have different understanding. WIDstates that multi-cell scheduling is for high spectral efficiency (by DCI overhead reduction) and for high power efficiency (by simplifying PDCCH monitoring). If a UE is required to implement very advanced PDCCH monitoring capability just because of MC-scheduling, there is no point for the UE to support MC-scheduling to begin with. 
So we cannot accept to mandate it.



Proposal 2-8:
· [bookmark: OLE_LINK444]The payload size of DCI format 0_X/1_X is configured by RRC.

Companies are encouraged to provide comments in the table below.
	Company
	Comment

	MTK
	We are not sure why we need RRC to configure payload size of DCI format 0_X/1_X. Willing to hear views from more companies.

	Qualcomm
	1st bullet of Proposal 2-7 should be clarified first.

	Nokia, NSB
	Support. And we think we need a separate configuration for 0_X from 1_X. 

	Apple
	It will be good to hear the motivation on the need for RRC configuration for the payload size. In addition, is this payload size configuration independent of the actual number co-scheduled cells by DCI format 0_X/1_X?

	Langbo
	Same questions as Apple.

	Huawei, HiSilicon
	General support and we think even if not agreed, this would be the case -  the DCI field type discussion already implies such.

	Intel
	We prefer to reuse or extend the existing DCI size alignment rule

	ZTE
	In current spec, the payload size of the non-fallback DCI format is configured by the network since many fields are configured by RRC. We think it is reasonable to follow this principle. We are generally fine with this the principle of this proposal. A question is does this mean the payload size of DCI format 0_X/1_X is configured by RRC directly? For example, RRC configures how many bits the DCI format 0_X/1_X has. We think the legacy way of configuring each field is sufficient. 

	Moderator
	@MTK:
The intention is to avoid effort on size alignment discussion and different bandwidths for different scheduled cell combinations.

@Qualcomm:
Please check my reply under Proposal 2-7.

@Nokia:
Yes, separate configuration can be considered if agreed.

@Apple @langbo:
The intention is to avoid effort on size alignment discussion and different bandwidths for different scheduled cell combinations.
Yes, if the payload size is configured, it is independent to actual scheduled cells.   

@ZTE:
This proposal implies the DCI size of 0_X/1_X is directly configured. This method is also used for DCI format 4-2 and other DCI format 2_X series.
If following DCI format 0_1/1_1 way, then we have to discuss how to determine the FDRA field/BWP field for each co-scheduled cells as long as per cell configuration is different.
To save DCI size alignment discussion, it is simple to configure the size of MC DCI directly. 

	New H3C
	Support

	Fujitsu
	Same view as Apple.

	CATT
	Support. 
In our understanding, if the payload size of DCI format 0_X/1_X is configured by RRC, DCI format 0_X/1_X doesn’t require to participate in the DCI size alignment procedure in the section 7.3.1.0 of TS 38.212. It is up to gNB to maintain ‘3+1’ budget for each scheduled cell.

	vivo
	Need clarification on whether the size is per entire set of scheduled cell or per scheduled cell or per scheduled combination configured?

	LGE
	We don’t see the reason to have RRC configuration for determining DCI payload size. The payload size of DCI 0_X/1_X can be reasonably determined as a maximum size among the size required for each combination of co-scheduled cells and the corresponding DCI size is fixed regardless of which combination of cells are scheduled by DCI 0_X/1_X. This is straightforward and is similar to the method of determining the payload size of multi-TTI scheduling DCI in FR2-2 for Rel-17.

	Samsung
	We suggest to list different options for DCI size alignment and include RRC configured size and the existing DCI size alignment procedure of TS 38.212 – both are supported in Rel-17.
Also, one basic issue to resolve is whether a payload size of DCI format 0_X/1_X can depend on a set of co-scheduled cells (associated with the search space set). We suggest to clarify as follows.
· The payload size of DCI format 0_X/1_X is same for all sets of co-scheduled cells.
· FFS: The payload size of DCI format 0_X can be different from the payload size of DCI format 1_X. 

	Spreadtrum
	We understand the intention. However, we are afraid it is hard to find a existing DCI size with C-RNTI for DCI 0_X/1_X, since they are assumed with bigger size than DCI 0_0/1/2 and DCI 1_0/1/2.

	Xiaomi
	One clarification question, is it correct understanding that different payload size of the MC-DCI will be configured with different number of co-scheduled cells (configured rather than actual scheduled).

	NTT DOCOMO
	We can support this proposal but we think it is preferable to conclude which legacy DCI formats are monitored with DCI format 0_X/1_X and/or whether the current DCI size budget is maintained first. Then this proposal can be discussed with how to maintain the current DCI size budget considering the simultaneous monitoring with legacy DCI format(s).

	Ericsson1
	Support.

	Qualcomm
	We are still not sure how this proposal can resolve the issue of DCI size budget 3+1 for each scheduled CC (seems similar question as Apple).

If DCI 0_0/1_0, 0_1/1_1, 0_2/1_2, and 0_X/1_X are monitored for a given scheduled CC, how the proposal can ensure 3+1 size budget for the scheduled CC?

We think we can simplify the scenario in Rel-18. For example, monitoring all non-fallback DCI formats, 0_1/1_1, 0_2/1_2, and 0_X/1_X can be excluded in Rel-18. 

	Apple2
	Thanks for clarification, but in our view, we still don’t see the motivation to introduce RRC configuration for the size. Also, as some other companies commented, we should also discuss if same DCI size for DCI format 0_X/1_X is applicable for any combination of co-scheduled cells. In our view, same size should be considered .

	ITRI
	Support

	Moderator2
	@vivo:
The size is determined based on entire set of cells configured for multi-cell scheduling.

@LGE: @Speadtrum: @QC:

The intention is to avoid effort on size alignment discussion and different bandwidths for different scheduled cell combinations.
If DCI size is counted on one scheduled cell with minimum legacy DCI formats, then it is easier to follow RRC configured size without need to check all the possible DCI size then find the max one.



	Qualcomm
	If a UE monitors DCI 0_0/1_0, 0_1/1_1, 0_2/1_2 for a scheduled CC and processes DCI size alignment procedure in 38.212, the DCI size budget for unicast DCI, which is 3, is fully consumed. 
It is still not clear how the proposal enables keeping DCI size budget = 3 for a scheduled CC.

Moderator indicated “if DCI size is counted on one scheduled cell with minimum legacyDCI formats”. This implies that the assumption here is that the DCI 0_X/1_X is counted on a cell where the UE does not monitor all of the legacy DCI formats? 


	Moderator3
	@Qualcomm:
Using RRC configuring DCI size is also applied to DCI format 4-2. The gNB can maintain size budget.
E.g., there are below DCI formats which may need to be monitored by a UE:
(1)	DCI format 1-0/0-0 
(2)	DCI format 0-1 for scheduling a single cell 
(3)	DCI format 0-X for scheduling one or multiple cells
(4)	DCI format 1-1 for scheduling a single cell
(5)	DCI format 1-X for scheduling one or multiple cells
To keep “3+1” DCI size budget, one way is to align the payload size of (2) and (4), (3) and (5) then the total number of different payload sizes with C-RNTI is 3, i.e., DCI format 0-0/1-0, DCI format 0-1/1-1, and DCI format 0-3/1-3. The padding bits may be appended to (2) and (3) until both (2) and (4) have same size, (3) and (5) have same size considering DL DCI usually requires more bits than UL DCI. 

Based on RRC configured size, UE doesn’t need to determine the payload size according to the maximum scheduled bandwidths on active BWPs of all cells of entire set of cells.

@All:
Let’s check companies’ views
· Alt 1: The payload size of DCI format 0_X/1_X is configured by RRC.
· Alt 2: The payload size of DCI format 0_X/1_X is determined by UE.

Please add your company name in below tables.
	Support Alt 1 
	CATT, Nokia/NSB, New H3C



	Support Alt 2
	Intel, Qualcomm, LGE, Langbo, NTT DOCOMO





	LGE2
	Alt 2 is preferred as done for multi-TTI scheduling DCI in Rel-17

	OPPO
	Alt-2 is preferred. The example in Moderator3 seems to make the DCI size budget available to legacy DCIs to be 2+1. It is not clear to us whether this budget reduction would impact the logic in existing specification.  
We think the Alt-2 could be defined more precisely: 
· Alt 2: The payload size of DCI format 0_X/1_X is determined derived by UE based on RRC configurations.


	Samsung2
	Unless DCI size budget is satisfied by certain restrictions in the specifications (e.g., a reference cell for DCI size counting that includes < 3 single-cell DCI formats, as follow-up of FL Proposal 2-7), the DCI size alignment procedure in 38.212 for DCI formats with C-RNTI needs to be modified to capture the impact of DCI formats 0_X/1_X, such as additional zero padding for single-cell DCI formats, regardless of whether DCI formats 0_X/1_X have configured size or not. Also, it is not clear to us how an RRC configured size for DCI format 0_X/1_X can avoid the need to discuss the size of FDRA field or other DCI fields. We are open to discuss configured size for DCI format 0_X/1_X, but we think either such DCI size restrictions or general modifications to 38.212 in the presence of DCI formats 0_X/1_X are more essential issues and need to be discussed first. 

Furthermore, we basically agree with the FL comment above “The size is determined based on entire set of cells configured for multi-cell scheduling” and think this requires a formal RAN1 agreement, e.g., as we suggested earlier:

· The payload size of DCI format 0_X/1_X is same for all sets of co-scheduled cells.
· FFS: The payload size of DCI format 0_X can be different from the payload size of DCI format 1_X.


	Langbo
	Alt 2 is preferred.

	New H3C
	We prefer Alt.1

	NTT DOCOMO2
	We don’t see the strong need for RRC configuration of DCI format 0_X/1_X size. How to maintain the current DCI size budget, e.g., whether the size of format 0_X/1_X and legacy DCI format(s) need to be aligned, should be discussed separately.

	MTK
	With the explanation from moderator, we are fine with both Alt 1 and Alt 2.






Other related issues
	MediaTek
· [bookmark: OLE_LINK214][bookmark: OLE_LINK253]Proposal 1: RAN1 to consider both 1-segment and 2-segment DCI design (as shown in Figure 1) and compare their pros and cons to support R18 multi-cell PUSCH/PDSCH scheduling with a single DCI.
· [bookmark: OLE_LINK258]Proposal 12: For the 2-segment aggregated DCI, the 1st and 2nd segment DCI are decoded separately on the same scheduling cell. The 1st and 2nd segment DCI are then linked together to form one multi-cell scheduling DCI. The link procedure of 1st and 2nd segment DCI can be based on some designated DCI bit values of the 1st or 2nd segment DCI
· The 2nd segment is identified by one additional DCI bit for both 1st/2nd segment DCI (Ex. 0  1st segment, 1  2nd segment)
· The 1st and 2nd segments are linked if they are on the same scheduling cell and same slot/symbol
· [bookmark: OLE_LINK227]Among cells with bitmap value 1 in the 1st segment, scheduling information of the cell with lowest ServCellIndex is put in the 1st DCI segment.
· Add one additional IE SegmentId under SearchSpace to specify this search space is for 1st segment or 2nd segment
· The linked 1st segment and 2nd segment DCI should be “both DL scheduling DCIs” or “both UL scheduling DCIs”
· Use the CCE index formula in 38.213 10.1 to stagger the 1st DCI segment and 2nd DCI segment, where for the 2nd DCI segment, nCI is replaced by the corresponding RRC configuration, for example, under SearchSpace, or a predefined number; for the 1st DCI segment, nCI is set to zero.
· For 2-segment DCI, the short segment shares the same DCI length as fallback DCI (0_0 and 1_0, with potential zero padding), and the long segment shares a longer DCI length (with potential zero padding)
· Long DL segment size and long UL segment size can still be different





DCI field design

Based on contributions submitted by companies, below issues are prioritized for discussion in this meeting. Within each sub-section, the summary from moderator’s perspective is listed and followed by draft proposals for further discussion round by round. 

[bookmark: _Hlk111727714]DCI field types
	Huawei, HiSilicon
· Proposal 5: Fields in multi-cell scheduling DCI 1-X are advised to classify as follows:
· Type-1A: Enhanced Type 3 codebook indicator, HARQ-ACK retransmission indicator, Priority Indicator, Minimum applicable scheduling offset indicator, SCell dormancy indication, PDCCH monitoring adaptation indication, PUCCH Cell indicator.
· Type-2: Modulation and coding scheme, HARQ process number.
· Type-3: Time domain resource assignment, Frequency domain resource assignment, VRB-to-PRB mapping, Rate matching indicator, Bandwidth part indicator, Antenna port(s), SRS request, ZP CSI-RS trigger, PRB bundling size indicator, DMRS sequence initialization, Transmission configuration indication, UL/SUL indicator.
· Proposal 6: Fields in multi-cell scheduling DCI 0-X are advised to classify as follows:
· Type-1A: 1st downlink assignment index, 2nd downlink assignment index, Beta_offset indicator, UL-SCH Indicator, Priority indicator, Invalid symbol pattern indicator, Minimum applicable scheduling offset indicator, SCell dormancy indication, PDCCH monitoring adaptation indication, PUCCH Cell indicator.
· Type-2: Modulation and coding scheme, HARQ process number.
· Type-3: UL/SUL indicator, Bandwidth part indicator, Time domain resource assignment, Frequency domain resource assignment, Frequency hopping flag, TPC command for scheduled PUSCH, Second TPC command for scheduled PUSCH, SRS resource indicator (SRI), Precoding information and number of layers, Second Precoding information, Antenna port, SRS request, SRS offset indicator, CSI request, PTRS-DMRS association, DMRS sequence initialization, Open-loop power control parameter set indication.
· Proposal 7: Fields are not recommended to be included in multi-cell scheduling DCI:
· PDSCH group index, New feedback indicator, Number of requested PDSCH group(s), CBG transmission information, CBG flushing out information, Sidelink assignment index.

ZTE
· Proposal 2: Some fields should not be included in the MC-DCI.
· Proposal 3: Except for the fields that must be separately indicated (e.g., NDI, RV), 2 sub-groups can be designed for a configurable field, where each sub-group corresponds to one separate indication of this field.
· Proposal 4: The fields are categorized as below.
· Type-1 field: 
· Type-1A:HPN
· Type-1B:Indicator of co-scheduled cells
· Type-1C:CSI request
· Type-2 field: RV with 1 bit
· Type-3 field: PRB bundling size indicator, Rate matching indicator, ZP CSI-RS trigger, Antenna port(s), SRS request, DMRS sequence initialization, TPC for scheduled PUSCHs, Modulation and coding scheme, Bandwidth part indicator, Time domain resource assignment, Frequency domain resource assignment, VRB-to-PRB mapping, SRI
· Proposal 5: The frequency resource indication for the co-scheduled cells with different BWP sizes in the case of shared FDRA field should be specified.

Spreadtrum Communications
· Proposal 9: According to sub-group Type-3
· One cell in the configuration cells for co-scheduling always belongs to a same sub-group, for all the fields that is configured as sub-group type.
· Type-1A/1C can be used for each sub-field of sub-group Type-3, while Type-B cannot
· Size of bits in sub-group Type-3 depend on the maximum bit length of all cells in the cell group
· Proposal 10: Only support same priority of PUSCHs on multi-cells scheduled by one DCI0_X, and same priority of HARQ-ACK of PDSCHs on multi-cells scheduled by one DCI 1_X in Rel-18.
· Proposal 11: Priority indicator can be Type-1A, or not exist if only allows low priority scheduling.
· Proposal 12: The fields in DCI format 1_X are with the below type classification:
· Type-1 fields include below:
· Carrier indicator co-scheduled cells (Type-1B)
· Time domain resource assignment (Type-1B)
· Priority indicator (Type-1A or NA)
· Enhanced Type 3 codebook indicator (Type-1A) if eType-3 HARQ-ACK is supported
· PDCCH monitoring adaptation indication (Type-1C)
· Type-3 fields include below:
· Frequency resource related
· Frequency domain resource assignment
· VRB-to-PRB mapping 
· Rate matching indicator
· MIMO related:
· PRB bundling size indicator
· ZP CSI-RS trigger
· Antenna port(s)
· TCI
· SRS request
· CSI request
· DMRS sequence initialization
· SRS offset indicator
· Modulation and coding scheme
· HARQ process number
· Fields not needed or supported for multi-carrier scheduling include below:
· Bandwidth part indicator
· Second TPC command for scheduled PUCCH
· Transport block 2
· Modulation and coding scheme
· NDI
· RV
· CBG
· CBG transmission information
· CBG flushing information
· HARQ-ACK retransmission indicator
· Minimum applicable scheduling offset indicator
· SCell dormancy indication
· Proposal 13: The fields in DCI format 0_X are with the below type classification:
· Type-1 fields include below:
· Carrier indicator o/Indicator/bitmap of co-scheduled cells (Type-1B)
· Time domain resource assignment (Type-1B)
· Priority indicator (Type-1A or NA)
· PDCCH monitoring adaptation indication (Type-1C)
· Type-2 fields include below:
· TPC command for scheduled PUSCH (Type2)
· Type-3 fields include below:
· Frequency resource related
· Frequency domain resource assignment
· Frequency hopping flag
· MIMO related:
· SRS resource indicator
· Precoding information and number of layers
· Antenna port(s)
· SRS request
· SRS offset indicator
· CSI request
· PTRS-DMRS association
· DMRS sequence initialization
· Modulation and coding scheme
· HARQ process number
· beta offset indicator
· Fields not needed or supported for multi-carrier scheduling include below:
· DFI flag
· Bandwidth part indicator
· SRS resource set indicator
· Second SRS resource indicator
· Second Precoding information
· Second PTRS-DMRS association
· UL-SCH indicator
· Transport block 2
· Modulation and coding scheme
· NDI
· RV
· CBG
· CBG transmission information
· Invalid symbol pattern indicator
· Minimum applicable scheduling offset indicator
· SCell dormancy indication
· Open-loop power control parameter set indication

Vivo
· [bookmark: _Ref115451688]Proposal 4. DCI format 0_X/1_X includes
· Type-1A:
· Priority index at least for DL scheduling
· Type-1C
· CSI request
· Beta-offset
· Type-2 fields include:
· MCS
· Type-3 field: 
· FDRA
· TDRA
· VRB/PRB
· PRB bundling
· Rate matching
· SRS
· DMRS initialization
· [bookmark: _Ref102134271]Proposal 5. Scheduling granularity of FDRA can be scaled or determined considering the BW of all the scheduled cells to reduce DCI size.
· [bookmark: _Ref115451691]Proposal 6. The size of a field applying to one or more scheduled cells in a DCI format 0_X/1_X is determined based on the configuration of the corresponding co-scheduled cell(s), and/or the configuration of the scheduling cell. If multiple sizes for DCI format 0_X/1_X are obtained after determining each field size, DCI format 0_X/1_X with a smaller size should be zero-padded to align to the largest DCI format 0_X/1_X size among all the DCI format 0_X/1_X.

China Telecom:
· Proposal 1: Support co-scheduled UL cell configured with SUL for multi-cell PUSCH scheduling with a single DCI.
· Proposal 4: The following are considered for the design of frequency domain resource assignment field:
· Same resource allocation type for each of the cells to be co-scheduled.
· Larger RBG size based on the total bandwidth of all the BWPs of the cells to be co-scheduled, and one RBG mapped to a single cell for resource allocation type 0.
· Joint indication of the respective RIV for each of the cells to be co-scheduled, and configured resource allocation granularity for resource allocation type 1.
· Proposal 5: For bandwidth part indicator field, when it is configured to indicate different BWPs for the cells to be co-scheduled, for only one cell the initial BWP is supported to be indicated by the field.
· Proposal 6: In DCI format 0-X/1-X, the bits containing separate scheduling information of a type 2 or 3 field are mapped to cells or sub-groups of cells that can be co-scheduled according to the ServCellIndex increasing order, and the bits of the same field containing scheduling information for the different cells or sub-groups of cells are consecutive.

OPPO:
· Proposal 2: Common indication can be used for TDRA field. Legacy TDRA table or new TDRA table could be considered.
· Proposal 3: The same frequency domain resource allocation type from {Type-0 only, Type-1 only, dynamic switch} shall be configured for all cells potentially scheduled by one DCI, and the same type-0 or type-1 FDRA type should be used for all cells actually scheduled by one DCI.
· Proposal 4: FDRA field could be a shared DCI field (type-1 as agreed in RAN1 #109/#110). The bit size of this single FDRA field is determined by the maximum size of FDRA indication required across all the potentially scheduled cells.
· Proposal 5: MCS indication shall be separated for each scheduled PDSCH/PUSCH.
· Proposal 6: HARQ process number field could be a common indication for scheduled cells.
· Proposal 7: The DCI field for power control can be separated per scheduled cell.

CATT:
· Proposal 9: For DCI format 0_X/1_X, the fields of indication of co-scheduled cells, TDRA, HARQ process ID can be designed as Type-1A field.
· Proposal 10: For DCI format 0_X/1_X, the fields of MCS can be indicated by a reference MCS and (N-1) offset MCS via joint indication to indicate MCS for the co-scheduled cells, where N is the maximum number of co-scheduled cells.
· Proposal 11: The bitwidth of each NDI for a co-scheduled cell and each RV for a co-scheduled cell is 1 bit and 2 bits for each cell, respectively.
· Proposal 12: The following fields are suggested to be designed as type-3 field:
· The fields in DCI format 0_X: FDRA, frequency hopping flag, SRS indicator, precoding and layers, antenna port and PTRS-DMRS can be designed as Type-3 field. 
· The fields in DCI format 1_X: FDRA, VRB-to-PRB, PRB bundling size, rate matching indicator, antenna port and TCI state can be designed as Type-3 field.

Fujitsu:
· Proposal 1: At least the following DCI fields can be included in DCI format 1_X.
· Type-1
· Carrier indicator (indicator of scheduled cells)
· Type-2
· TB1: Modulation and coding scheme
· HARQ process number
· Type-3
· Bandwidth part indicator 
· Frequency domain resource assignment
· Time domain resource assignment
· VRB-to-PRB mapping
· PRB bundling size indicator
· Rate matching indicator
· ZP CSI-RS trigger
· Antenna port(s)
· Transmission configuration indication
· SRS request
· DMRS sequence initialization
· Proposal 2: At least the following DCI fields can be included in DCI format 0_X.
· Type-1
· [bookmark: OLE_LINK1]Carrier indicator (indicator of scheduled cells)
· CSI request
· beta_offset indicator
· UL-SCH indicator
· Type-2
· Modulation and coding scheme
· HARQ process number
· Type-3
· Bandwidth part indicator 
· Frequency domain resource assignment
· Time domain resource assignment
· Frequency hopping flag
· TPC command for scheduled PUSCH
· SRS resource indicator
· Precoding information and number of layers
· Antenna port(s)
· SRS request
· PTRS-DMRS association
· DMRS sequence initialization

Intel:
· Proposal 3
· Support Type-3 DCI field for multi-cell scheduling:
· Type-3 field: Common or separate to each of the co-scheduled cells, or separate to each sub-group, dependent on explicit configuration. 
· Proposal 4
· Type-1 DCI field for multi-cell scheduling at least includes 
· Time domain resource assignment
· BWP and cell index
· HARQ process number
· DMRS sequence initialization
· beta offset indicator
· CSI request
· Rate matching indicator
· ZP CSI-RS trigger
· VRB-to-PRB mapping
· SRS request
· Proposal 5
· For multi-cell scheduling, carrier indication field is included in the DCI to determine a set of carriers from a configured table. 
· Proposal 6
· For multi-cell scheduling, a row of the TDRA table can configure separate resource allocation in time for all the configured cells.
· Proposal 7
· Type-3 DCI field for multi-cell scheduling at least includes 
· Modulation and coding scheme
· Frequency domain resource assignment

CAICT:
· Proposal 1: Further enhancements are considered to overcome the scheduling restriction if CRC bit filed is designed as a type-1 field.
· Proposal 2: CRC bit filed in DCI format 0_X/1_X is considered as Type-1B field. Multiple predefined RNTIs are used to discriminate different scheduling modes of the scheduled PDSCH/PUSCH by DCI format 0_X/1_X.

Xiaomi:
· Proposal 9: The “Indicator of the co-scheduled cells” should be a type-1 DCI field and could be a type-1A or type-1B DCI field subject to the indication mechanism.
· Proposal 10: The “Frequency domain resource assignment” and “HARQ process number” should be type-2 DCI fields
· Proposal 11: The “CBGTI”, “CBGFI” and “Bandwidth part indicator” shouldn’t be included in a MC-DCI.
· Proposal 12: All other fields can belong to the type-3 DCI field.

Lenovo
· Proposal 3: BWP indicator in DCI format 0_X/1_X is separate for each of co-scheduled cells.
· Proposal 4: Frequency domain resource allocations for co-scheduled cells are joint indicated by FDRA field in DCI format 0_X/1_X by pointing to one FDRA combination from a RRC configured list. 
· Proposal 5: Time domain resource allocations for co-scheduled cells are joint indicated by TDRA field in DCI format 0_X/1_X by pointing to one TDRA combination from a RRC configured list.
· Proposal 6: VRB-to-PRB mapping, PRB bundling size indicator, and rate matching indicator in DCI format 0_X/1_X are shared or separate to co-scheduled cells dependent on RRC configuration.
· Proposal 7: Separate MCS fields are included in DCI format 0_X/1_X.
· Proposal 8: Separate HARQ process numbers are included in DCI format 0_X/1_X.
· Proposal 9: ZP CSI-RS trigger, Antenna port(s), TCI, SRS request, and DMRS sequence initialization in DCI format 0_X/1_X are shared or separate to co-scheduled cells dependent on RRC configuration.
· Proposal 10: Single bit priority indicator is included in DCI format 0_X/1_X indicating same priority for co-scheduled cells.
· Proposal 11: Single ChannelAccess-CPext is included in DCI format 0_X/1_X indicating same channel access information for co-scheduled cells.
· Proposal 12: PDCCH monitoring adaptation indication, PUCCH Cell indicator, Minimum applicable scheduling offset indicator, and SCell dormancy indication are excluded from DCI format 0_X/1_X.
· Proposal 13: CBGTI/CBGFI, PDSCH group index, new feedback indicator, and number of requested PDSCH groups are excluded from DCI format 0_X/1_X.

CMCC:
· Proposal 10. FDRA field can be configured as Type-1 field to reduce DCI size, and the following designing can be considered. 
· The FDRA field size can be determined by the minimum BWP size among BWPs of all co-scheduled cells.
· For resource allocation type 0, the common indication for bitmap and RBG size is used for all co-scheduled cells, and UE interprets the indication respectively to each scheduled cell with scaling factor K.
· For resource allocation type 1, the common indication of RIV is used for all co-scheduled cells, and the UE can interpret the indication respectively with the scaling factor K.
· Proposal 11. The fields in DCI format 1_X can be classified as the following:
· Type-1 fields include below:
· Type-1A fields:
· Identifier for DCI formats 
· Downlink assignment index 
· TPC for scheduled PUCCH 
· PUCCH resource indicator 
· Indication of scheduled cells
· PDSCH-to-HARQ_feedback time
· DMRS sequence initialization
· Frequency domain resource assignment
· Type-2 fields include below:
· Modulation and coding scheme
· New data indicator
· Redundancy version
· Type-3 fields include below:
· Bandwidth part indicator
· Time domain resource assignment
· VRB-to-PRB mapping
· PRB bundling size indicator
· Rate matching indicator
· ZP CSI-RS trigger
· HARQ process number
· Antenna port(s)
· Transmission configuration indication
· SRS request

FGI:
· Proposal 1: Adopt the type classification of DCI fields for DCI format 1_X in Table 1 and DCI format 0_X in Table 2.

LG:
· Proposal #4: Clarify and update the classification of DCI field types and details of each field type as the followings.
· Type-1C: A single field indicates an information to only one of co-scheduled cells, and a (predefined or preconfigured) default value is applied to other co-scheduled cells.
· Type-2 (& 3): The size of separate field per cell (or sub-group) is reduced compared to the case of single-cell scheduling to avoid increase of for multi-cell DCI payload size.
· Type-3: The cell sub-grouping is done per field (or field group) for scheduling (DCI) efficiency/ flexibility, based on all the configured cells (not per co-scheduled cell combination).
· Type-4 (new): This field is omitted in multi-cell scheduling case (in this case, a default value is applied to the scheduled cells), but it is present in single-cell scheduling case.
· Proposal #5: Classify each DCI field (in current DL/UL DCI format) as in Tables 1 and 2, based on the Type-1/2/3/4 field with clarifications/updates in Proposal #4.
· Need to consider and address the FFS points listed in “Note” column for some DCI fields in the Tables 1 and 2.
· Consider how to do the ordering of multiple fields corresponding to different cells or sub-groups in the multi-cell DCI.
· Proposal #6: Consider to limit the maximum number of co-scheduled TBs (e.g. to 4) for multi-cell PDSCH scheduling to avoid DCI size increase due to separate MCS/RV/NDI indication per TB.
· Proposal #7: Consider to define the maximum number of configured cells for multi-cell scheduling as UE capability considering trade-off between performance and complexity.

Apple:
· Proposal 9: MCS field belong to Type-2, with separate indication for each co-scheduled cell

Samsung:
· Proposal 4: Support the following fields in MC-DCI as Type-1 fields:
· Type-1A fields, such as: frequency hopping (FH), TCI state;
· Also, Type-3 field that are configured as cell-common (Type-1A), such as: TDRA, FDRA, antenna port (APs), SRI, TMPI.
· When TDRA is determined as Type-1A field, the MC-DCI indicates a same row index from corresponding legacy single-cell TDRA tables or new multi-cell TDRA tables.
· When FDRA is determined as Type-1A field, and the co-scheduled cells have active DL/UL BWPs with different size (i.e., different number of RBs), the UE determines the FDRA for each cell from corresponding LSBs of the FDRA field.
· Type-1B fields, such as: Rate matching indicator, aperiodic ZP CSI-RS, SRS request, TCI state;
· Also, Type-3 field that are configured as cell-specific and determined to be Type-1B, such as: TDRA.
· When TDRA is determined as a Type-1B field, the MC-DCI indicates a row index from a joint multi-cell TDRA table.
· Type-1C fields, such as: CSI request, UL-SCH, and beta offset.
· Note 1: Depending on the interpretation, “cell-set-level CIF” can be considered a Type-1A or Type-1B field, without any impact on the UE behavior.
· Note 2: When TCI state field is present in MC-DCI format, the corresponding value provides new indicated DL/UL/joint TCI state for future transmission/receptions (per Rel-17 unified TCI framework). 
· Proposal 5: Adopt HPN and MCS as additional Type-2 fields in an MC-DCI format.
· Also Type-3 fields that are configured as cell-specific and determined to be Type-2, such as, FDRA, SRI, TPMI;
· Support configurable size for RV, HPN, as well as Type-3 fields that are determined as Type-2, such as SRI and TPMI;
· Support differential indication for MCS.
· Proposal 6: Bits of Type-2 fields for non-scheduled cells, instead of being reserved, are used to improve scheduling/throughput by improving accuracy of values for Type-2 fields (e.g., FDRA) for scheduled cells.
· Proposal 7: Support the following parameters that are applicable to multi-cell scheduling without values in the MC-DCI:
· BWP-ID: per RRC configuration or follow the most recent active BWPs for the corresponding cells as indicated by SC-DCI formats (when indication in MC-DCI is not configured by RRC);
· UL/SUL indicator: per spec (e.g., only NUL) or per RRC configuration, or follow the most recent uplink carrier for the corresponding cell as indicated by an SC-DCI format;
· [bookmark: _Hlk115223533]TCI state: follow the indicated DL/ joint TCI state (per Rel-17 unified TCI framework) for the corresponding cell as indicated by an SC-DCI format (when indication in MC-DCI is not configured by RRC);
· DMRS sequence initialization: per RRC configuration;
· VRB-to-PRB bundling field, or PRB bundling size: per RRC configuration (when indication in MC-DCI is not configured by RRC);

Ericsson:
· [bookmark: _Toc115448711][bookmark: _Toc115419440]Proposal 11: For mc-DCI, at least the following fields should be applicable for each subgroup of cells scheduled by mc-DCI
· [bookmark: _Toc115419441][bookmark: _Toc115448712]TDRA
· [bookmark: _Toc115448713][bookmark: _Toc115419442]VRB-to-PRB mapping
· [bookmark: _Toc115419443][bookmark: _Toc115448714]PRB bundling size indicator
· [bookmark: _Toc115419444][bookmark: _Toc115448715]Rate matching indicator
· [bookmark: _Toc115448716][bookmark: _Toc115419445]ZP CSI-RS trigger
· [bookmark: _Toc115419446][bookmark: _Toc115448717]Antenna port(s)
· [bookmark: _Toc115419447][bookmark: _Toc115448718]Transmission configuration indication
· [bookmark: _Toc115448719][bookmark: _Toc115419448]DM-RS sequence initialization
· [bookmark: _Toc115419449][bookmark: _Toc115448720]BWP
· [bookmark: _Toc115448721][bookmark: _Toc115419450]Proposal 12: For each cell, support separate configuration of RBG size(s) used for PUSCH/PDSCH scheduling using mc-DCI.
· [bookmark: _Toc115448722][bookmark: _Toc115419451]Proposal 13: For frequency domain resource allocation (FDRA) using mc-DCI, support joint coding of individual RIVs of each cell to reduce overhead for FDRA type 1. 
· [bookmark: _Toc115419452][bookmark: _Toc115448723]Proposal 14: For mc-DCI, RV field size is explicitly configurable per cell (0/1/2 bits). 
· [bookmark: _Toc115419453][bookmark: _Toc115448724]Proposal 15: For mc-DCI, support joint coding of MCS indication for co-scheduled cells in a subgroup
· [bookmark: _Toc115448725][bookmark: _Toc115419454]MCS index for a first cell is five bits (Index 1), and for each of remaining cells in the subgroup, differential MCS index is indicated relative to the Index 1. 
· [bookmark: _Toc115419455][bookmark: _Toc115448726]For each of the remaining cells, up to 3 bits for differential MCS index, and the differential MCS offsets are configured by higher layers.

NTT DOCOMO:
· Proposal 3: The following DCI fields are not supported in the DCI format 0_X/1_X;
· UL/SUL indicator in DCI format 0_X
· CBGTI and CBGFI in DCI format 0_X/1_X
· Multi-TRP related fields
· Second TPC command for scheduled PUSCH in DCI format 0_X
· Second SRS resource indicator in DCI format 0_X
· Second Precoding information in DCI format 0_X
· Second PTRS-DMRS association in DCI format 0_X
· Second TPC command for scheduled PUCCH in DCI format 1_X
· Proposal 4: The following DCI fields in DCI format 0_X/1_X are Type-1A field;
· SCell dormancy indication
· Priority indicator
· PDCCH monitoring adaptation indication
· Indicator of co-scheduled cells (CIF)
· Proposal 5: HARQ process number in DCI format 0_X/1_X is Type-2 field.
· Proposal 6: The DCI fields in DCI format 0_X/1_X are Type-3 unless it is agreed as Type-1 or 2 field.

Qualcomm:
· Proposal 6:
· TDRA, BWP indicator, VRB-to-PRB, PRB bundling size, RM-indicator, ZP-CSI-RS indicator, TCI-state, DMRS sequence initialization, FH flag, beta-offset indicator, SRS request, priority indicator: joint indication: Type-1B
· Similar to TDRA for Rel-16/Rel-17 multi-slot PDSCH/PUSCH scheduling
· MCS: Type-3
· Configured ‘mcs-Table’ is the same for all the cells in the group
· ‘cqi-Table’ for the cells in the group is expected to be the same for appropriate link adaptation
· Consider up to 2 groups per DCI
· Antenna port(s), Precoder information and number of layer(s), SRS resource indicator, TPC for PUSCH: Type-3
· RRC parameters are configured so that the same look-up table is referred for the cells
· CSI reporting type/config for these cells are expected to be the same for appropriate link adaptation
· Allow 1 or 2 groups per DCI
· FDRA: Type-1B or Type-2
· Opt.1: Type-1B, where:
· Continuous RB indexing over the RBs of the multiple co-scheduled cells is introduced
· Type-0 and Type-1 for the continuous RB indexing over multiple cells is supported
· Opt.2: Type-2, where:
· For Type-0, larger RBG size is supported
· For Type-1, RBG-based RIV is used
· HARQ process indicator: Type-1A or Type-2
· HPID field is a common field for all the co-scheduled cells
· Consider to introduce a “HPID offset indication” for each cell
· SCell dormancy indicator, PDCCH monitoring adaptation, CSI request, UL-SCH indicator, PDCCH monitoring adaptation: Type-1A
· ChannelAcces-CPext, minimum K0/K2 offset: Type-1A
· UL/SUL indicator: Not included

Nokia:
· Proposal 4.2: RAN1 to discuss if the RRC parameters for DCI format 0_1/1_1 scheduling or the Rel-16 RRC parameters for DCI format 0_2/1_2 are reused for DCI formats 0_X/1_X operation, or if alternatively new separate configurations for DCI formats 0_X/1_X are introduced. 
· Proposal 4.3: Adopt the following DCI field types for DCI format 1_X assuming also monitoring for single cell DCI is supported: 
	DCI FIELDS OF FORMAT 1_X
	FIELD TYPE 
	COMMENTS

	Identifier for DCI formats
	Type 1A
	Agreed at RAN1#110

	Co-scheduled cell indicator
	Type 1B
	The assumption is this field would Points to Code point in a RRC configured table (see proposal 4.1)

	Bandwidth part indicator
	Type 1A
	This field could also be omitted if it is assumed that the multi cell scheduling is always scheduling the active BWP of the co-scheduled cells. 

	Frequency domain resource assignment
	Type 3
	Type 1 resource allocation with larger granularity (as supported for DCI format 1_2) can be considered. 

	Time domain resource assignment
	Type 3
	 

	VRB-to-PRB mapping
	Type 3
	 

	PRB bundling size indicator
	Type 3
	 

	Rate matching indicator
	Type 3
	 

	ZP CSI-RS trigger
	Type 2
	Separate field since a UE is not expected to receive more than one DCI with non-zero CSI request field per slot per cell. A UE is not expected to receive DCI with non-zero CSI request field within a cell group in a slot overlapping with any slot receiving DCI with non-zero CSI request field in the same cell 
group.

	TB1: Modulation and coding scheme
	Type 3
	Common could be useful e.g. for intra-band operation, whereas for inter-band operation clearly separate DCI field would be needed.  

	TB1: New data indicator
	Type 2
	 Agreed at RAN1#110

	TB1: Redundancy version
	Type 2
	 Agreed at RAN1#110

	TB2: Modulation and coding scheme
	Type 2
	 

	TB2: New data indicator
	Type 2
	 Agreed at RAN1#110

	TB2: Redundancy version
	Type 2
	 Agreed at RAN1#110

	HARQ process number
	Type 2
	

	Downlink assignment index
	Type 1A
	 Agreed at RAN1#110

	TPC command for scheduled PUCCH
	Type 1A
	Agreed at RAN1#110

	PUCCH resource indicator
	Type 1A
	Agreed at RAN1#110

	PDSCH-to-HARQ timing indicator
	Type 1A
	Agreed at RAN1#110

	One shot HARQ ACK request
	Type 1A
	Agreed at RAN1#110 

	Enhanced Type 3 codebook indicator 
	Type 1A
	Only a single k1 value can be indicated à only a single enh. Type 3 HARQ-ACK CB can be triggered

	HARQ-ACK retransmission indicator 
	Type 1A
	Only a single k1 value can be indicated à only a HARQ-ACK CB can be triggered for re-transmission

	Antenna port(s)
	Type 3
	 

	Transmission configuration indication
	Type 3
	 

	SRS request
	Type 3
	 

	DMRS sequence initialization
	Type 2
	 

	Priority indicator 
	Type 1A
	Same as k1, PRI, TPC for PUCCH, … 

	PDCCH monitoring adaptation indication 
	Type 1C
	Refers to the scheduling cell only 

	PUCCH Cell indicator 
	Type 1A 
	Same as k1, PRI, TPC for PUCCH, …



· Proposal 4.4: Adopt the following DCI field types for DCI format 0_X assuming also monitoring for single cell DCI is supported: 
	DCI FIELDS OF FORMAT 0_X
	FIELD TYPE 
	COMMENTS

	Identifier for DCI formats
	Type 1A
	Agreed at RAN1#110 

	Co-scheduled cell indicator
	Type 1B
	The assumption is this field would Points to Code point in a RRC configured table (see proposal 4.1)

	Frequency domain resource assignment
	Type 3
	Type 1 resource allocation with larger granularity (as supported for DCI format 0_2) can be considered. 

	Time domain resource assignment
	Type 3
	 

	Frequency hopping flag
	Type 3
	 

	Modulation and coding scheme
	Type 3
	Common could be useful e.g. for intra-band operation, whereas for inter-band operation clearly separate DCI field would be needed.  

	New data indicator
	Type 2
	Agreed at RAN1#110 

	Redundancy version
	Type 2
	Agreed at RAN1#110 

	HARQ process number
	Type 2
	 

	Downlink assignment index
	Type 1A
	Agreed at RAN1#110 
Note: Assumption here would be, that only a single HARQ-ACK codebook (and single PHY priority) is to be multiplexed on the set of scheduled PUSCHs. 

	TPC command for scheduled PUSCH
	Type 1C
	Interpretation is that this TPC command is applicable to the UL of the scheduling cell only. If the scheduling cell cannot be scheduled by the multi-cell DCI, the TPC field is not present. 

	SRS resource indicator
	Type 1C
	Interpretation is that the SRI is applicable to the UL of the scheduling cell only

	Precoding information and number of layers
	Type 3
	Common (e.g. for intra-band UL CA) or cell specific depending on the scenario. 

	Antenna ports
	Type 3
	Common (e.g. for intra-band UL CA) or cell specific depending on the scenario.

	SRS request
	Type 1C
	Interpretation is that the SRS request is applicable to PUSCH of the first scheduled cell only

	SRS offset indicator
	Type 1C
	Interpretation is that the CSI request is applicable to PUSCH of the first scheduled cell

	CSI request
	Type 1C
	Interpretation is that the CSI request is applicable to PUSCH of the first scheduled cell (i.e. the first in the table row)
We don’t see a need to trigger more than one CSI request in a triggering DCI. 

	PTRS-DMRS association
	Type 3
	 

	beta_offset indicator
	Type 1A
	Same as the DAI

	DMRS sequence initialization
	Type 1A
	

	Open-loop power control parameter set indication
	Type 1A
	To be aligned with PHY priority indicator definition (same PHY priority, same OL TPC parameter sets).

	Priority indicator
	Type 1A
	Same as DAI (only single DAI meaning single priority only)

	Invalid symbol pattern indicator
	Type 1A
	

	PDCCH monitoring adaptation indication
	Type 1C
	Applies to the scheduling cell only. 







Moderator summary and proposals based on contributions

Regarding DCI field type classification, RAN1#110 reached below agreement:
	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.

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



In RAN1#110bis meeting, regarding the DCI field types, companies’ views are summarized in below Table 1 and Table 2.

Table 1: DCI field types for DCI format 1_X (“√” means the field has been agreed in previous meeting)
	DCI FIELDS 
	Type 1A
	Type 1B
	Type 1C
	Type 2
	Type 3
	Omitted 

	Identifier for DCI formats
	√
	
	
	
	
	

	Indicator of co-scheduled cells
	CATT, Fujitsu, Intel, xiaomi, CMCC, FGI, LG, Samsung, DCM,
	ZTE, SPRD, xiaomi, Lenovo, Samsung, Nokia
	
	
	
	

	Bandwidth part indicator
	Intel, Nokia
	QC,
	LG,  
	Lenovo, 
	HW, ZTE, Fujitsu, CMCC, Ericsson,  
	SPRD, xiaomi, FGI, LG, Samsung,

	Frequency domain resource assignment
	OPPO, CMCC, LG,  
	Lenovo,
	
	xiaomi, FGI,  
	HW, ZTE, SPRD, vivo, CATT, Fujitsu, Intel, LG, Samsung, Nokia 
	

	Time domain resource assignment
	OPPO, CATT, Intel,
	SPRD, OPPO, Lenovo, FGI, LG, QC,  
	
	
	HW, ZTE, vivo, Fujitsu, CMCC, LG, Samsung, Ericsson, Nokia 
	

	VRB-to-PRB mapping
	Intel, FGI,  
	QC,
	LG,
	
	HW, ZTE, SPRD, vivo, CATT, Fujitsu, Lenovo, CMCC, Ericsson, Nokia 
	Samsung,

	PRB bundling size indicator
	
	QC,
	LG,
	
	HW, ZTE, SPRD, vivo, CATT, Fujitsu, Lenovo, CMCC, FGI, Ericsson, Nokia
	Samsung,

	Rate matching indicator
	Intel,
	Samsung, QC,
	LG,
	
	HW, ZTE, SPRD, vivo, CATT, Fujitsu, Lenovo, CMCC, FGI, Ericsson, Nokia
	

	ZP CSI-RS trigger
	Intel,
	Samsung, QC,
	LG,
	Nokia
	HW, ZTE, SPRD, Fujitsu, Lenovo, CMCC, FGI, Ericsson, 
	

	TB1: Modulation and coding scheme
	LG,
	CATT,
	
	HW, vivo, OPPO, Fujitsu, xiaomi, Lenovo, CMCC, Apple, Samsung, QC,
	ZTE, SPRD, FGI, Intel, LG, Nokia
	

	TB1: New data indicator
	√
	
	
	
	
	

	TB1: Redundancy version
	√
	
	
	
	
	

	TB2: Modulation and coding scheme
	
	
	
	Samsung,
	FGI,  
	SPRD,

	TB2: New data indicator
	√
	
	
	
	
	SPRD,

	TB2: Redundancy version
	√
	
	
	
	
	SPRD,

	HARQ process number
	ZTE, OPPO, CATT, Intel, LG, QC,
	
	
	HW, Fujitsu, Samsung, DCM, QC, Nokia
	SPRD, CMCC, FGI, LG,
	

	Downlink assignment index
	√
	
	
	
	
	

	TPC command for scheduled PUCCH
	√
	
	
	
	
	

	Second TPC command for scheduled PUCCH
	
	
	
	
	
	SPRD, DCM,

	PUCCH resource indicator
	√
	
	
	
	
	

	PDSCH-to-HARQ timing indicator
	√
	
	
	
	
	

	One shot HARQ ACK request
	√
	
	
	
	
	

	Enhanced Type 3 codebook indicator 
	HW, SPRD, FGI, Nokia
	
	
	
	
	Samsung,

	HARQ-ACK retransmission indicator 
	HW, Nokia
	
	
	
	
	SPRD, FGI, Samsung, OPPO

	Antenna port(s)
	
	
	
	LG,
	HW, ZTE, SPRD, CATT, Fujitsu, Lenovo, CMCC, FGI, LG, Samsung, Ericsson, QC, Nokia
	

	Transmission configuration indication
	Samsung,
	LG, Samsung, QC,
	
	LG,
	HW, SPRD, CATT, Fujitsu, Lenovo, CMCC, FGI, Ericsson, Nokia 
	Samsung,

	SRS request
	Intel,
	Samsung,
	FGI, LG,
	
	HW, ZTE, SPRD, vivo, Fujitsu, Lenovo, CMCC, Nokia 
	

	DMRS sequence initialization
	Intel, CMCC,  
	QC,
	LG,
	Nokia
	HW, ZTE, SPRD, vivo, Fujitsu, Lenovo, FGI, Ericsson, 
	LG, Samsung,

	Priority indicator 
	HW, SPRD, vivo, Lenovo, FGI, LG, DCM, Nokia
	
	
	
	
	SPRD,

	PDCCH monitoring adaptation indication 
	HW, DCM, QC,
	
	SPRD, FGI, Nokia
	
	
	Lenovo, Samsung,

	PUCCH Cell indicator 
	HW, FGI, Nokia 
	
	
	
	
	Lenovo,

	Minimum applicable scheduling offset indicator
	HW,
	
	LG,
	
	
	SPRD, Lenovo, FGI, LG, Samsung,

	SCell dormancy indication
	HW, DCM, QC,
	
	
	
	
	SPRD, Lenovo, FGI, LG, Samsung,

	PDSCH group index
	
	
	
	
	
	HW, Lenovo, Samsung,

	New feedback indicator
	
	
	
	
	
	HW, Lenovo, Samsung,

	Number of requested PDSCH group(s)
	
	
	
	
	
	HW, Lenovo, Samsung,

	CBG transmission information
	
	
	
	
	
	HW, SPRD, xiaomi, Lenovo, FGI, Samsung, DCM,

	CBG flushing out information
	
	
	
	
	
	HW, SPRD, xiaomi, Lenovo, FGI, Samsung, DCM,   

	ChannelAccess-CPext
	Lenovo, LG, Samsung, QC,
	
	
	
	
	FGI,  







Table 2: DCI field types for DCI format 0_X(“√” means the field has been agreed in previous meeting)
	DCI FIELDS OF FORMAT 0_X
	Type 1A
	Type 1B
	Type 1C
	Type 2
	Type 3
	Omitted 

	Identifier for DCI formats
	√
	
	
	
	
	

	Indicator of co-scheduled cells
	CATT, xiaomi, Fujitsu, FGI, LG, Samsung, DCM,
	ZTE, SPRD, xiaomi, Lenovo, Samsung, Nokia
	
	
	
	

	DFI flag
	
	
	
	
	
	SPRD, FGI,  

	BWP indicator
	
	
	LG,
	Lenovo,
	HW, ZTE, Fujitsu,
	SPRD, xiaomi, FGI, LG, Samsung,  

	Frequency domain resource assignment
	OPPO, LG,
	Lenovo, QC,
	
	xiaomi, FGI, QC,
	HW, ZTE, SPRD, vivo, CATT, Fujitsu, Intel, LG, Samsung, Nokia
	

	Time domain resource assignment
	OPPO, CATT,
	SPRD, OPPO, FGI, LG,
	
	Lenovo,
	HW, ZTE, vivo, Fujitsu, LG, Samsung, Nokia
	

	Frequency hopping flag
	Samsung,
	QC,
	LG,
	
	HW, SPRD, CATT, Fujitsu, Lenovo, FGI, Nokia 
	LG,

	Modulation and coding scheme
	LG,
	CATT,
	
	HW, vivo, OPPO, Fujitsu, xiaomi, Apple, Lenovo, Samsung, QC,
	SPRD, Intel, FGI, LG, Nokia
	

	New data indicator
	√
	
	
	
	
	

	Redundancy version
	√
	
	
	
	
	

	HARQ process number
	ZTE, OPPO, CATT, LG, QC,
	
	
	HW, Fujitsu, Lenovo, Samsung, DCM, QC, Nokia
	SPRD, FGI, LG, 
	

	Downlink assignment index
	√
	
	
	
	
	

	TPC command for scheduled PUSCH
	
	
	LG,
	SPRD, OPPO, Nokia
	HW, ZTE, Fujitsu, FGI, Samsung, QC,
	

	Second TPC command for scheduled PUSCH
	
	
	
	
	HW,
	DCM,

	Precoding information and number of layers
	
	
	
	LG,
	HW, SPRD, CATT, Fujitsu, FGI, LG, Samsung, QC, Nokia
	

	Second Precoding information
	
	
	
	
	HW,
	SPRD, Samsung, DCM,

	Antenna ports
	
	
	
	LG,
	HW, SPRD, CATT, Fujitsu, FGI, LG, Samsung, QC, Nokia
	

	SRS request
	
	Samsung, QC,
	LG, Nokia
	
	HW, ZTE, SPRD, vivo, CATT, Fujitsu, Lenovo, FGI,  
	

	SRS resource indicator
	
	LG,
	Nokia
	LG,
	HW, ZTE, SPRD, Fujitsu, FGI, Samsung, QC,
	

	SRS offset indicator
	
	
	Nokia
	
	HW, SPRD,
	FGI,  

	SRS resource set indicator
	
	
	
	
	
	SPRD, Samsung,

	Second SRS resource indicator
	
	
	
	
	
	SPRD, Samsung, DCM,

	CSI request
	Intel, Samsung, QC,
	
	ZTE, vivo, Fujitsu, FGI, LG, Samsung, Nokia
	
	HW, SPRD,
	

	PTRS-DMRS association
	
	
	LG,
	LG,
	HW, SPRD, CATT, Fujitsu, FGI, Nokia  
	Samsung,

	Second PTRS-DMRS association
	
	
	
	
	
	SPRD, Samsung, DCM,

	beta_offset indicator
	HW, Intel, Samsung, Nokia
	QC,
	vivo, Fujitsu, FGI, LG, Samsung,
	
	SPRD, FGI,  
	

	DMRS sequence initialization
	Nokia
	
	LG,
	
	HW, SPRD, vivo, Fujitsu, FGI,  
	LG, Samsung,

	Open-loop power control parameter set indication
	Nokia
	
	LG,
	
	HW, FGI,  
	SPRD,

	Priority indicator
	HW, SPRD, Lenovo, FGI, LG, DCM, Nokia
	QC,
	
	
	
	SPRD,

	Invalid symbol pattern indicator
	HW, FGI, Samsung, Nokia
	
	LG,
	
	
	SPRD,

	PDCCH monitoring adaptation indication
	HW, DCM, QC,
	
	SPRD, FGI, Nokia 
	
	
	Lenovo, Samsung,

	UL-SCH indicator
	HW, Samsung, QC,
	
	Samsung,
	
	
	SPRD,

	Minimum applicable scheduling offset indicator
	HW,
	
	LG,
	
	
	SPRD, Lenovo, FGI, LG, Samsung,

	SCell dormancy indication
	HW, DCM,
	
	
	
	
	SPRD, Lenovo, FGI, LG, Samsung,

	UL/SUL indicator
	
	
	Fujitsu, FGI,  
	
	HW,
	FGI, LG, Samsung, DCM, QC,

	CBGTI
	
	
	
	
	
	SPRD, Lenovo, FGI, DCM,   

	ChannelAccess-CPext
	Lenovo, LG, Samsung, QC,
	
	
	
	LG,
	FGI,  

	Sidelink assignment index
	
	
	
	
	
	HW, Samsung,




Firstly, based on guidance from RAN#97 and agreement reached in RAN1#110 meeting as shown in below, enhanced Type-2 HARQ-ACK codebook, CBG-based transmission, multi-TRP and sidelink relevant fields should be excluded from DCI format 0_X/1_X. 
	Agreement
UE does not expect to be configured both CBG-based PDSCH/PUSCH transmission and the multi-cell PDSCH/PUSCH scheduling on the same or different cells within a same PUCCH group.

Conclusion:
· Deprioritize any optimization for unlicensed spectrum operation for designing the multi-cell PUSCH/PDSCH scheduling in Rel-18.
· Enhanced Type-2 HARQ-ACK codebook is not supported for the multi-cell PUSCH/PDSCH scheduling in Rel-18.

Conclusion:
· Followings are excluded from multi-cell PDSCH/PUSCH scheduling in Rel-18.
· SCell schedules multiple cells including P(S)Cell
· Different SCS among co-scheduled cells
· Different carrier type (licensed or unlicensed, FR1 or FR2-1 or FR2-2) among co-scheduled cells
· Configuration of both multi-cell PDSCH/PUSCH scheduling and multi-TRP for a scheduled cell
· Support for any sidelink scheduling




Hence, Proposal 3-1 is provided to exclude such fields.


Secondly, considering DCI format 0_X/1_X is aiming at multi-cell scheduling for improving data rate and simultaneous monitoring legacy DCI formats and DCI format 0_X/1_X is supported, the DCI fields for other purposes can be realized via legacy DCI formats and should not be considered as much as possible to simplify DCI format 0_X/1_X design and reduce DCI format 0_X/1_X payload size. In that sense, below fields can be excluded from DCI format 0_X/1_X.
· DFI flag
· PDCCH monitoring adaptation indication
· HARQ-ACK retransmission indicator
· PUCCH Cell indicator
· Minimum applicable scheduling offset indicator
· SCell dormancy indication
· UL/SUL indicator 
Hence, Proposal 3-2 is provided to exclude such fields. 

Regarding Indicator of co-scheduled cells, it is to be discussed in next sub-section.

Thirdly, based on above summary, majority companies consider below fields are Type-1 fields:
· Indicator of co-scheduled cells
· Priority indicator
· beta offset indicator
· CSI request
· ChannelAccess-CPext
· UL-SCH indicator
· Invalid symbol pattern indicator

Majority companies consider below fields are Type-2 fields:
· MCS
· HARQ process number

Majority companies consider below fields are Type-3 fields:
· Bandwidth part indicator 
· Frequency domain resource assignment
· Time domain resource assignment
· VRB-to-PRB mapping
· PRB bundling size indicator
· Rate matching indicator
· ZP CSI-RS trigger
· Antenna port(s)
· Transmission configuration indication
· SRS request
· DMRS sequence initialization
· Frequency hopping flag
· TPC command for scheduled PUSCH
· Precoding information and number of layers
· SRS resource indicator
· SRS offset indicator
· PTRS-DMRS association
· Open-loop power control parameter set indication

Since different companies have different preference, moderator suggests reaching consensus on Type-1 and Type-2 fields firstly and leave remaining fields as Type-3. So, Proposal 3-3 is provided for 1st round of discussions.

Regarding the field of time domain resource assignment, 9 companies [Spreadtrum, OPPO, CATT, Intel, Lenovo, LG, FGI, Samsung, Qualcomm] propose using legacy Rel-17 multi-slot scheduling method, i.e., time domain resource allocations for co-scheduled cells are joint indicated by TDRA field in DCI format 0_X/1_X by pointing to one row of a RRC configured TDRA table, similar to regard TDRA as Type-1B field. Nine companies [Huawei, ZTE, vivo, Fujitsu, CMCC, LG, Samsung, Ericsson, Nokia] propose Type-3 field for TDRA without details shown when TDRA is configured as a common field to co-scheduled cells.
Since TDRA field is relevant to Type-1 HARQ-ACK codebook design, moderator suggests following Rel-17 multi-PDSCH scheduling to design TDRA for Rel-18 multi-cell scheduling. Proposal 3-4 is provided for 1st round of discussion. 

1st round of discussions

Proposal 3-1:
· At least below fields are excluded from DCI format 1_X/0_X:
· CBGTI
· CBGFI
· PDSCH group index
· New feedback indicator
· Number of requested PDSCH group(s)
· Sidelink assignment index
· Second TPC command for scheduled PUSCH 
· Second SRS resource indicator 
· Second Precoding information 
· Second PTRS-DMRS association 
· Second TPC command for scheduled PUCCH 


Companies are encouraged to provide comments in the table below.
	Company
	Comment

	MTK
	Support

	Qualcomm
	We are OK with the proposal.

	Nokia, NSB
	Support

	Apple
	Support

	Langbo
	Support

	Huawei, HiSilicon
	Support

	Intel
	We support the proposal. 

	ZTE
	We support this proposal since the corresponding features cannot be configured together with multi-cell scheduling.

	CMCC
	Support

	New H3C
	Support

	Fujitsu
	Support

	CATT
	Support

	vivo
	We support the proposal. 

	LGE
	Support

	Samsung
	OK with the proposal

	Spreadtrum
	Support

	Xiaomi
	Support

	NTT DOCOMO
	Support

	ITRI
	Support

	OPPO
	Support




Proposal 3-2:
· At least below fields are excluded from DCI format 1_X/0_X:
· DFI flag
· PDCCH monitoring adaptation indication
· HARQ-ACK retransmission indicator
· PUCCH Cell indicator
· Minimum applicable scheduling offset indicator
· [bookmark: OLE_LINK445]SCell dormancy indication
· UL/SUL indicator 


Companies are encouraged to provide comments in the table below.
	Company
	Comment

	MTK
	Support

	Qualcomm
	We prefer to discuss these fields a bit more carefully. 
First of all, we have to conclude whether the UE monitors legacy DCI formats for all the CCs in the scheduled-CC-set by a DCI format 0_X/1_X. 
In addition, some of the fields do not require specific work to support (e.g., PUCCH cell indicator, PDCCH monitoring adaptation, etc). Not sure why these have to be excluded.


	Nokia, NSB
	Partially Support. 
1. We think the dynamic PUCCH cell switching should still be supported (so the PUCCH cell indicator should be there / supported) – as also pointed out by QC. 
2. If we don’t support HARQ-ACK re-transmission triggering with the DCI (where the MCS field is used for some indication in addition), would we then not support Type 3 HARQ-ACK codebook triggering as well (or at least not the enh. Type 3 HARQ-ACK codebook triggering – as the same issues with the MCS field usage will be there as for the HARQ-ACK re-transmission triggering). 



	Apple
	Fine to support the proposal

	Langbo
	Support

	Huawei, HiSilicon
	We understand Moderator consideration about legacy DCI use. However, if we go with such direction, it means the design of multi-carrier DCI encourages the use of legacy DCI simultaneously. From our point of view, have such function is more about insurance that when something cannot be realized by the multi-carrier DCI, we still have legacy DCI can be scheduled, so the network performance will not be restricted. 
In this sense, we should actually try to include as much as possible of the current DCI fields unless that: 1) it requires additional spec work so has to be used by legacy DCI; 2) it significantly increase the DCI size that could penalize the multi-carrier DCI performance.  
Based on the above, we think the current proposal require a bit more considerations. 
Actually, as we commented in the last meeting, if we just agree on Proposal 3-1 and leave others to network or as one of Type 1 or Type 3, the discussion may be simpler. We can make working assumption as such and see whether the inclusion of other fields will cause significant additional specification work, if so, we could try to eliminate those at that time when needed.

	Intel
	We are fine with the proposal. We do not think optimization is needed given the limited TU.

	ZTE
	We support this proposal.

	Moderator
	@Qualcomm:
The intention is to simplify the multi-cell DCI design including only the necessary fields.

@Nokia:
OK to defer the discussion on PUCCH cell switching.
Since we have agreed One-shot HARQ-ACK request indicator in DCI format 1_X, Type 3 CB can be supported as well. For eType-3 CB, if supported, explicit indicator needs to be included in DCI 1_X. 
HARQ-ACK retransmission indicator if supported, MCS is reused, which impacts on data scheduling. So I propose not include it.

@Huawei:
Yes, we can leave some non-Type1/2 fields as Type 3 for gNB implementation. My thinking is if we can exclude some fields, then it is easier for gNB not to consider the fields during the configuration.
 

	CMCC
	We think that UL/SUL indicator should not be precluded, since SUL can be supported for multi-cell PDSCH/PUSCH scheduling.

	New H3C
	Support

	Fujitsu
	Support

	CATT
	Support

	vivo
	We support the proposal. 

	LGE
	Support only for the case when the DCI 1_X/0_X schedules multiple cells.
Otherwise, in case when the DCI 1_X/0_X schedules only one cell, there is no reason to exclude the above fields from the DCI 1_X/0_X.

	Samsung
	OK with the proposal. 
It would be preferable to focus the discussion on the purposes of the WID instead of trying to include non-core functionalities, at least at this time. For example, the PUCCH cell switching mentioned by other companies was introduced for latency reduction in URLLC and has very limited applicability (and, even then, there is no PUSCH latency reduction) – that is not needed for eMBB. We’re generally OK with introducing non-core functionalities to MC-DCI but would be good to focus on the main design and not be distracted by them at this stage

	Spreadtrum
	Support

	NTT DOCOMO
	We share the same view with HW that the field(s) can be included in the DCI format 0_X/1_X as long as it does not require optimization to support and significantly impact to DCI size. Thus, if there is no strong concern to support, we are fine to include these field depending on the gNB implementation.

	Ericsson1
	At least SCell dormancy, PDCCH monitoring adaptation indication should be supported in DCI 1_X/0_X.

	Qualcomm
	We tend to agree with Huawei. We still fail to understand why excluding many of the above fields can simplify the design. It encourages use of legacy DCI formats more, which increases the UE complexity. 
In principle, we think if monitoring legacy DCI formats for all of the scheduled CCs as in legacy, there is no benefit/incentive for a UE to support multi-cell scheduling. It just increases the complexity much. A solution should offer benefit for both NW and UE.

	Moderator2
	@All: The proposal is updated as below:
Proposal 3-2rev1:
· At least below fields are excluded from DCI format 1_X/0_X:
· DFI flag
· PDCCH monitoring adaptation indication
· HARQ-ACK retransmission indicator
· PUCCH Cell indicator
· Minimum applicable scheduling offset indicator
· SCell dormancy indication
· UL/SUL indicator 


	Nokia / NSB
	We still don’t get, why the DCI format 1_X is able to triggering the Type-3 HARQ-ACK CB (support the triggering based on RAN1#110) but don’t support the HARQ-ACK re-transmission triggering. As both are there basically for the same purpose (i.e. retrieve lost HARQ information) it is unclear to us why to treat them differently here (as both are 1 bit triggers in the first place). As 

	Qualcomm
	Agree with Nokia. 

	LGE
	One clarification to FL’s formulation.
Are the above fields excluded from DCI 1_X/0_X even in case when the DCI schedules only one cell? If yes, why those are to be excluded even though the inclusion of those fields doesn’t increase DCI payload size? 
As done for the multi-TTI scheduling in Rel-17, it is straightforward that all the fields are included as in legacy if the DCI schedules only one PDSCH/PUSCH.

	Moderator3
	@Nokia @Qualcomm:
When HARQ-ACK re-transmission is triggered, the MCS field is used for retransmission slot indication. Since DCI 0-X/1-X is mainly used for data scheduling, it is better to no t reuse MCS or FDRA field for other purpose.

@LG:
Thanks for the good comments. Now I make update on the proposal:
Proposal 3-2rev2:
· At least below fields are excluded from DCI format 1_X/0_X which schedules more than one cell:
· DFI flag
· PDCCH monitoring adaptation indication
· HARQ-ACK retransmission indicator
· PUCCH Cell indicator
· Minimum applicable scheduling offset indicator
· SCell dormancy indication
· UL/SUL indicator 


	Intel
	We can live with the proposal. 

	Nokia/NSB
	Thanks to moderator for the reply on the MCS field usage for the HARQ re-tx. 
Please note that for enh. Type 3 CB there is the MCS field re-use issues as well. 
So do we then only support R16 Type 3 triggering (but no R17 enh. Type 3) triggering then with 1_X (based on the argumentation, FDRA or MCS field should not be used otherwise)?


	Moderator4
	@Nokia:
I think this proposal doesn’t exclude eType-3 if Enhanced Type 3 codebook indicator which having 0, 1, 2, or 3 bit is included in DCI 1_X.

	OPPO
	We are a bit confused by the updated proposal 3-2rev2, which says the existence of certain fields depends on the actual number of scheduled cells. But in order to know the actual number of scheduled cells, UE needs to know the DCI size which in turn depends on whether the corresponding fields do exist. It seems the determination logic runs in circle.  

	NTT DOCOMO2
	We can support the updated proposal.

	MTK
	[bookmark: OLE_LINK559]The argument from Huawei seems valid to us, and the suggestion from DOCOMO to leave the presence of these additional function field to gNB implementation seems like a good idea. 
We are fine with Proposal 3-2rev2. If there are other controversial fields, we can also just remove them and leave them to gNB implementation.

	Qualcomm
	Agree with OPPO. 

	Moderator5
	@OPPO @QC:
Before checking the indicator of co-scheduled cells, UE has to determine the payload size of DCI 0-X/1-X firstly based on the maximum size for the set of cells as discussed in DCI size determination part. Upon detection of the DCI, then UE check indicator of co-scheduled cells to get the info of number of scheduled cells.
This is similar to what we have done in Rel-16/17 multi-PUSCH scheduling: CBGTI is present if the DCI schedules a single PUSCH and not present if DCI schedules more than one PUSCH. UE can know the number of scheduled PUSCHs after checking TDRA field.





Proposal 3-3:
· For DCI format 1_X/0_X, 
· Type-1 fields at least include below:
· Type-1A:
· Priority indicator
· Invalid symbol pattern indicator
· ChannelAccess-CPext
· UL-SCH indicator
· Type-1B fields at least include below:
· Indicator of co-scheduled cells
· Type-1C fields at least include below:
· beta offset indicator
· CSI request
· Type-2 fields at least include below:
· MCS
· HARQ process number
· FFS: Other fields

Companies are encouraged to provide comments in the table below.
	Company
	Comment

	MTK
	Support

	Qualcomm
	We need to discuss and clarify how RRC parameters are provided for DCI 0_X/1_X based scheduling. 

Take “Priority indicator” as an example of Type-1A. Is it proposed here to introduce new RRC parameters “priorityIndicatorDCI-1-X” and “priorityIndicatorDCI-0-X” such that the priority of PDSCHs or PUSCHs scheduled by a DCI format 0_X or 1_X follow the indication? Or, the priority indicator field in DCI 0_X/1_X follows the existing RRC parameters (e.g., priorityIndicatorDCI-1-0 and priorityIndicatorDCI1-1) configured to each CC in the scheduled-CC-set? Same clarification is necessary for Invalid symbol pattern indicator, beta-offset indicator, CSI request and MCS. 


	Nokia, NSB
	Fine with the intention – but a question for clarification on UL-SCH indicator: we are fine to only have a single field present (i.e. Type 1), but with Type 1A it is a bit unclear to us why the gNB would scheduled multiple PUSCHs and then indicate for all of them UL-SCH to be not present?
And as QC pointed out, we will still need to clarify e.g. for the priority indicator which RRC configuration is used / applied here. 

	Apple
	In principle, fine with the proposal, but agree with QC that clarification on RRC configuration for DCI format 0_X/1_X should be discussed. This could be discussed separately 

	Langbo
	We are generally fine with the proposal, but as pointed out by other companies that further clarifications are needed.

	Intel
	We have similar concern on the RRC configuration and whether UL-SCH indicator is for Type 1A. 
For MCS, we prefer to consider this for Type 3. Different sub-group may have different channel conditions, so it would be more desirable to signal MCS for the cells in the same sub-group. 
For HPN, we think same HPN would be sufficient for multi-cell scheduling to save payload size, but we are fine with this if majority supports. 

	ZTE
	We also think CSI request is classified as Type-1Csince only A-CSI can be transmitted only on one cell at a time according to the current spec. The UL-SCH indicator should also be Type-1C since it is used for CSI request. 
ChannelAccess-Cpext should not be included since unlicensed band should be de-prioritized. 
The HPN field should be shared by the co-scheduled cells. Each cell has a HARQ entity. All the co-scheduled cells can share the same HPN.
The MCS should be classified as Type-3. The network can configure whether it shared or separate. In some cases, the shared MCS can be applied. For example, in the factory industry, the interferences are the same between the cells. 
For invalid symbol pattern indicator, we think it should be Type-3 since invalid symbol pattern is configured per cell. The network can configure whether it is shared or separate according to the invalid symbol pattern configuration for each cell.

	Moderator
	@Qualcomm:
The intention is to just include a single bit priority indicator in MC DCI. 
As for detailed RRC configuration, I don’t have preference now but think new parameters are OK.

@Nokia:
Ok to list UL-SCH as Type-1C.

@Intel @ZTE:
Ok to list UL-SCH as Type-1C.
HARQ is managed per cell. It is too restrictive if only a same HPN is used for co-scheduled cells.
Same MCS may lead performance degradation. It is better to set MCS as Type 2 as what 2 TB case does.



	CMCC
	We are fine with the Type-2 fields listed above, while Type-1 fields may need more clarification, which can be further discussed.

	Fujitsu
	For RRC configuration, we are open to reusing the legacy RRC parameter or introducing new RRC parameter. It can be separately discussed.
For UL-SCH indicator, we think it should be Type-1C. And it should apply to the same cell as CSI request, because it is used to indicate whether the PUSCH with CSI would carry UL-SCH data as well or not.

	CATT
	We are ok with the proposal 3-3, expect for the field of MCS.
Consider the channel conditions of scheduled cells for intra-band CA are practically same, the ‘differential/offset indication’ can be used for MCS indication. The MCS of one cell is used as a reference MCS, and the MCS of other cells are indicated by the differential/offset to reference MCS. The bitwidth of the field of MCS indication can be reduced compared to regarding as type-2 fields. 

	Vivo
	We have similar concern on whether invalid symbol pattern indicator is for Type 1A. why all PUSCHs should consider the invalid symbol pattern if invalid symbol pattern is configured per cell？
It has been agreed that any optimization for unlicensed spectrum operation should be deprioritized in RAN#97. If ChannelAccess-Cpext is for type1A, does it mean that the default field type without optimization in mc-DCI is type-1A? if yes, it seems that all the other unlicensed spectrum operation related field should also be type-1A.
We are ok with the following part of the proposal:
· Type-1B fields at least include below:
· Indicator of co-scheduled cells
· Type-1C fields at least include below:
· beta offset indicator
· CSI request
· Type-2 fields at least include below:
· MCS
· HARQ process number

	LGE
	Not support
We suggest following classifications, considering DCI overhead reduction.

Invalid symbol pattern indicator: Type-1C
UL-SCH indicator: Type-1C
MCS: Type-3 (or 1A)
HARQ ID: Type-1A (or 3)


	Samsung
	Mostly OK with the proposal and would like to suggest the following: 
· UL-SCH should be Type-1C – it does not make sense to schedule PUSCHs on multiple cells without UL-SCH (similar to CSI request).
· Would like clarification on the FL intention to list “Indicator of co-scheduled cells” as Type-1B (e.g., why not Type-1A?). We agree that only one value is needed for this field (and support to use an RRC configured table to do so, as in FL P3-5).
· For additional progress, suggest to consider Frequency Hopping (FH) for Type-1A, and additional fields for Type-1B or Type-1C such as: Rate Matching pattern indication, ZP CSI-RS trigger, SRS request. 

	Spreadtrum
	We have comments for those fields:
· Invalid symbol pattern indicator: it is used for PUSCH repetition type B and only applied when the cell is configured with invalidSymbolPatternIndicatorDCI0_1/2, so it is not common for all cells. For simplify, it can be exclude from DCI 0_X and apply the invalid symbol pattern
· ChannelAccess-Cpext can be excluded.
· UL-SCH indicator: we think it can be excluded, because it is unnecessary to have a PUSCH without UL-SCH but only for A-CSI feedback through DCI 0_X. The legacy DCI format can be used. 
· beta offset indicator: as we commented before, the beta offset indicator do not only for the PUSCH with HARQ-ACK, but also for the PUSCH with any type of UCI, such CSI. From this side, all the cells configured with dynamic beta offset should indicated which value to use, otherwise, it would be problem when CSI is multiplexed on the PUSCH.

	NTT DOCOMO
	We are fine with the proposal in general. We think MCS which has a large payload should be type-3 but fine to support it as type-2 if majority of companies supports.
For the clarification on RRC configuration for DCI format 0_X/1_X, we are fine to discuss it separately.

	Ericsson1
	Not OK with Type 2 field for MCS. 
MCS is five bits per TB, which for 2 TBs x 4 carriers implies 40 bits. We propose to use joint coding of MCS fields across scheduled cells in a subgroup with five bits for one cell, and up to 3 bits indicating differential MCS for each of the other cells in the subgroup.

	Moderator2
	@CATT: 
Definition of Type 2 field is a field separate for each schedule cell. Even if MCS is designed with differential method, still separate fields are applicable for co-scheduled cells. In that sense, it is Type-2 field.

@vivo:
Channel access field is Type-1A means same LBT type/CAPC/CPE for scheduled cells. There is only one channel access field, not sure about your comments “all the other unlicensed ..”.

@LG:
It is too restrictive for same HPN for all co-scheduled cells.
Same MCS for co-scheduled cells may lead to performance degradation. 

@Samsung:
Indicator of co-scheduled cells indicates whether a cell is scheduled is or not, which is separate information for each co-scheduled cell. In that sense, seems the field is type 1B. 

@Spreadtrum:
Unlicensed spectrum is not excluded in RAN#97. So only including the channel access field should be OK. But no optimization for it.

@Ericsson:
Same reply as to CATT.

@All: the proposal is updated as below:
Proposal 3-3rev1:
· For DCI format 1_X/0_X, 
· Type-1 fields at least include below:
· Type-1A:
· Priority indicator
· Invalid symbol pattern indicator
· ChannelAccess-Cpext
· UL-SCH indicator
· Type-1B fields at least include below:
· Indicator of co-scheduled cells
· Type-1C fields at least include below:
· beta offset indicator
· CSI request
· UL-SCH indicator
· Invalid symbol pattern indicator
· Type-2 fields at least include below:
· MCS
· HARQ process number
FFS: Other fields

	Qualcomm
	We agree with Intel/ZTE that MCS should belong to Type-3. Having up to 4 MCS fields in a DCI format 0_X/1_X is too much.

	LGE
	We are fine with Type-1 part in the above update.
But not OK with Type-2 part with same reason as Intel/ZTE/QC since always separating such large (4 or 5 bits) size field in DCI is too much overhead compared to R17 multi-TTI scheduling DCI.
Therefore, it is reasonable to include MCS and HARQ ID in Type-3 field.

	Moderator3
	@LG @QC: @Intel:
Even we set MCS as Type-3, it also covers the case of separate MCS field for each co-scheduled cell. There is still overhead issue.
Unless MCS is common to all the co-scheduled cells, the overhead is an issue.


	Intel
	We share similar view as LGE, and we still have concerns on the MCS and HPN. As commented by other companies, MCS has 5 bits, which would increase a large DCI payload if it is individually signalled for each scheduled cells. We still prefer MCS to be included as Type 3. For HPN, we think same HPN would work without much issue. If companies have concern on the flexibility, we are fine to consider this as Type 3.  

	LGE2
	@FL:
If MCS and HPN is always separate field in DCI, the number of co-scheduled cells and/or configuration of 2-TB PDSCH is also limited always. On the other hand, if MCS and HPN can be common field per cell subgroup due to their similarity, such limitation would be relaxed, then more efficiency/gain of multi-cell scheduling could be achieved.

	NTT DOCOMO2
	If the field is Type-3, the size of the field can be reduced flexibly depending on the CA scenario/deployment policy, and hence we still think MCS should be Type-3.

	Fujitsu
	We are OK with Proposal 3-3rev1




Proposal 3-4:
· For a set of cells co-scheduled by a DCI format 0_X/1_X, time domain resource allocations for the set of cells are jointly indicated by TDRA field in the DCI format 0_X/1_X by pointing to one row of a RRC configured TDRA table. 
· Separate {SLIV, mapping type, scheduling offset K0 (or K2)} are configured in the row for each of co-scheduled PDSCHs/PUSCHs.

Companies are encouraged to provide comments in the table below.
	Company
	Comment

	MTK
	Support the main bullet. For the sub-bullet, not sure why we need separate indication.

	Qualcomm
	We are OK with the proposal. 
However, same clarification is necessary as for Proposal 3-3 – whether the RRC configured TDRA table for PDSCH/PUSCH of each CC in the scheduled-CC-set is based on the existing parameters (e.g., pusch-TimeDomainAllocationList and pdsch-TimeDomainAllocationList) or to define new parameters for this purpose.
We consider we can re-use the existing parameters, since DCI 0_X/1_X must be a combined DCI of DCI 0_1/1_1. We are open to further discuss taking into account the balance between UE complexity and scheduling flexibility for each field.


	Apple
	Support the proposal

	Langbo
	Fine with the proposal.

	Intel
	We are fine with the proposal. 

	ZTE
	We are fine with this proposal in principle. This can reduce the overhead for TDRA field. We think how to configure the RRC table should be clarified. For example, the RRC table is configured in which cell or configured for each cell?

	Moderator
	@Qualcomm @ZTE:
Regarding the RRC configuration, existing parameter is configured per cell, I think it is easier to configure TDRA table for the set of co-scheduled cells.

	Fujitsu
	For clarification, is this proposal is only for multi-cell scheduling by DCI format 0_X/1_X (i.e. not for single-cell scheduling by DCI format 0_X/1_X) ? If yes, we are fine with the proposal.
And for single-cell scheduling by DCI format 0_X/1_X, another TDRA table (e.g. configured by legacy RRC parameter for TDRA table configuration) can be used.

	CATT
	Support the proposal

	LGE
	Our view is to classify TDRA as Type-3 field, thus we suggest following update.

For a subgroup set of cells co-scheduled by a DCI format 0_X/1_X, time domain resource allocations for the cells within the subgroup set of cells are jointly indicated by TDRA field in the DCI format 0_X/1_X by pointing to one row of a RRC configured TDRA table.


	Samsung
	OK with the proposal. Suggest to clarify “indicated by a single TDRA field”.

	NTT DOCOMO
	We support the joint indication of TDRA itself but would like to clarify whether this TDRA field indicate the actually co-scheduled cells by DCI format 0_X/1_X or other field, e.g., CIF, indicate the actually co-scheduled cells.

	Ericsson1
	Not OK. 
We would be OK if the TDRA table are configured per scheduled cell like in legacy RRC configuration.

· For a set of cells co-scheduled by a DCI format 0_X/1_X, time domain resource allocations for the set of cells are jointly indicated by TDRA field in the DCI format 0_X/1_X by pointing to one row of a RRC configured TDRA table per scheduled cell. 
· For each of the co-scheduled PDSCHs/PUSCHs, the same row index is used.
· Separate {SLIV, mapping type, scheduling offset K0 (or K2)} are configured in the row for each of co-scheduled PDSCHs/PUSCHs.


	ITRI
	Support the proposal

	Moderator2
	@Fujitsu:
I think you raised a good question. For this proposal, as mentioned in main bullet, the intention is only covering multi-cell case.

@LG:
If you agree with using TDRA field pointing to one row of a RRC configured TDRA table, it seems no need to differentiate the TDRA field indication resources for a subgroup or entire set of cells. It is up to configuration. For cells within one subgroup, gNB can configure same SLIV for the subgroup.

@Samsung:
Ok to capture that.

@NTT DOCOMO:
I think the actually co-scheduled cells are indicated by the indicator of co-scheduled cells. Using TDRA table for indicating that purpose will lead to too many rows in the table.

@Ericsson:
I don’t understand how it works if a single TDRA field is used to indicate same row index for all the per-cell configured TDRA tables. It seems lack of flexibility. 

@All: the proposal now is updated as below:

Proposal 3-4:
· For a set of cells co-scheduled by a DCI format 0_X/1_X, time domain resource allocations for the set of cells are jointly indicated by a single TDRA field in the DCI format 0_X/1_X by pointing to one row of a RRC configured TDRA table. 
· Separate {SLIV, mapping type, scheduling offset K0 (or K2)} are configured in the row for each of co-scheduled PDSCHs/PUSCHs.


	Nokia / NSB
	Not our preferred way, but willing to compromise here. 
Just to check: how about size of the single TDRA field – is it limited to 4bits (as without multi-PDSCH/PUSCH), limited to max 6bits (as for multi-PDSCH/PUSCH) or how many rows are we going to support at maximum here?

	Apple
	Support the updated proposal 

	Qualcomm
	OK with the updated proposal.

	LGE
	Although we prefer Type-3 field for this TDRA to provide flexibility on TDRA table configuration, we can live with the above FL’s update for the progress.
BTW, as commented by Nokia, size of the common TDRA field needs to be considered, and it is reasonable to increase the size compared to legacy due to joint indication.

	Moderator3
	@Nokia @LG:
I think max 6 bits as multi-PDSCH scheduling should be sufficient for TDRA table design.

	Intel
	We are fine with the updated proposal. 

	OPPO
	The proposal may need two clarifications in our view. 
1) The TDRA is configured per BWP in current spec. So which of the following is the intended table construction?
· Opt-1: table_row_index -> {TDRA for cell-x & BWP-i, TDRA for cell-y & BWP-j, …..}. With this, there is no need to use BWP indicator field. 
· Opt-2: table_row_index -> {TDRA for cell-x & BWP-i, TDRA for cell-x & BWP-j, TDRA for cell-y & BWP-k, TDRA for cell-y & BWP-h…..}. With this, BWP indicator field is still needed.
· Opt-3: table_row_index -> <TDRA for cell-x, TDRA for cell-y, …..>. The selected TDRA applies to whatever BWP determined by BWP indicator field. 

2) Assume a UE is configured with 5 cells that can be co-scheduled. Each 0_X/1_X can schedule 4 cells. The proposal is not made clear between the following two cases: 
· Case-1: there is only one table serving all co-scheduled cell combinations. 
· Case-2: there can be up to  tables. UE needs to check CIF field to determine which table is used. 
The proposal seems to suggest Case-2, by saying “For a set of cells co-scheduled by a DCI format 0_X/1_X”, but we want to check whether this is indeed the intention.  

	NTT DOCOMO2
	We are fine with the updated proposal.

	Fujitsu
	Thanks for FL clarification. Given that, we are fine with the proposal.

	MTK
	OK with the updated proposal.

	Moderator3
	@OPPO:
For your 1st question, I think Opt 3 is preferred as there are BWP indicator and co-scheduled cell indicator. We don’t need to configure too much in the table.
For your 2nd question, Case 1 is the intention, one table is defined including several co-scheduled cell combinations.
For time being, I think we can FFS the details of the table design.



Indication of scheduled cells
	Huawei:
· Proposal 8: Indication of co-scheduled cells can be determined through combination of RRC configuration, MAC-CE activation and DCI indication.
· Proposal 9: Size of multi-cell scheduling DCI can be determined by the number of co-scheduled cells indicated by MAC CE.

ZTE
· Proposal 6: A codepoint of CIF field indicates a row of a table comprising the co-scheduled cells.
· The table is configured by RRC.
· The PDSCH and PUSCH can be configured with different table.

Spreadtrum:
· Proposal 2: Support Proposal 3-3rev2 in RAN1#110 with update
· For multi-cell scheduling, the co-scheduled cells are indicated by an indicator in DCI format 0_X/1_X which points to one row of a table defining combinations of co-scheduled cells.
· The table is configured by RRC signalling.
· Separate tables can be configured for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling

Vivo：
· [bookmark: _Ref111223664]Proposal 2. For the indication of the co-scheduled cell, option1 is supported.
· [bookmark: _Ref115451686]Proposal 3. The maximum number of configurable cells for co-scheduling is 8.

China Telcom:
· Proposal 7: For the indication of actual co-scheduled cells, a dedicated indicator field pointing to one row of a table indicates maximum number of co-scheduled cells. And within the indicated maximum number of co-scheduled cells, the field containing separate information for each cell indicates whether the cell is actually scheduled or not.
· A code point of FDRA, or a code point of MCS and RV is considered for the indication of not scheduling cell(s).

OPPO:
· Proposal 1: RAN1 determines carrier indication method from bitmap-based indication and cell-combination table based indication. Bitmap-based indication should be selected whenever allowed by the DCI payload budget. 

CATT:
· Proposal 5：The actual co-scheduled cells can be indicated by an indicator in DCI format 0_X/1_X, and each value corresponds to a combination of co-scheduled cells that is configured by RRC signalling.

Langbo:
· Proposal 9: Option 1, i.e., an indicator in the DCI points to one row of a table defining combinations of scheduled cells is supported for multi-cell scheduling.
· Proposal 10: Separate tables are configured respectively for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling.

Fujitsu:
· Proposal 3: For multi-cell scheduling, the co-scheduled cells are indicated by an indicator in DCI format 0_X/1_X which points to one row of a table defining combinations of scheduled cells.
· The indicator is CIF.
· The table is configured by RRC signaling.

CAICT:
· Proposal 3: A table defining combinations of the length of bit fields for each cell scheduling is preconfigured. One flag in the DCI indicates one row of the table which implicitly indicates the scheduled cells.

Xiaomi:
· Proposal 13:  The associations between a CIF value and a combination of co-scheduled cells can be configured following legacy configuration framework to support the MC-scheduling with a single DCI.

Lenovo:
· Proposal 1: The maximum number of configurable cells for co-scheduling is 16 in Rel-18.
· Proposal 2: The co-scheduled cells are indicated in a DCI field pointing to one co-scheduled cell combination from a RRC configured table. 

CMCC:
· Proposal 7. Considering the indication of co-scheduled cells, possible combinations of scheduled cells can be pre-configured by RRC signaling, and the co-scheduled cells are jointly indicated by  and indicator in DCI formats 0_X/1_X.

FGI:
· Proposal 9: Option 3 (first preference) or Option 1 (second preference) is adopted for indicating co-scheduled cells.

NEC:
· Proposal 1: RRC configures a static configuration of cell combination which includes list of cells used for DCI format 0_X/1_X, and DCI could dynamically indicate whether the cell in the cell combinations is used in this DCI.

LG:
· Proposal #2: Support Option 1 where the indicator pointing to one of (scheduled) cell combinations is signalled via CIF field in the multi-cell DCI. 
· Support common CIF table between multi-cell PDSCH scheduling and multi-cell PUSCH scheduling by following current cell-level CIF without DL/UL differentiation.
· Proposal #3: Consider the case where an invalid cell (e.g. in deactivated state or with dormant BWP or with UL/DL collision or with invalid FDRA/TDRA) is included within co-scheduled cells.
· Drop the PDSCH/PUSCH scheduled for the invalid cell and the corresponding HARQ-ACK feedback is omitted or mapped as NACK.

MTK:
· [bookmark: OLE_LINK255]Proposal 9: The green part in Figure 2 consist of a bitmap indicating cell(s) scheduled by the 1st and/or 2nd DCI segment:
· Bitmap size = number of configured scheduled cells for this scheduling cell (Ex. 4  bc1bc2bc3bc4)
· Each bit corresponds to one of the configured scheduled cells, with MSB to LSB of the bitmap corresponding to the first to last configured scheduled cells in ascending order of ServCellIndex
· Number of 1’s in the bitmap <= maximum number of cells that can be scheduled simultaneously (Ex. 3)
· Only an “1” in the bit map means there is no 2nd segment (Only for 2-segment DCI design)

Apple:
· Proposal 3: The maximum number of co-scheduled cells by both DCI format 0_X and format 1_X in Rel-18 is 4
· Maximum number of configurable cells for co-scheduling is 4
· Maximum number of configurable/co-scheduled cells exactly supported by UE is subject to UE capability
· Proposal 8: The co-scheduled cells are indicated in the DCI using a bitmap corresponding to a set of configured cells that can be scheduled by the DCI 0_X/1_X 

Samsung:
· Proposal 3: RRC configures ‘cell-set-level’ CIF values that correspond to configured sets of co-scheduled cells (Option 1).

Ericsson:
· [bookmark: _Toc115448710][bookmark: _Toc115419439]Proposal 15: A carrier selection field (CSF) is introduced for indication of co-scheduled cells by DCI format 0_X/1_X, wherein the field is a bitmap corresponding to the set of configured cells that can be scheduled by the DCI format. 

NTT DOCOMO:
· Proposal 1: For multi-cell scheduling, the co-scheduled cells are indicated by an indicator in DCI format 0_X/1_X which points to one row of a table defining combinations of co-scheduled cells.
· The table is configured by RRC signaling with up to 8 entries.
· Separate tables can be configured for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling.
· Reusing CIF field in the DCI as the indicator

ITRI:
· Proposal 3:
· For multi-cell scheduling, the co-scheduled cells are indicated by the CIF field. The mapping between co-scheduled cells and CIF is configured by RRC signaling.

Google:
· Proposal 3: For multi-cell scheduling, the co-scheduled cells are indicated by an indicator in DCI format 0_X/1_X which points to one row of a table defining combinations of co-scheduled cells, where the table is configured by RRC signalling.

Nokia, Nokia Shanghai Bell
· Proposal 4.1: Adopt the latest moderator Proposal 3-3rev2 from RAN1#110-e, with the following proposed changes in red:
	Proposal 3-3rev2:
· For multi-cell scheduling, the co-scheduled cells are indicated by an indicator in DCI format 0_X/1_X which points to one row of a table defining combinations of co-scheduled cells.
· The table is configured by RRC signaling.
· FFS: Separate tables can be configured for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling.
· FFS: reusing CIF field in the DCI as the indicator
· Introduce a new ‘co-scheduled cell indicator’ with a bitwidth of élog2(table size)ù 








Moderator summary and proposals based on contributions

Regarding indicator of co-scheduled cells, RAN1#109e meeting reaches below agreement:
	Agreement
For multi-cell scheduling, the co-scheduled cells are indicated by DCI format 0_X/1_X. At least the following options are considered:
· [bookmark: _Hlk115254448]Option 1: An indicator in the DCI points to one row of a table defining combinations of scheduled cells. 
· The table is configured by RRC signaling.
· FFS: Separate tables can be configured for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling.
· Option 2: An indicator in the DCI is a bitmap corresponding to a set of configured cells that can be scheduled by the DCI 0_X/1_X 
· FFS: Separate sets of configured cells for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling.
· Option 3: using existing field (e.g., CIF, FDRA) to indicate whether one or more cells are scheduled or not
· Other options are not precluded.
· Note: It does not preclude other DCI information fields (e.g., BWP) to be jointly indicated by the indicator of the co-scheduled cells. 




Regarding the detailed design of indicator of co-scheduled cells, 22 companies have expressed their views and preference which are listed below:
Option 1:
· Supported by 19 companies [ZTE, Spreadtrum, vivo, China Telecom, CATT, Langbo, Fujitsu, CAICT, xiaomi, Lenovo, CMCC, FGI, NEC, LG, Samsung, NTT DOCOMO, ITRI, Google, Nokia]
Option 2:
· Supported by 4 companies [Oppo, MediaTek, Apple, Ericsson]
Option 3:
· Supported by 1 company [FGI]
Other options:
· Huawei

Based on above, vast majority companies prefer Option 1: predefining a table with each row defining a combination of scheduled cells and using DCI to indicate one row of the table. So the DCI overhead can be reduced and the scheduling flexibility is guaranteed. Regarding Option 2, as mentioned by majority companies, the bit overhead for indicating the co-scheduled cells is a main concern, especially when the UE is configured with a large number of cells. Option 3 may need more clarification on detailed design. Since usually more DL serving cells are aggregated in DL CA compared to UL CA, separate configuration of tables for DCI format 0_X and 1_X are needed.
Hence, moderator suggests going with Option 1 to make progress on this issue. 

This is one FFS issue on maximum number of configurable cells for co-scheduling, one company [Lenovo] propose max 16 cells configured for multi-cell scheduling considering the maximum number of aggregated cells per cell group is 16. One company [vivo] propose maximum number of configurable cells for co-scheduling is 8. One company [Apple] propose maximum number of configurable cells for co-scheduling is 4. One company [Nokia] propose maximum number of configurable cells for co-scheduling using DCI formats 0_X / 1_X is determined by the number of cells within a PUCCH group but not limited otherwise (i.e., >4 configurable cells are supported). Option 1 can support multiple scheduled cell combinations among a large number of cells within a same PUCCH cell group.
From moderator’s point of view, it is not necessary to restrict maximum 4 cells configured for co-scheduling. 

1st round of discussions

Proposal 3-5:
· For multi-cell scheduling, the co-scheduled cells are indicated by an indicator in DCI format 0_X/1_X which points to one row of a table defining combinations of co-scheduled cells.
· The table is configured by RRC signaling.
· Separate tables can be configured for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling.



Companies are encouraged to provide comments in the table below.
	Company
	Comment

	MTK
	We can live with the proposal.

	Qualcomm
	We are OK with the main bullet and 1st sub-bullet.
We are still not sure what the 2nd sub-bullet means. We need FFS on the 2nd sub-bullet unless the other details of PDCCH monitoring are clear.

	Nokia, NSB
	Support

	Apple
	Support the proposal

	Langbo
	Support

	Huawei, HiSilicon
	General Ok

	Intel
	We are fine with the proposal. 

	ZTE
	We support this proposal. This can ensure the scheduling flexibility with the minimum indication overhead. The configuration for the downlink and uplink can be different since the UE may have different capabilities for downlink and uplink or different data rate requirements. 
Regarding the number of configurable cells for co-scheduling, we think it should not exceed 4 because we don’t see the need to support a larger number. On the contrary, supporting a number greater than 4 may bring more issues. For example, it may increase the DCI size because the network needs to consider all the co-scheduled cells. If the network wants to support more than 4 cells for multi-cell scheduling, these cells can be divided into more than one groups. Each group has at most 4 co-scheduled cells. This can improve the flexibility on the network configuration and can reduce the DCI size for format 0_X/1_X compared than configuring these cells in one group. 

	Moderator
	@Qualcomm:
Since UL CA and DL CA may be different on the configured number of cells, separate tables can be configured for DL and UL.

	CMCC
	We prefer to discuss the detailed indication method after the discussion of Alt 1/Alt 2/Alt3 in Proposal 2-6.

	New H3C
	Support

	Fujitsu
	We are generally fine with the proposal. But we are not sure whether this proposal is also applied to single-cell scheduling by DCI format 0_X/1_X. Hopefully it can be clarified.

	CATT
	Support the proposal

	vivo
	Support

	LGE
	We are fine with the proposal except for the last sub-bullet.
We think common CIF table for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling is reasonable extension of current cell-level CIF table without DL/UL differentiation. Moreover, it could avoid potential PDCCH related complexity in terms of SS set composition and BD operation.

	Samsung
	Support

	Spreadtrum
	Support 
The UL cell number is always less than DL cell. DL cell combinations cannot directly get the right UL cells, sometimes it may result in single UL cell scheduling. Second, separate UL tables can configure suitable UL co-scheduling cells, reduce unnecessary UL cell combinations, and set proper multi-cell scheduling DCI fields types and bits number.

	Xiaomi
	We can live with this proposal, but wants to clarify what is the “an indicator” here means. In our understanding, we can follow the legacy design, that means using the CIF as the indicator.

	NTT DOCOMO
	Support this proposal.

	Ericsson1
	Not OK. 
Since the maximum number of co-scheduled cells is 4, the number of bits needed in a DCI 0_X/1_X is a maximum of four bits. In many other typical cases, the number of cells will be 2 or 3. Given this, there is no need to create unnecessary complexity by configuring an explicit table via RRC.

	China Telecom
	We prefer to discuss the proposal after we get common understanding on the maximum number of configurable cells for co-scheduling.

	Apple2
	We are also fine with Ericsson’s proposal to consider bitmap corresponding to 4 co-scheduled cells. 

	Moderator2
	@Ericsson @China Telecom:
To me, it is not necessary to restrict maximum 4 cells configured for co-scheduling. The maximum number of cells for co-scheduling can be max number of cells within a PUCCH group.


@All: this proposal is updated below.
Proposal 3-5rev1:
· For multi-cell scheduling, the co-scheduled cells are indicated by an indicator in DCI format 0_X/1_X which points to one row of a table defining combinations of co-scheduled cells.
· The table is configured by RRC signaling.
· Separate tables can be configured for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling.


	Nokia / NSB
	Could we at least keep the separately configured tables as FFS for now? To have at least only a sub-set of cells schedulable there for PUSCH compared to PDSCH due to usual UL CA UE limitations?

There seems to be some confusion within companies of the CIF field: 
Based on proposal 2.6 – single n_CI value configured, the CIF field would need to indicate the n_CI to differentiate from single-cell x-scheduling DCIs as QC pointed out in their contribution. But this CIF could then not be used at the same time to indicate the (sub)set of scheduled cells! So this cannot be mapped in this respect to the x-scheduling framework in this respect to our understanding.  




	Apple
	We are fine with the updated proposal

	Qualcomm
	OK with the proposal. Thanks for the update.

	LGE
	We are also fine with the above update.

	Moderator3
	@Nokia:
I think this possibility of separate TDRA table for DL and UL is still there as we don’t exclude it. We can also discuss separate table when preparing RRC parameters.
Regarding CIF field, my understanding is a single n_CI value is configured for the set of cells. When DCI format 0_X/1_X can be used for single cell scheduling, one way is to configure single cell cases in the rows of the table. 


	Intel
	We are fine with the proposal. 

	OPPO
	We share the view with China Telecom: To discuss/determine the max number of cells for potential co-scheduling. If this max number can be relative large, it may deserve to consider a upper-bound on number of rows in this CFI table.   

	Langbo
	Although we prefer to at least keep the DL/UL separate tables as FFS, we can live with this updated proposal.

	NTT DOCOMO2
	We are fine with the updated proposal.

	Fujitsu
	According to the discussions, we understand that this proposal also covers the case of single cell scheduling by DCI format 0_X/1_X. However, it is not quite clear by the current text. It may help if we implement the following updates:s
For multi-cell scheduling, the one or more co-scheduled cells are indicated by an indicator in DCI format 0_X/1_X which points to one row of a table defining combinations of co-scheduled cells.

	MTK
	We kind of agree with Ericsson1 that RRC configuration may be a waste if the number of configurable cells for co-scheduling is less than or equal to 4 as mentioned by ZTE. We think a bitmap mechanism is good enough. Having said that, we can live with current proposal.

	CMCC
	We think supporting more than 4 cells can be configured for multi-cell scheduling and n_CI value in Proposal 2-6 need to be discussed first.

	Moderator4
	@Fujitsu:
In the beginning of this bullet, it says, “for multi-cell scheduling”, so no need to add “one or more” here.




Other related issues

	[bookmark: _Hlk102720095]
ITRI:
· Proposal 4:
·  A DCI format 0_X can activate/release a type 2 CG PUSCH transmission on a co-scheduled cell.
· A DCI format 1_X can activate/release a SPS PDSCH reception on a co-scheduled cell.







HARQ enhancements

Based on contributions submitted by companies, below issues are prioritized for discussion in this meeting. Within each sub-section, the summary from moderator’s perspective is listed and followed by draft proposals for further discussion round by round. 

Background and submitted proposals
Regarding this issue, companies’ views are summarized as below:
	Huawei, HiSilicon
· Proposal 13: Reference PDSCH can be the last PDSCH of co-scheduled PDSCHs by multi-cell scheduling DCI. 
· Proposal 14: For Type-2 HARQ-ACK codebook, some details can be clarified as follows:
·  C-DAI/T-DAI is counted per DCI.
· A DCI scheduling more than one cell is associated with the second sub-codebook when the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one.
· If at least one cell of the set of cells which can be co-scheduled by a DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell can be the number of TBs of maximum cells which can be co-scheduled.
· Proposal 15: Multi-cell PDSCH/PUSCH scheduling and multi-PDSCH/PUSCH scheduling transmission on the same or different cell within a same PUCCH group are not expected to be configured simultaneously. Unless time allows, related design of HARQ-ACK codebook can be further discussed.

ZTE
· Proposal 12: The first PDSCH scheduled by DCI 1_X and the corresponding k1 offset should be used to determine the PUCCH slot.
· Proposal 13: No additional is needed for supporting the Type-1 codebook for multi-cell scheduling.
· Proposal 14: MC-DCI should be associated with the first sub-codebook when the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one.
· Proposal 15: The number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is equal to 2*N when at least one cell of the set of cells which can be co-scheduled by a DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling.

Spreadtrum:
· Proposal 14: It can use the cell index as the reference, i.e. the PDSCH of the lowest cell index
· Proposal 15: If Type-1B is used for Time domain resource allocation field of DCI 1_X, SLIV pruning and K1 set extension should be applied for Type-1 HARQ-ACK codebook
· Proposal 16: Clarify whether or not eType3 HARQ-ACK codebook are in the scope.

Vivo
· [bookmark: _Ref115451697]Proposal 11. For multi-PDSCH scheduled by DCI format 1-X, the reference PDSCH to determine the PUCCH transmission for HARQ-ACK report is the PDSCH with the latest starting time among the co-scheduled PDSCHs.
· [bookmark: _Ref115451698]Proposal 12. UE does not expect to be configured with both multi-PDSCH/PUSCH scheduling and multi-cell PDSCH/PUSCH scheduling for the same or different scheduled cells within a same PUCCH cell group.
· [bookmark: _Ref111223712][bookmark: _Ref115451700]Proposal 13. For type-1 HARQ-ACK codebook, K1 extension should be supported, additionally, the joint coded SLIVs of other co-scheduled cells need to be considered, and the R15 SLIV pruning procedure can be reused.
· [bookmark: _Ref115451701]Proposal 14. The HARQ-ACK for multi-cell PDSCH/PUSCH scheduled by DCI format 1-X should be in the second sub-codebook even when the actual number of PDSCH reception is one.
· [bookmark: _Ref115451702]Proposal 15. For type 2 HARQ-ACK codebook, if at least one cell of the set of cells which can be co-scheduled by a DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, the number of HARQ-ACK information bits for each DCI format 1_X that can schedule more than one cell should be the maximum of the number of HARQ-ACKs corresponding to the sets of co-scheduled cells.
· [bookmark: _Ref115451703]Proposal 16. For type 2 HARQ-ACK codebook, the reference PDSCH to determine the DAI counter is the PDSCH with smallest serving cell index among the set of co-scheduled cells.
· [bookmark: _Ref115451705]Proposal 17. The type 3 HARQ-ACK codebook can be supported for multi-cell PDSCH scheduling.

OPPO:
· Proposal 11: The reference PDSCH used for HARQ-ACK timing determination is the last configured PDSCH, e.g. the PDSCH with the last ending symbol among the co-scheduled PDSCHs.
· Proposal 12: DCI scheduling more than one cell is associated with the first sub-codebook when the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one.
· Proposal 13: The following alternatives can be considered to determine the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell:
· Alt 2: The number of HARQ-ACK bits for each DCI format 1_X is the sum of largest N values in {Ci}, Ci is the maximum number of codewords for cell i in the set of cells ；
· Alt 3: The number of HARQ-ACK bits for each DCI format 1_X is max{Mj}, where Mj is the sum of the maximum number of codewords configured for each cell in the cell combination j.
· Proposal 14: The smallest/largest serving cell index among the co-scheduled cells is used as reference for C-DAI counting.
· Proposal 15: For Type-1 HARQ-ACK codebook construction, the following alternatives can be considered:
· Alt 1: the candidate PDSCH slots are still determined by the configured K1 set while restrict that the slot offset(s) between the co-scheduled PDSCH(s) and the HARQ-ACK is always within the configured K1 set.
· Alt 2: the K1 set is extended based on the slot offset between the reference PDSCH and other co-scheduled PDSCHs and the candidate PDSCH slots are determined by the per-cell extended K1 set.
· Proposal 16: DCI format 1_X should not be used to trigger HARQ-ACK retransmission.
· Proposal 17: To trigger a Type-3 HARQ-ACK codebook, One-shot HARQ-ACK request field in DCI format 1_X is set to “1”. 
· Furthermore, if no FDRA field is valid in the same DCI, no PDSCH is scheduled.
· Proposal 18: To trigger an eType-3 HARQ-ACK codebook, One-shot HARQ-ACK request field in DCI format 1_X is set to “1”,
· If Enhanced Type 3 codebook indicator field is configured as one Type-1A field, it indicates a set index of configured CCs/HARQ processes;
· If Enhanced Type 3 codebook indicator field is not configured,
· If every MCS field in DCI 1_X is used to carry valid MCS information for a TB, the first set of configured CCs/HARQ processes is triggered; otherwise, the first MCS field not carrying valid MCS information for a TB is used to indicate a set index of configured CCs/HARQ processes.

CATT:
· Proposal 13: The reference PDSCH of K1 should be defined as the last PDSCH among actual co-scheduled cells by a DCI format 1_X.
· Proposal 14: For Type-2 CB of multi-cell scheduling, a reference serving cell index can be defined to count DAI or determine last DCI format, where the reference serving cell index can be the smallest serving cell index among the actual co-scheduled cells.
· Proposal 15: A DCI scheduling more than one cell is associated with the second sub-codebook when the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one, and the UE reports NACK for the PDSCH(s) collision with semi-static UL symbol(s).
· Proposal 16: The number of HARQ-ACK bits can be equal to N+M, where N is the maximum number of cells and the M is the number of cells configured with maximum 2 codewords per PDSCH without spatial bundling within the cells which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE.
· Proposal 17: When Type-1 HARQ-ACK is configured for multi-cell scheduling, the K1 set extension procedure should be performed for each cell based on the K1 set and TDRA table configured for multi-cell scheduling.
· Proposal 18: When a cell can be scheduled by both DCI format 1_X and legacy DCI format, the actual K1 set for Type-1 CB generation is provided by the union of K1 set configured for legacy single-cell scheduling and the extended K1* set for multi-cell scheduling.

Lanbo：
· Proposal 11: Rel-15/16 Type-1 HARQ-ACK codebook construction is reused if separate TDRA fields are used in DCI format 1_X.
· Proposal 12: The PDSCH that ends last is used as the reference PDSCH for corresponding HARQ-ACK slot determination.

Intel:
· Proposal 1
· Configuration of both multi-cell PDSCH scheduling and multi-PDSCH scheduling for the same or different cell within a PUCCH group is supported.
· Configuration of both multi-cell PUSCH scheduling and multi-PUSCH transmission in the same or different cell is supported.
· Proposal 13
· For PUCCH slot/sub-slot determination, the reference PDSCH is the last PDSCH, i.e., with the last ending symbol in co-scheduled cells.
· Proposal 14
· ForType-1 HARQ-ACK codebook for multi-cell scheduling, 
· For candidate DL slots, with restriction of same SCS for carriers, the candidate DL slots can be determined by minor modification of Rel-17 multi-PDSCH scheduling extended K1 based on K1 for reference PDSCH, and slot offset between reference PDSCH and PDSCHs in different CCs, or simplify based on configured K1 values as in Rel-15 with the restriction that the effective K1 for each CC is always a subset of the configured K1. 
· For candidate PDSCH within a DL slot, SLIV pruning is based on SLIVs for the corresponding CC, i.e., only adding the single SLIV for the corresponding CC rather than all SLIVs of the row into a set for SLIV pruning for that CC. 
· Proposal 15
· Type-2 HARQ-ACK codebook considers at least two sub-codebooks for single-cell PDSCH and multi-cell PDSCH scheduling.
· PDCCH scheduling single PDSCH is in 1st sub-codebook and PDCCH scheduling PDSCHs in multiple cells regardless of number of cells with valid PDSCHs is in 2nd sub-codebook. 
· For 2nd sub-codebook, if at least one cell of the set of cells which can be co-scheduled by a DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, the number of HARQ-ACK bits per DCI format 1_X is determined by the maximum sum of number of TBs for co-scheduled PDSCHs by the DCI format 1_X.
· DAI is separately counted within each sub-codebook. 
· For 2nd sub-codebook, DAI ordering is based on the serving cell index of a reference PDSCH per PDCCH, which is determined by the PDSCH with smallest serving cell index. 
· For simultaneous configuration of multi-cell PDSCH scheduling and multi-PDSCH transmission with different DCIs on the same or different cell(s) within a same PUCCH group, both multi-cell PDSCH and multi-PDSCH scheduling belong to 2nd sub-codebook.

CAICT:
· Proposal 4: The reference PDSCH is the last one among these PDSCHs.
· Proposal 5: When the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one, the corresponding HARQ-ACK is included in the first sub-codebook.

Xiaomi:
· Proposal 14: The reference PDSCH is the last co-scheduled PDSCH in time domain.
· Proposal 15: Further check if it is a valid case that the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one if more than one cell is co-scheduled by the MC-DCI
· Proposal 16: If at least one cell of the set of cells which can be co-scheduled by a DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is equal to the actually number of co-scheduled TBs.

Lenovo
· Proposal 16: Simultaneous configuration of multi-cell scheduling and multi-PDSCH scheduling within a same PUCCH group is not supported in Rel-18.
· Proposal 17: For Type-2 HARQ-ACK codebook, whether a DCI scheduling more than one cell is associated with the first sub-codebook or the second sub-codebook is based on the number of co-scheduled cells indicated in the DCI.
· Proposal 18: For Type-2 HARQ-ACK codebook, if at least one cell of the set of cells which can be co-scheduled by a DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, the number of HARQ-ACK information bits per DCI format 1_X is equal to the maximum number of co-schedulable TBs among all the possible scheduling cell combinations.
· Proposal 19: The last PDSCH among PDSCHs co-scheduled by one DCI format 1_X is used as the reference PDSCH for determining the PUCCH slot.

FGI:
· Proposal 10: The reference PDSCH is the PDSCH received in the lastet DL slot (), and if there are more than one PDSCHs received in the latest DL slot (), the PDSCH received in the cell with the lowest serving cell index is determined as the reference PDSCH.
· Proposal 11: The reference PDSCH is used for DAI counting.
· Proposal 12: For Type-2 HARQ-ACK codebook, if at least one cell of the set of cells which can be co-scheduled by a DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is equal to 2*N.

NEC:
· Proposal 3: For HARQ-ACK codebook Type-1 and for joint TDRA indication among cells, a reference cell among multiple cells is used to generate type-1 codebook. Each PDSCH on non-reference cell has the same HARQ-ACK bit position with the corresponding PDSCH indicated by TDRA on the reference cell.

LG:
· Proposal #16: Consider the last (ending) PDSCH among co-scheduled cells (with actual PDSCH reception) as the reference PDSCH used to determine HARQ-ACK feedback timing.
· Proposal #17: Support simultaneous configuration of multi-cell PDSCH/PUSCH scheduling and Rel-17 multi-slot PDSCH/PUSCH scheduling within a same PUCCH group.
· Proposal #18: Consider how to construct Type-1 HARQ-ACK codebook in case with multi-cell PDSCH scheduling, in terms of following two aspects.
· SLIV pruning procedure for the cell schedulable by the multi-cell DCI (e.g. extension of SLIV set as for Rel-17 multi-PDSCH scheduling)
· Determination of K1 set for the cell schedulable by the multi-cell DCI (e.g. extension of K1 set as for Rel-17 multi-PDSCH scheduling)
· Proposal #19: Consider the following aspects for Type-2 HARQ-ACK codebook in case with multi-cell PDSCH scheduling, to resolve FFS points.
· A DCI scheduling multiple cells is associated with the first sub-codebook when only one of the PDSCHs scheduled by the DCI is actually received by UE.
· The number of HARQ-ACK bits per multi-cell scheduling DCI in case when at least one of the scheduled cells is configured with maximum 2 TBs per PDSCH, is equal to M where M is the maximum number of TBs which can be co-scheduled (over multiple cells) by a DCI format 1_X in the PUCCH group for the UE.
· Proposal #20: Determine the counter-DAI value and the last DCI based on a reference PDSCH among the co-scheduled cells.
· The reference PDSCH needs to be determined based on the scheduled cell index and/or the PDSCH start timing.
· Proposal #21: Consider other aspects related to the multi-cell PDSCH/PUSCH scheduling, including the followings.
· How to indicate TB disabling for PDSCH
· How to handle the out-of-order HARQ issue

MTK:
· [bookmark: OLE_LINK257]Proposal 11: Reference PDSCH can be the last PDSCH of co-scheduled PDSCHs by multi-cell scheduling DCI.

Apple:
· Proposal 4: Multi-cell scheduling DCI shall not introduce out-of-order PDSCH/PUSCH scheduling or out-of-order HARQ-ACK for any scheduled cell

Samsung:
· Proposal 18: For determination of the PUCCH resource/slot with HARQ-ACK corresponding to multiple PDSCHs on multiple serving cells scheduled by an MC-DCI format, the reference PDSCH is the PDSCH corresponding to the cell with the largest cell index.
· The cell index of the reference PDSCH is used to determine the order of DCI formats for PUCCH resource determination.
· Proposal 19: The set of K1 values for MC-DCI format 1_X is:
· Option 1: separately provided from the sets of K1 values for SC-DCI formats, or
· Option 2: same/subset of K1 values configured for SC-DCI formats.
· FFS: whether the set of K1 values for MC-DCI format 1_X can include values that are not configured for any SC-DCI format.
· Proposal 20: For the Type-1 HARQ-ACK codebook, down-select one of:
· Option 1: the UE expects to receive co-scheduled PDSCHs in a same slot (i.e., same K0 value);
· Option 2: the UE can receive co-scheduled PDSCHs in different slots (i.e., different K0 value).
· Proposal 21: The TDRA table for multi-cell scheduling:
· Alt-0: re-use legacy single-cell TDRA tables that are restricted to be same for all co-scheduled cells;
· Alt-1: re-use single-cell TDRA tables that can be different for different co-scheduled cells; 
· Alt-2: a single TDRA table for multi-cell scheduling is determined based on the intersection of single-cell TDRA tables;
· Alt-3: a single, cell-common, TDRA table for multi-cell scheduling is configured by RRC;
· Alt-4: a single joint multi-cell TDRA table is configured by RRC and provides separate TDRA information for each cell from a set of co-scheduled cells.
· FFS: whether the TDRA table for multi-cell scheduling can include rows that are not configured in any single-cell TDRA table.
· Proposal 22: For Type-1 HARQ-ACK codebook generation:
· When K1 values and TDRA rows for multi-cell scheduling are also provided for single-cell scheduling on a cell, and all co-scheduled PDSCHs have a same K0 value, Type-1 CB is same as in Rel-17;
· Otherwise, candidate PDSCH receptions are generated based on:
· Only single-cell scheduling TDRA tables for K1 values used only for SC-DCI formats;
· Only multi-cell scheduling TDRA tables for K1 values used only for MC-DCI formats;
· Union of single-cell and multi-cell scheduling TDRA tables for K1 values common to SC-DCI and MC-DCI formats.
· Proposal 23: For the two Type-2 HARQ-ACK sub-CBs in presence of multi-cell scheduling, clarify the following:
· HARQ-ACK information corresponding to DCI formats that do not schedule a PDSCH is included in the first sub-CB;
· HARQ-ACK information corresponding to an MC-DCI formats 1_X that schedules multiple PDSCHs is included in the first sub-CB when the UE receives only one PDSCH, from the multiple PDSCHs, due to collision with UL symbols.
· Proposal 24: When a UE is configured with multi-cell scheduling and Type-2 HARQ-ACK codebook:
· if spatial bundling is not configured, the number  of HARQ-ACK bits in the 2nd Type-2 sub-CB for each MC-DCI is a maximum number of associated TBs among different sets of co-scheduled cells.
· Proposal 25: For the 2nd Type-2 HARQ-ACK sub-codebook corresponding to multi-cell scheduling, the UE appends a number of “NACK” values, to the HARQ-ACK information bits for co-scheduled PDSCHs, until  bits are generated.
· Proposal 26: For a Type-2 HARQ-ACK codebook for multi-cell scheduling, and for an MC-DCI format 1_X that schedules multiple PDSCHs on a set of co-scheduled cells:
· the parameter “serving cell” in the definition of counter DAI in the MC-DCI format 1_X is defined based on a largest cell index from co-scheduled cells.
· Proposal 27: If a PUCCH overlaps with a PUSCH scheduled by an SC-DCI format and a PUSCH scheduled by an MC-DCI format 0_X, the UE multiplexes the UCI in a PUSCH scheduled by an SC-DCI format.

Ericsson:
· [bookmark: _Toc115448727][bookmark: _Toc115419462]Proposal 16: For determining the timing of a PUCCH carrying HARQ-ACK information corresponding to a set of co-scheduled PDSCHs by a DCI format 1_X, the reference PDSCH among the set of co-scheduled PDSCHs is the PDSCH with the latest ending symbol.
· [bookmark: _Toc115419463][bookmark: _Toc115448728]Proposal 17: Type-1 HARQ-ACK codebook is supported when a DCI 1_X schedules PDSCHs across cells.
· [bookmark: _Toc115419464][bookmark: _Toc115448729]Proposal 18: For Type-1 HARQ-ACK codebook generation corresponding to a set of co-scheduled PDSCHs scheduled by a DCI 1_X across cells, the timing occasion corresponding to   (e.g.,  ) in  is used for a co-scheduled PDSCH on cell c that ends earlier than  UL slots from the corresponding PUCCH slot. In case of presence of other HARQ-ACK information corresponding to occasion , bundling of HARQ-ACK information is performed.
· [bookmark: _Toc115419465][bookmark: _Toc115448730]Proposal 19: The value of the DAI field in a DCI format 0_X is applicable for HARQ-ACK multiplexing in any of the PUSCHs when that PUSCH for HARQ-ACK multiplexing is determined following the existing procedures.
· [bookmark: _Toc115448731][bookmark: _Toc115419466]Proposal 20: It is not expected that the HARQ-ACK bit(s) carried by a PUCCH to include HARQ-ACK information bit(s)for PDSCH(s) scheduled by a multi-cell DCI together with HARQ-ACK bit(s) for PDSCH(s) scheduled by a multi-slot DCI.
· [bookmark: _Toc115419467][bookmark: _Toc111209498][bookmark: _Toc111213474][bookmark: _Toc115448732]Proposal 21: UL/SUL scheduling combined with multi-cell PUSCH scheduling and presence of UL/SUL indicator in DCI format 0_X should reuse the existing procedures.

NTT DOCOMO:
· Proposal 15: For PDSCH-to-HARQ feedback timing indicator, the reference PDSCH should be the PDSCH which ends at last in time domain.
· Proposal 16: Even when the number of cells with actual PDSCH reception is one due to collision with semi-static TDD DL/UL configuration, a DCI scheduling more than one cell is associated with the second sub-codebook.
· Proposal 17: If at least one cell of the set of cells which can be co-scheduled by a DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell should be the multiple of the number of codewords and the maximum number of cells which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE.
· Proposal 18: Support simultaneous configuration of multi-slot PDCH scheduling and multi-cell PDSCH scheduling within the same PUCCH group.
· For Type-2 HARQ-ACK codebook construction,
· 2 sub-codebooks are generated
· First sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) which can schedule a single PDSCH and a second sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) which can schedule more than one PDSCH 
· DAI is counted per sub-codebook
· The number of HARQ-ACK information bits for 2nd sub-codebook is determined by the number of PDSCHs scheduled by a single DCI, number of codewords and spatial bundling.
· The maximum number of PDSCHs scheduled by a multi-slot PDSCH scheduling DCI and multi-cell PDSCH scheduling DCI would be determined as the larger number between the maximum number of PDSCHs in a row of TDRA table for multi-slot PDSCH scheduling and the maximum number of cells which can be co-scheduled by a DCI format 1_X.

Qualcomm:
· Proposal 7:
· For HARQ-ACK feedback on PUCCH for PDSCH reception(s) scheduled by a DCI format 1_X, the reference PDSCH for PUCCH slot/sub-slot determination is the latest PDSCH amongst the scheduled PDSCH(s) by the DCI format 1_X
· A DCI scheduling more than one cell is associated with the second sub-codebook when the number of cells with actual PDSCH reception is one due to collision with uplink symbols configured by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated
· If at least one cell of the set of cells which can be co-scheduled by a DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is equal to 2*N, where N is the maximum number of cells which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE

Google:
· Proposal 4: Transmissions scheduled by the DCI format 1_X associate with the same HARQ sub-codebook, regardless the number of scheduled cells.
· Proposal 5: Multi-PDSCH scheduling is not supported with multi-cell scheduling DCI, TDRA field in the MC-DCI indicates a row in RRC configured table, where the row include only one value. 

Nokia:
· Proposal 5.1.1: The Priority indicator in DCI format 1_X defines the PHY priority of the HARQ-ACK information of all the co-scheduled PDSCHs / cells. 
· Proposal 5.1.2: dl-DataToUL-ACK is used for operation of DCI format 1_X. 
· Proposal 5.1.3: The reference PDSCH is the PDSCH of the first cell in the table row of the indicated co-scheduled cells. 
· Proposal 5.1.4: The PDSCH of the first cell in the table row of the indicated co-scheduled cells and/or its associated cell is used for the last DCI format determination (for PRI) and DAI counting. 
· Proposal 5.2: Confirm the RAN1#109-e working assumption with the following modifications:
	Working Assumption
· Type-1, Rel-15 Type-2, Rel-16 Type-3 and Rel-17 Type-3All HARQ-ACK codebooks types (Type-1/2/3) are applicable when multi-cellcarrier PDSCH scheduling is configured.


· Proposal 5.3.1: The Type 1 HARQ-ACK codebook construction is not enhanced / changed for the purpose of multi-cell PDSCH scheduling: 
· FFS: required additional restrictions 
· Proposal 5.3.2: If the UE is configured with Type 1 HARQ-ACK codebook, the UE is not expecting HARQ-ACK information of a PDSCH scheduled through multi-cell scheduled using DCI format 1_X that cannot be mapped to the Type 1 HARQ-ACK CB of a PUCCH. 
· Proposal 5.4.1: The HARQ-ACK of a DCI scheduling PDSCH on more than one cell is always associated with the second Type-2 HARQ-ACK sub-codebook (even if the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one).
· Proposal 5.4.2: For Type 2 HARQ-ACK codebook construction, if at least one DL cell that can be scheduled by DCI format 1_X is configured with 2-TB PDSCH scheduling without spatial bundling, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is determined based on 2 times the maximum number of cells co-scheduled by a DCI format 1_X in the PUCCH-group for the UE. 
· Proposal 5.4.3: To restrict the required changes to / complexity of the Type 2 HARQ-ACK codebook due to multi-slot PDSCH scheduling, adopt either: 
· Alt. 1: Configuration of both multi-cell PDSCH scheduling and multi-slot PDSCH scheduling for the same or different cell within a PUCCH group is not supported. 
· or at least Alt. 2: DCI format 1_X does not support multi-slot PDSCH scheduling. It is not expected that the HARQ-ACK bit(s) carried by a PUCCH to include HARQ-ACK information bit(s) for PDSCH(s) scheduled by a multi-cell DCI together with HARQ-ACK bit(s) for PDSCH(s) scheduled by a multi-slot DCI.
· Proposal 5.5: Support (Rel-16) Type-3 and (Rel-17) Enhanced Type-3 HARQ-ACK triggering using DCI format 1_X. 
· The triggering in the DCI is separately RRC configured (from DCI formats 0_1 / 0_2). 







Moderator summary and proposals based on contributions

· On reference PDSCH for HARQ-ACK feedback timing determination

Regarding HARQ-ACK feedback timing determination, as agreed in RAN1#110, the PUCCH slot is determined based on the reference PDSCH and the indicated K1 value. There is one FFS details of reference PDSCH.
	Agreement
· When UE detects a DCI format 1_X scheduling a set of PDSCHs, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot , where  is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format and  is the last UL slot overlapping with the DL slot  for the reference PDSCH reception for slot-based PUCCH or an UL slot overlapping with the end of the reference PDSCH reception in DL slot  for sub-slot based PUCCH.
· FFS details of reference PDSCH



Regarding reference PDSCH for HARQ-ACK feedback timing determination, 19 companies express their preferences on the reference PDSCH and the summary is listed below. 
· Last PDSCH (supported by 14 companies): 
· Huawei, OPPO, CATT, Langbo, Intel, CAICT, xiaomi, Lenovo, FGI, LG, MTK, Ericsson, NTT DOCOMO, Qualcomm
· 1st PDSCH (supported by 2 companies): 
· ZTE, Nokia
· The lowest cell index (supported by 1 company): 
· Spreadtrum, 
· The largest cell index (supported by 1 company): 
· Samsung, 
· The latest staring PDSCH (supported by 1 company): 
· vivo, 
Since using the last PDSCH as the reference PDSCH to determine HARQ-ACK feedback timing can give UE more processing time, moderator suggests going with last PDSCH among co-scheduled cells as the reference. Proposal 4-1 is provided for the first round of discussion.


· On Type-1 HARQ-ACK codebook

For Type-1 HARQ-ACK codebook, as mentioned by several companies, the determination of the Type-1 codebook is related to the design of TDRA indication in the multi-cell PDSCH scheduling DCI. If a Type-1B TDRA field is included in the multi-cell scheduling DCI where a TDRA table is defined for the co-scheduled cells with each row indicating multiple SLIVs for the multiple scheduled cells, then SLIV pruning and K1 set extension need to be considered. 
Proposal 3-4 is provided to collect companies’ views on TDRA field design. For time being, moderator propose deferring this issue until the Type-1B TDRA indication with a TDRA table defined with each row indicating multiple SLIVs for the multiple scheduled cells is agreed or conclusion on TDRA field design is made.


· On Type-2 HARQ-ACK codebook

For Type 2 HARQ-ACK codebook, below agreement is made in previous RAN1 meeting:
	Agreement
· For Type-2 HARQ-ACK codebook, two sub-codebooks are generated with a first sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each scheduling a single cell and a second sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each scheduling more than one cell. 
· Separate DAI counting for DCI(s) with each scheduling a single cell and DCI(s) with each scheduling more than one cell. 
· FFS whether a DCI scheduling more than one cell is associated with the first sub-codebook or the second sub-codebook when the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one.
· Type-2 HARQ-ACK codebook is generated by concatenating the first sub-codebook and the second sub-codebook.
· If at least one cell of the set of cells which can be co-scheduled by a DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, 
· FFS: the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell;
· Otherwise, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is equal to N, where N is the maximum number of cells which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE.
· HARQ-ACK information bits for co-scheduled PDSCHs by a DCI format 1_X is ordered based on serving cell indices associated with co-scheduled PDSCHs.
· HARQ-ACK bundling across co-scheduled cells is not supported for multi-cell scheduling.




Regarding the first FFS in above agreement, whether a DCI scheduling more than one cell is associated with the first sub-codebook or the second sub-codebook when the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one, companies’ views in RAN1#110bis meeting are summarized as below:
· A DCI scheduling more than one cell is associated with the first sub-codebook when the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one.
· Supported by ZTE, OPPO, CAICT, LG, Samsung, 
· A DCI scheduling more than one cell is associated with the second sub-codebook when the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one. 
· Supported by Huawei, vivo, CATT, Intel, Lenovo, NTT DOCOMO, Qualcomm, Nokia

From moderator’s point of view, this issue is not essential, and it is better to follow the legacy operation in Rel-17 above 52.6GHz. Furthermore, for simplicity, the type of sub-codebook should be based on the number of cells indicated by the DCI regardless of the actual number of PDSCH reception so that UE complexity is reduced.
Hence, moderator suggests associating the DCI with the second sub-codebook when the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one. Proposal 4-2 is provided for discussion.

Regarding the second FFS in above agreement, if at least one cell of the set of cells which can be co-scheduled by a DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, how to determine the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell, companies’ views in RAN1#110bis meeting are summarized as below:
· If at least one cell of the set of cells which can be co-scheduled by a DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, 
· the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is equal to the maximum number of TBs which can be co-scheduled.
· Supported by Huawei, vivo, CATT, Intel, Lenovo, LG, Samsung,  
· the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is equal to 2*N, where N is the maximum number of cells which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE.
· Supported by ZTE, FGI, NTT DOCOMO, Qualcomm, Nokia

Determining the number of HARQ-ACK information bits per DCI format 1_X according to the maximum number of co-schedulable TBs among all the possible scheduling cell combinations can avoid any unnecessary overhead in HARQ-ACK sub-codebook generation and lead to least signaling overhead. At most 3 bits can be saved per DCI format 1_X when one DCI format 1_X can schedule maximum 4 cells and only one cell is configured with maximum 2 codewords without spatial bundling.
However, as pointed by some companies, if the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is equal to the maximum number of TBs which can be co-scheduled, UE has to check all the scheduled cell combinations in same PUCCH group leading to the largest number of HARQ-ACK bits and uses the related HARQ-ACK bit number accordingly. 
Hence, for simplicity, moderator suggests determining the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is equal to 2*N, where N is the maximum number of cells which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE. Proposal 4-3 is provided for discussion.


For Type-2 HARQ-ACK codebook, there is a third open issue on DAI counting and last DCI format determination. In legacy single cell scheduling operation, DAI is associated with the scheduled cell. For multi-cell scheduling, one DCI schedules multiple serving cells. One of co-scheduled cells should be selected for determining DAI order. 
On the other hand, for PUCCH resource determination in legacy single cell scheduling operation, the DCI formats are first indexed in an ascending order across serving cell indexes for a same PDCCH monitoring occasion and are then indexed in an ascending order across PDCCH monitoring occasion indexes. For multi-cell scheduling, similar to DAI counting, one of co-scheduled cells should be selected to order the detected DCI format 1_X.
For RAN1#110bis meeting, companies’ views are summarized as below:
· The reference PDSCH to determine DAI counter/last DCI format is the PDSCH with smallest serving cell index among the set of co-scheduled cells.
· Supported by vivo, OPPO, CATT, Intel, 
· The reference PDSCH to determine DAI counter/last DCI format is the PDSCH with largest serving cell index among the set of co-scheduled cells.
· Supported by OPPO, Samsung, 
· The PDSCH of the first cell in the table row of the indicated co-scheduled cells and/or its associated cell is used for the last DCI format determination (for PRI) and DAI counting.
· Supported by Nokia, 
· The reference PDSCH for HARQ-ACK feedback timing determination is used for DAI counting.
· Supported by FGI

From moderator’s point of view, the simplest way is to define the reference PDSCH for determining DAI counting/last DCI format as the PDSCH with smallest serving cell index among the co-scheduled cells.
Hence, Proposal 4-4 is provided for discussion.


· On simultaneous configuration of multi-cell PDSCH scheduling and multi-PDSCH scheduling in a PUCCH group

This issue was extensively discussed in previous RAN1 meetings and RAN#97 meeting. However, no consensus has been reached so far. For RAN1#110bis meeting, companies’ views are summarized as below:
· On simultaneous configuration of multi-cell PDSCH scheduling and multi-PDSCH scheduling in same PUCCH group 
· Not support: Huawei, vivo, Ericsson, Lenovo, Google, Qualcomm, Nokia
· Support: Intel, LG, NTT DOCOMO

For RAN1#110bis meeting, 7 companies [Huawei, vivo, Ericsson, Lenovo, Google, Qualcomm, Nokia] don’t support simultaneous configuration of multi-cell PDSCH scheduling and multi-PDSCH scheduling within a same PUCCH group. 3 companies [Intel, LG, NTT DOCOMO] support simultaneous configuration of multi-cell PDSCH scheduling and multi-PDSCH transmission within a same PUCCH group and propose maximum 2 HARQ-ACK sub-codebooks where HARQ-ACK information bits for multi-cell scheduling and HARQ-ACK information bits for multi-PDSCH scheduling are merged into one sub-codebook according to the larger number between the maximum number of PDSCHs in a row of TDRA table for multi-PDSCH scheduling and the maximum number of cells which can be co-scheduled by a DCI format 1_X. Since a DCI format 1_X can schedule maximum 4 PDSCHs while a DCI format 1_1 for multi-PDSCH scheduling can schedule maximum 8 PDSCHs, too many padding bits may be needed for multi-cell scheduling. 
Based on above, to simplify HARQ-ACK codebook design and avoid the case where the number of sub-codebooks exceeds 2 or too many padding bits in the second sub-codebook, moderator suggests Rel-18 don’t support simultaneous configuration of multi-cell PDSCH scheduling and multi-PDSCH scheduling within a same PUCCH group. 
Hence, Proposal 4-5 is provided for discussion.


· On support of HARQ-ACK codebook types

In RAN1#110 meeting, the supported HARQ-ACK codebook types have been extensively discussed and below proposal is captured in FL summary#6.
	Proposal 4-4:
· Updating below working assumption. 
Working Assumption
· All HARQ-ACK codebook types (Type-1, Rel-15 Type-2, Rel-16 Type-3, Rel-17 Type-3/2/3) are applicable when multi-carrier cell PDSCH scheduling is configured.
· Rel-16 Type-2 HARQ-ACK codebook is not applicable when multi-cell PDSCH scheduling is configured.



According to the conclusion from RAN#97 meeting, enhanced Type-2 HARQ-ACK codebook is not supported for multi-cell scheduling in Rel-18.
	Conclusion:
· Deprioritize any optimization for unlicensed spectrum operation for designing the multi-cell PUSCH/PDSCH scheduling in Rel-18.
· Enhanced Type-2 HARQ-ACK codebook is not supported for the multi-cell PUSCH/PDSCH scheduling in Rel-18.
· 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 in Rel-18.
· Additional restriction(s) can be discussed in RAN1
· Configuring more than one scheduling cell for DCI format 0_X/1_X for each scheduled cell is not supported for the multi-cell PUSCH/PDSCH scheduling in Rel-18.




Since Rel-16 Type-3 HARQ-ACK codebook and Rel-17 Type-3 HARQ-ACK codebook can be applied directly for multi-cell scheduling, moderator suggests confirming below working assumption and Proposal 4-6 is provided for discussion.



1st round of discussions
Proposal 4-1:
· For determining the timing of a PUCCH carrying HARQ-ACK information corresponding to a set of co-scheduled PDSCHs by a DCI format 1_X, the reference PDSCH is the last PDSCH ending last among the set of co-scheduled PDSCHs.

Companies are encouraged to provide comments in the table below.
	Company
	Comment

	MTK
	Support

	Qualcomm
	We support the proposal.

	Nokia, NSB
	We can live with this. But maybe we would need to be more precise what ‘last’ means here, i.e. the PDSCH ending last… 

	Apple
	Support the proposal with the understanding that the last PDSCH means “PDSCH ending last”

	Langbo
	Support the proposal if “the last PDSCH” means “the PDSCH ending last”.

	Huawei, HiSilicon
	Support

	Intel
	We support the proposal, with the clarification that it is the PDSCH with last ending symbol. 

	ZTE
	The last PDSCH should clarified when the last PDSCH indicated by the DCI is actually not transmitted due to slot format collision.

	Moderator
	OK to revise it as “the PDSCH ending last”.

	CMCC
	Support

	New H3C
	Support

	CATT
	Share same understanding with Apple.

	vivo
	Ok with Nokia’s clarification.

	LGE
	OK

	Samsung
	Ordering of PDSCHs based on cell index is aligned with Rel-17 behavior and enables a unified solution for PUCCH slot determination, DAI definition, and last DCI definition. So, the PDSCH with the largest cell index should be used. 
For progress, OK to go with the majority if a benefit/reason for not having a unified treatment for the above parameters is explained. 

	Spreadtrum
	OK with the proposal for progress.

	Xiaomi
	Support the Nokia’s update.

	NTT DOCOMO
	Support this proposal and also fine to clarify that the last PDSCH means “the PDSCH ending last”.

	Ericsson
	OK with the latest revision to clarify “PDSCH ending last”
Samsung: Reference PDSCH is important for timing of PUCCH. How, for CB construction, based on indicated DAI in DCI, we associate DAI to co-scheduled PDSCHs, is a next problem. In solving that, I agree with your view that we should reuse the existing ordering.

	ITRI
	Support 

	Moderator2
	The proposal is updated as below:
Proposal 4-1rev1:
· For determining the timing of a PUCCH carrying HARQ-ACK information corresponding to a set of co-scheduled PDSCHs by a DCI format 1_X, the reference PDSCH is the last PDSCH ending last among the set of co-scheduled PDSCHs.


	Apple
	Support the updated proposal 

	Qualcomm
	OK with the updated proposal.

	Intel
	We are fine with the updated proposal. 

	OPPO
	OK with the principle. The proposal may need to tell a time unit to measure “ending last”, and hopefully there would never be two PDSCH with the same “ending” in that time unit.  

	New H3C
	OK with the updated proposal.

	NTT DOCOMO2
	We are fine with the updated proposal.

	MTK
	Support the updated proposal.

	Moderator3
	@OPPO:
Even there are two PDSCHs ending at same symbol, it does not impact on HARQ-ACK feedback timing determination. 

@Samsung:
For HARQ-ACK timing determination, using the last PDSCH as the reference PDSCH to determine HARQ-ACK feedback timing can give UE more processing time. 
If using the last PDSCH for associating DAI, there will be problem if two PDSCHs ending at same symbol, then we have to associate the DAI with cell index. 
In that sense, the unified reference PDSCH can’t be achieved. 




Proposal 4-2:
· For Type-2 HARQ-ACK codebook, a DCI format 1_X scheduling more than one cell is associated with the second sub-codebook when the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one. 


Companies are encouraged to provide comments in the table below.
	Company
	Comment

	MTK
	Fine with the proposal

	Qualcomm
	We are not OK with the proposal. Not sure why we have to take a different approach from Rel-17 multi-slot PDSCH scheduling. 

	Nokia, NSB
	Support

	Apple
	Fine with the proposal

	Langbo
	Support

	Huawei, HiSilicon
	Support

	Intel
	We support the proposal, i.e., same rule as defined in FR2-2 should be considered. 

	ZTE
	It should be associated with the first sub-codebook to reduce the codebook size. The network and the UE both know the semi-static slot formats. There is no ambiguity on the codebook size between the UE and the network. We should ensure the minimum codebook size to reduce the resource utilization. 

	Moderator
	@Qualcomm:
This takes same approach as Rel-17. Please check it.

	New H3C
	Support

	CATT
	Support

	vivo
	Support

	LGE
	Not support
We think that associating with the 1st sub-codebook is reasonable to reduce the UCI overhead/resource required for HARQ-ACK feedback. In other words, associating with the 2nd sub-codebook would cause unnecessary HARQ-ACK overhead/resource which is not desirable for the Type-2 CB case.

	Samsung
	Agree with QC that Rel-17 used the 1st sub-CB, and same solution can be re-used. 

	Xiaomi
	We want to clarify if this issue exits. Our understanding on this issue is that the PDSCH transmissions on some of the co-scheduled cells need to be hold due to the collision with the semi-static TDD configuration. However, the UE does not expect tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated for the reference cell to indicate a symbol as uplink and to detect a DCI format scheduling a reception on the symbol on another cell as indicated in 38.213. Thus it is doubtful to us if this is valid issue for MC scheduling.

	NTT DOCOMO
	Support this proposal.

	Ericsson
	Not support because the proposal is a clarification of the agreement and is not needed.
In the agreement, the 2nd CB corresponding to PDSCHs scheduled by DCI 1_X. Hence, the identifier is the scheduling DCI. Now, how many PDSCHs, on how many cells, for any reasons, that is scheduled by DCI 1_X does not matter. As long as PDSCHs are scheduled by DCI 1_X, would belong to second CB.


	ITRI
	Support

	Moderator
	@Companies which prefer 1st sub-codebook:
Please kindly check below agreement I cited it from R17 B52.6GHz.
I think we don’t need to repeat same issue in R18 MC because we really don’t have sufficient time as R17 B52.6GHz.
To me, the most straightforward thing is to reuse R17 spec to save time.

Agreement:
For a PDSCH that is scheduled by multi-PDSCH scheduling DCI and is skipped due to collision with semi-static UL symbol(s),
· For Type-1 HARQ-ACK codebook generation, the PDSCH is not considered and the HARQ-ACK bit corresponding to the PDSCH is not reported by UE.
· Note: Rel-16 procedure can be reused to handle this case.
· For Type-2 HARQ-ACK codebook generation, UE reports NACK for the PDSCH.
· FFS on HARQ-ACK bit ordering
· Note: Codebook generation in case time domain bundling is enabled can be separately discussed if time domain bundling is supported.


	Qualcomm
	We are OK with the Proposal (sorry mislead and made a wrong comment above – the proposal is consistent with Rel-17 multi-PDSCH scheduling).




Proposal 4-3:
· For Type-2 HARQ-ACK codebook, if at least one cell of a set of cells which can be co-scheduled by DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell of the set of cells is equal to 2*N, where N is the maximum number of cells which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE.



Companies are encouraged to provide comments in the table below.
	Company
	Comment

	MTK
	Fine with the proposal

	Qualcomm
	We support the proposal.

	Nokia, NSB
	Support

	Apple
	Support the proposal

	Langbo
	Support

	Huawei, HiSilicon
	We can live with it.

	Intel
	We do not support the proposal. It should be the maximum sum of number of TBs for co-scheduled PDSCHs by the DCI format 1_X, in order to reduce HARQ-ACK payload size. Above all, the payload size is quite important for HARQ-ACK codebook. We don’t think there is any difficulty to count the sum of number of configured TBs since it is purely based on semi-statically configured signaling. 

	ZTE
	We support this proposal. It follows the legacy mechanism for Type-2 codebook. 

	Moderator
	@Intel:
Determining the number of HARQ-ACK information bits per DCI format 1_X according to the maximum number of co-schedulable TBs among all the possible scheduling cell combinations can save at most 3 bits per DCI format 1_X when one DCI format 1_X can schedule maximum 4 cells and only one cell is configured with maximum 2 codewords without spatial bundling. But, UE has to check all the scheduled cell combinations in same PUCCH group leading to the largest number of HARQ-ACK bits and uses the related HARQ-ACK bit number accordingly. 
Hence, it is simpler to determine the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is equal to 2*N, where N is the maximum number of cells which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE. 

	New H3C
	Support

	CATT
	In order to save the HARQ-ACK bits of Type-2 Codebook, the number of HARQ-ACK bits can be equal to the maximum number of TBs which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE.

	vivo
	We share the same view with intel. The proposal will lead to a lot of redundant HARQ-ACK bits, which is detrimental to the reliability of the PUCCH. 

	LGE
	Not support 
We fundamentally disagree with the proposal since we don’t understand why Type-2 CB need to have such unnecessary UCI overhead, even though the Type-2 CB has originally been designed to reduce HARQ-ACK overhead (by using DCI overhead for C/T-DAI signalling) so far compared to Type-1 CB.
We don’t see the checking on the combinations of co-scheduled cells by multi-cell DCI would be complexity since it is already being done in Rel-17 for multi-TTI scheduling, i.e., checking all the TDRA rows configured in all the cells configured with the multi-TTI scheduling within PUCCH group, to find the maximum number of SLIVs for determining the HARQ-ACK bits for 2nd sub-CB.

	Samsung
	Prefer to use maximum number of TBs which can be co-scheduled. There is no reason to unnecessarily increase HARQ-ACK payload, reduce coverage, and there is no complexity for using the maximum number of TBs that can be co-scheduled. 
Also, we are not sure of the intention for the comment from FL in the discussion above: “UE has to check all the scheduled cell combinations in same PUCCH group leading to the largest number of HARQ-ACK bits and uses the related HARQ-ACK bit number accordingly”. That is a most trivial matter and is done semi-statically.

	Xiaomi
	Our preference is the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is equal to the actually number of co-scheduled TBs. The spirit of the type 2 codebook is to determine the number of HARQ-ACK bits based on the actual scheduled TBs. We think the principle should be persisted here

	NTT DOCOMO
	Support this proposal.

	Ericsson
	Not support.
We share same view as other companies that the size of CB, can be the maximum number of IBs. But it doesn’t mean that is it always the maximum number of TBs (if the size is fixed, what is the point of using Type-2).


	Moderator2
	For a UE, when there are multiple sets of cells configured for multi-cell scheduling, e.g., set 1 including {CC1, CC2}, set 2 including {CC3, CC4, CC5, CC6} and set 3 including {CC7, CC8, CC9, CC10, CC11, CC12}, cells in each set are configured independently with 1 or 2 TBs per cell with or without spatial bundling, then it is complicated for UE to determine a maximum co-schedulable TBs for all sets.
Why not just set 2*N although this is sub-optimal? 
As mentioned above, max 3 bits are saved per DCI format 1-X.


	OPPO
	We do see there is some better solution than 2*N. 
HARQ-ACK codebook size highly impacts PUCCH reliability, so we prefer to go with Alt 1: the number of HARQ-ACK information bits for each DCI format 1_X is equal to the maximum number of TBs which can be co-scheduled. 
On the other hand, if the concern is UE has to check all the possible cell combinations, we can simplify the above method as Alt 3: 
Alt 3: The number of HARQ-ACK bits for each DCI format 1_X is the sum of largest N values in {Ci}, Ci is the maximum number of codewords for cell i in the set of cells.
For example, assuming the maximum number of codewords for cell 1/2/3 is 1 while cell 4 is configured with maximum 2 codewords. The cell combination that can be co-scheduled by DCI format 1_X are {cell 1+cell 2+cell 3}, {cell 3+cell 4}, then if Alt 2 (2*N) is adopted, the number of HARQ-ACK bits for each DCI format 1_X is 2*3=6 bits, while if Alt 1 is used, the number of HARQ-ACK bits is max{1+1+1, 1+2}=3; if the new Alt 3 is applied, the number of HARQ-ACK bits is 2+1+1=4, and UE does not need to check all the possible cell combinations.

	LGE
	@FL:
We really don’t see complexity issue here since similar (or even worse) situations were already with R17 multi-TTI scheduling. 
For a UE, when there are multiple cells configured with multi-TTI scheduling, the maximum number of SLIVs configured in TDRA table would be different across cells, and 1/2-TB PDSCH configuration would also be different across cells, and moreover, the configuration of time-domain bundling and its bundling size would also be different across cells. Even in this case, we have specified to determine HARQ-ACK size per multi-TTI DCI as the max number of HARQ-ACK bits considering all combinations across all cells. 
It is quite fundamental since Type-2 CB has been designed to minimize HARQ-ACK overhead so far (by sacrificing DCI overhead for DAI signalling).

	Moderator3
	@LG:
Thanks for the clarification.
Ok, let me update the proposal to check whether companies can accept it?
Proposal 4-3rev1:
· For Type-2 HARQ-ACK codebook, if at least one cell of a set of cells which can be co-scheduled by DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell of the set of cells is equal to 2*NM, where N M is the maximum number of cells TBs which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE.





Proposal 4-4:
· For Type-2 HARQ-ACK codebook, for a set of cells which is co-scheduled by a DCI format 1_X, the reference PDSCH to determine DAI counting/last DCI format for the DCI format 1_X is the PDSCH with smallest serving cell index among the set of co-scheduled cells.


Companies are encouraged to provide comments in the table below.
	Company
	Comment

	MTK
	We prefer to also use the last PDSCH as reference PDSCH. Open to consider this proposal if clear majority thinks so.

	Qualcomm
	OK with the proposal.

	Nokia, NSB
	We could be OK with this

	Apple
	Fine to support the proposal

	Langbo
	We can live with this proposal

	Huawei, HiSilicon
	Ok

	Intel
	We are fine to use smallest serving cell index for DAI counting. 
For last PDCCH, we think it can be discussed with low priority. The current spec still works without any enhancement, considering gNB typically sets the same PRI for all PDCCHs in the same PDCCH MO (that’s why we didn’t introduce any enhancement for last DCI format for multiple PDCCHs for the same serving cell in the same PDCCH MO in Rel-16 MR-DC). If companies really want to introduce a rule for last PDCCH, we prefer to use the last PDSCH.  Besides, in our understanding, if the intention to introduce enhancement for last PDCCH is for PRI determination, it seems PRI determination is not only for type-2 codebook but also for type-1 codebook?

	ZTE
	We support this proposal.

	New H3C
	Support

	CATT
	Support

	vivo
	Support the part for determining the DAI counting. 
As intel pointed out, if the reference PDSCH of the last DCI is to determine PUCCH, then the proposal should be applicable to other CB type, e.g., type-1. We suggest to have a separate proposal for the PUCCH resource determination.
Proposal 4-4-1:
· For Type-2 HARQ-ACK codebook, for a set of cells which is co-scheduled by a DCI format 1_X, the reference PDSCH to determine DAI counting/last DCI format for the DCI format 1_X is the PDSCH with smallest serving cell index among the set of co-scheduled cells.
Proposal 4-4-2:
· For Type-2 HARQ-ACK codebook, for a set of cells which is co-scheduled by a DCI format 1_X, the reference PDSCH to determine DAI counting/last DCI format for PUCCH determination of the DCI format 1_X is the PDSCH with smallest serving cell index among the set of co-scheduled cells.

	LGE
	Support in principle, except for one clarification.
We may need to consider the case where the smallest scheduled cell index is the same for more than one DCI 1_X.

	Samsung
	Agree in principle that ordering based on cell index should be used. We suggest to use largest cell index both for this proposal and for FL P4-1 – please see comment to FL P4-1.  

	NTT DOCOMO
	We support this proposal. Especially when there are more than one PDSCHs which ends at the same timing, how to determine the reference PDSCH for DAI counting/last DCI format determination needs to be clarified.

	Ericsson
	Not support (but agree with intention. Please see below):
Agree with vivo that we have to separate DAI and last DCI.
For DAI:
· We agree with vivo’s modification.
For last DCI:
· We should use “the PDSCH ending last”. In fact, the same reference PDSCH that is used for timing of PUCCH. Otherwise, it is unnecessary complicated.


	Moderator2
	Thanks vivo/Ericsson for the good comments. 
Now the proposal is updated as below:

Proposal 4-4rev1:
· For Type-2 HARQ-ACK codebook, for a set of cells which is co-scheduled by a DCI format 1_X, the reference PDSCH to determine DAI counting/last DCI format for the DCI format 1_X  is the PDSCH with smallest serving cell index among the set of co-scheduled cells.
· For a set of cells which is co-scheduled by a DCI format 1_X, the reference PDSCH to determine last DCI format for PUCCH determination of the DCI format 1_X is the PDSCH ending last among the set of co-scheduled cells.


	New H3C
	OK with the updated proposal.

	MTK
	OK with the updated proposal.

	LGE
	On the updated proposal 4-4rev1 in above, we are fine with the 1st bullet.
But, we are a bit confused with the 2nd bullet, due to following question point.
How the last DCI is determined in case where multi-cell DCI(s) and single-cell DCI(s) are exist together?

	Moderator3
	@LG:
Based on P4-4rev1, assuming PDSCH 1 on CC1 is the reference PDSCH for determining last DCI of DCI 1_X, if a single cell DCI schedules PDSCH 2 on CC2, and CC1<CC2, then 1_X is the last DCI compared with the single cell DCI. The legacy ordering is reused here. 





Proposal 4-5:
· UE does not expect to be configured both multi-PDSCH scheduling and multi-cell PDSCH scheduling on the same or different cells within a same PUCCH group.


Companies are encouraged to provide comments in the table below.
	Company
	Comment

	MTK
	Support

	Qualcomm
	We prefer to keep this open.

	Nokia, NSB
	Support

	Apple
	Support the proposal 

	Langbo
	Support

	Huawei, HiSilicon
	Support

	Intel
	We do not support the proposal. Given that multi-slot PDCCH monitoring and multi-PDSCH scheduling were defined as basic features for FR2-2, where one PDCCH can be used to schedule more than one PDSCHs in a cell, if only single-slot PDSCH is configured, most of the slots are not used for PDSCH transmission, which would degrade the spectrum efficiency substantially

	ZTE 
	We think they can be configured simultaneously as long as the gNB can ensure the HARQ-ACK information bits for multi-cell scheduling and the HARQ-ACK information bits for multi-PDSCH scheduling are not multiplexed in the same PUCCH or PUSCH. 

	Moderator
	@Intel @ZTE:
Actually, I agree with you on the use case. But we don’t have enough TU. As you know, only 1TU is left for whole Q4. We have to perform down-scoping.

	New H3C
	Support

	CATT
	Support

	vivo
	Support.

	LGE
	We still think simultaneous configuration of the above two features needs to be supported to avoid scheduling restriction in FR1+FR2 CA case since the multi-TTI scheduling is basic feature in FR2-2 operation. Regarding the concern on Type-2 HARQ-ACK codebook, simply the DCIs scheduling multiple PDSCHs (regardless whether the DCI schedules multiple cells or multiple slots) are merged into a same sub-codebook.
But, considering the progress, we can live with the proposal if we are the only company objecting such way of configuration restriction.

	Samsung
	Support

	Xiaomi
	Support

	NTT DOCOMO
	We share the similar view with QC, Intel and ZTE to keep it open. In our view, the only thing needs to be discussed to support multi-slot PDSCH simultaneously is how to determine the number of HARQ-ACK bits for type-2 codebook and it does not complex the discussion. Therefore, to efficient scheduling of wide frequency band, we prefer to support multi-slot PDSCH scheduling and multi-cell scheduling simultaneously.

	Ericsson
	We can be OK to support simultaneous configuration as LG suggest. We can disallow then simultaneous transmission of HARQ-ACK feedback of both in the same CB. Please see our corresponding proposal in our contribution.

	Moderator2
	@LGE @QC @ZTE

If HARQ-ACK information bits for multi-PDSCH scheduling and multi-cell scheduling are merged into a same sub-codebook, I am afraid too many padding bits have to be inserted since a DCI format 1_X can schedule maximum 4 PDSCHs while a DCI format 1_1 for multi-PDSCH scheduling can schedule maximum 8 PDSCHs. If it works, why simultaneous CBG configuration and multi-PDSCH scheduling can’t be supported? Seems max number of CBGs per TB is 8 equals to max number of PDSCHs scheduled by one DCI. 
Based on above, to simplify HARQ-ACK codebook design and avoid the case where the number of sub-codebooks exceeds 2 or too many padding bits in the second sub-codebook, moderator suggests Rel-18 don’t support simultaneous configuration of multi-cell PDSCH scheduling and multi-PDSCH scheduling within a same PUCCH group. 


	OPPO
	Support.

	New H3C
	Support







Proposal 4-6:
· Confirm below working assumption:
Working Assumption
· All HARQ-ACK codebook types (Type-1, Rel-15 Type-2, Rel-16 Type-3, Rel-17 Type-3/2/3) are applicable when multi-carrier cell PDSCH scheduling is configured.


Companies are encouraged to provide comments in the table below.
	Company
	Comment

	MTK
	Generally fine with the proposal

	Qualcomm
	We think no need to hurry to confirm this. 

	Nokia, NSB
	Support

	Apple
	Support the proposal 

	Langbo
	Support

	Huawei, HiSilicon
	Support but also Ok to wait. WA can be automatically confirmed in the end if no issue is found.

	Intel
	We are fine with the proposal. 

	ZTE
	Support.

	CMCC
	We are fine with the proposal.

	New H3C
	Support

	CATT
	Support

	vivo
	Support.

	LGE
	Support

	Samsung
	Support

	Xiaomi
	Support

	NTT DOCOMO
	Support

	Ericsson
	Support

	ITRI
	Support

	OPPO
	Support.






Proposals for GTW discussion
Proposal 2-1:
· Confirm below working assumption reached in RAN1#110 meeting.
Working Assumption
· The maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 is 4.
· The maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 is 4.


Proposal 3-1:
· At least below fields are excluded from DCI format 1_X/0_X:
· CBGTI
· CBGFI
· PDSCH group index
· New feedback indicator
· Number of requested PDSCH group(s)
· Sidelink assignment index
· Second TPC command for scheduled PUSCH 
· Second SRS resource indicator 
· Second Precoding information 
· Second PTRS-DMRS association 
· Second TPC command for scheduled PUCCH 


Proposal 3-3rev2:
· For DCI format 1_X/0_X, 
· Type-1 fields at least include below:
· Type-1A:
· Priority indicator
· ChannelAccess-CPext
· Type-1B fields at least include below:
· Indicator of co-scheduled cells
· Type-1C fields at least include below:
· beta offset indicator
· CSI request
· UL-SCH indicator
· Invalid symbol pattern indicator

Proposal 3-4rev1:
· For a set of cells co-scheduled by a DCI format 0_X/1_X, time domain resource allocations for the set of cells are jointly indicated by a single TDRA field in the DCI format 0_X/1_X by pointing to one row of a RRC configured TDRA table. 
· Separate {SLIV, mapping type, scheduling offset K0 (or K2)} are configured in the row for each of co-scheduled PDSCHs/PUSCHs.
· FFS details of the TDRA table design

Proposal 3-5rev1:
· For multi-cell scheduling, the co-scheduled cells are indicated by an indicator in DCI format 0_X/1_X which points to one row of a table defining combinations of co-scheduled cells.
· The table is configured by RRC signaling.

Proposal 4-1rev1:
· For determining the timing of a PUCCH carrying HARQ-ACK information corresponding to a set of co-scheduled PDSCHs by a DCI format 1_X, the reference PDSCH is the PDSCH ending last among the set of co-scheduled PDSCHs.

Proposal 4-2:
· For Type-2 HARQ-ACK codebook, a DCI format 1_X scheduling more than one cell is associated with the second sub-codebook when the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one. 

Proposal 4-4rev1:
· For Type-2 HARQ-ACK codebook, for a set of cells which is co-scheduled by a DCI format 1_X, the reference PDSCH to determine DAI counting is the PDSCH with smallest serving cell index among the set of co-scheduled cells.
· For a set of cells which is co-scheduled by a DCI format 1_X, the reference PDSCH to determine last DCI format for PUCCH determination of the DCI format 1_X is the PDSCH ending last among the set of co-scheduled cells.
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List of agreements:

Agreements made in RAN1#109-e
Agreement
Agree the following terminologies ONLY for convenience of discussion:
· DCI format 0_X is used for scheduling multiple PUSCHs on multiple cells with one PUSCH per cell
· DCI format 1_X is used for scheduling multiple PDSCHs on multiple cells with one PDSCH per cell.
The above does not imply introducing new DCI format(s) at this point.

Agreement
· Different TBs are scheduled on different cells by DCI format 0_X.
· Different TBs are scheduled on different cells by DCI format 1_X.

Agreement
Fallback DCI (i.e., DCI formats 0_0 and 1_0) does not support multi-cell scheduling.


Agreement
The DCI for multi-cell scheduling is monitored only in USS set.

Agreement
· PDSCH cannot be scheduled by DCI format 0_X. 
· PUSCH cannot be scheduled by DCI format 1_X. 

Agreement
· All the co-scheduled cells by a DCI format 1_X and the scheduling cell are included in the same PUCCH group.
· FFS: All the co-scheduled cells by a DCI format 0_X and the scheduling cell are included in the same [cell or PUCCH group].

Agreement
· DCI format 0-X/1-X on a scheduling cell can be used to schedule PUSCHs/PDSCHs on multiple cells including the scheduling cell.
· DCI format 0-X/1-X on a scheduling cell can be used to schedule PUSCHs/PDSCHs on multiple cells not including the scheduling cell.

Agreement
· For a UE, the maximum number of cells scheduled by a DCI format 0_X can be same or different to the maximum number of cells scheduled by a DCI format 1_X.

Working Assumption
· All HARQ-ACK codebook types (Type-1/2/3) are applicable when multi-carrier PDSCH scheduling is configured.

Agreement
· One value for the maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 is selected from {3, 4, 8}.
· For a UE, the maximum number of co-scheduled cells by a DCI format 0_X can be smaller than or equal to the maximum number supported in Rel-18.

Agreement
· One value for the maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 is selected from {3, 4, 8}.
· For a UE, the maximum number of co-scheduled cells by a DCI format 1_X can be smaller than or equal to the maximum number supported in Rel-18.

Agreement
· (Working assumption) DCI format 0_X/1_X is a new DCI format for multi-cell scheduling
· DCI format 0_X can be used for single cell PUSCH scheduling.
· DCI format 1_X can be used for single cell PDSCH scheduling.
· FFS: UE monitors one of or both multi-cell scheduling DCI and legacy single cell scheduling DCI for a scheduled cell.

Agreement
· DCI format 0-X/1-X can be transmitted on PCell.
· DCI format 0-X/1-X can be transmitted on a SCell at least when the DCI format 0-X/1-X does not schedule PUSCH/PDSCH on PCell.
· FFS whether a DCI format 0-X/1-X can be transmitted on an SCell if the DCI format 0-X/1-X schedules PUSCH/PDSCH on PCell. 

Agreement
Further study DCI size budget including below options for multi-cell scheduling DCI: 
· Option 1: Existing DCI size budget is maintained per scheduled cell.
· Alt 1-1: DCI size budget is maintained via DCI size alignment and DCI size budget of DCI format 0_X/1_X is counted for each of the co-scheduled cells.
· Alt 1-2: DCI size budget is maintained via configured size for multi-cell scheduling DCI and DCI size budget of DCI format 0_X/1_X is counted for each of the co-scheduled cells.
· Alt 1-3: DCI size budget is maintained via DCI size alignment and DCI size budget of multi-cell scheduling DCI is counted only in one scheduled cell.
· Option 2: Existing DCI size budget is not necessarily maintained per scheduled cell. 
· Alt 2-1: DCI size budget of multi-cell scheduling DCI is counted only in one scheduled cell.
· Alt 2-2: DCI size budget of multi-cell scheduling DCI is not counted per serving cell and not considered in the related serving cell specific DCI size alignment procedure, e.g., for K co-scheduled cells, gNB guarantee the total budget of 3*K DCI sizes is not exceeded.
· Alt 2-3: voiding the “3+1” limit for multi-cell scheduling
· Alt 2-4: the DCI size budget for DCI size alignment can be separately configured for each cell
· Alt 2-5: DCI size budget of the scheduling cell can be increased to account for the DCI format for multi-cell scheduling. Accordingly, the DCI size budget of a scheduled cell can be reduced.
· Other options/alternatives could be considered.

Agreement
Further study BD/CCE counting for multi-cell scheduling DCI based on below options: 
· Alt 1: counted on each co-scheduled cell 
· Alt 2: counted only in one scheduled cell
· Alt 3: scaled down to each of co-scheduled cell according to the number of co-scheduled cells
· Alt 4: counted as part of the scheduling cell instead of each scheduled cell
· Alt 5: scaled down to each of scheduled cells excluding scheduling cell
· Alt 6: counted on each co-scheduled cell excluding scheduling cell
· Other alternatives could be considered.

Agreement
For multi-cell scheduling, the co-scheduled cells are indicated by DCI format 0_X/1_X. At least the following options are considered:
· Option 1: An indicator in the DCI points to one row of a table defining combinations of scheduled cells. 
· The table is configured by RRC signaling.
· FFS: Separate tables can be configured for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling.
· Option 2: An indicator in the DCI is a bitmap corresponding to a set of configured cells that can be scheduled by the DCI 0_X/1_X 
· FFS: Separate sets of configured cells for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling.
· Option 3: using existing field (e.g., CIF, FDRA) to indicate whether one or more cells are scheduled or not
· Other options are not precluded.
· Note: It does not preclude other DCI information fields (e.g., BWP) to be jointly indicated by the indicator of the co-scheduled cells. 

Agreement
For design of multi-cell scheduling DCI, companies are encouraged to consider following types of DCI fields: 
· Type-1 field: A single field indicating common information to all the co-scheduled cells or separate information to each of co-scheduled cells via joint indication or an information to only one of co-scheduled cells
· Type-2 field: Separate field for each of the co-scheduled cells, or each sub-group comprising one or more co-scheduled cells where a single field is commonly applied to the co-scheduled cells belonging to a same sub-group
· Type-3 field: Common or separate to each of the co-scheduled cells or to each sub-group.
· FFS: whether it is dependent on explicit configuration or implicit condition (e.g., intra or inter band CA, FR1 or FR2).
· Other types are not precluded.


Agreements made in RAN1#110

Agreement
All the co-scheduled cells by a DCI format 0_X and the scheduling cell are included in the same PUCCH group.

Agreement
Confirm below working assumption reached in RAN1#109e meeting. 
· (Working assumption) DCI format 0_X/1_X is a new DCI format for multi-cell scheduling

Working Assumption
For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from a same scheduling cell. 
· The DCI format 0_X/1_X and the legacy DCI format(s) can be monitored simultaneously. 
· FFS: whether monitoring of the DCI format 0_X/1_X and the legacy DCI format(s) is supported for one, a subset, or all cells within the set of cells. 
· FFS: number of different DCI sizes for 0_X/1_X and for legacy DCI formats
· FFS: whether to support a subset or all legacy DCI format(s) to be monitored with DCI 0_X/1_X

Working Assumption
· The maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 is 4.
· The maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 is 4.
· FFS: The maximum number of configurable cells for co-scheduling

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.

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


Agreement
· When UE detects a DCI format 1_X scheduling a set of PDSCHs, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot , where  is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format and  is the last UL slot overlapping with the DL slot  for the reference PDSCH reception for slot-based PUCCH or an UL slot overlapping with the end of the reference PDSCH reception in DL slot  for sub-slot based PUCCH.
· FFS details of reference PDSCH

Agreement
· For Type-2 HARQ-ACK codebook, two sub-codebooks are generated with a first sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each scheduling a single cell and a second sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each scheduling more than one cell. 
· Separate DAI counting for DCI(s) with each scheduling a single cell and DCI(s) with each scheduling more than one cell. 
· FFS whether a DCI scheduling more than one cell is associated with the first sub-codebook or the second sub-codebook when the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one.
· Type-2 HARQ-ACK codebook is generated by concatenating the first sub-codebook and the second sub-codebook.
· If at least one cell of the set of cells which can be co-scheduled by a DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, 
· FFS: the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell;
· Otherwise, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is equal to N, where N is the maximum number of cells which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE.
· HARQ-ACK information bits for co-scheduled PDSCHs by a DCI format 1_X is ordered based on serving cell indices associated with co-scheduled PDSCHs.
· HARQ-ACK bundling across co-scheduled cells is not supported for multi-cell scheduling.

Agreement
UE does not expect to be configured both CBG-based PDSCH/PUSCH transmission and the multi-cell PDSCH/PUSCH scheduling on the same or different cells within a same PUCCH group.

Agreement
· At least cases 1-1 and 1-2 on SCS are supported:
· Case 1-1: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells including the scheduling cell and same SCS is used among all the co-scheduled cells including the scheduling cell.
· Case 1-2: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells not including the scheduling cell and same SCS is used among all the co-scheduled cells which may be same or different to the SCS of the scheduling cell.
· Case 1-3: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells including the scheduling cell and different SCS is used among the co-scheduled cells including the scheduling cell.
· Case 1-4: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells not including the scheduling cell and different SCS is used among the co-scheduled cells.
· FFS: Whether Case 1-3 or 1-4 is additionally supported.

Agreements made in RAN#97
Conclusion:
· Deprioritize any optimization for unlicensed spectrum operation for designing the multi-cell PUSCH/PDSCH scheduling in Rel-18.
· Enhanced Type-2 HARQ-ACK codebook is not supported for the multi-cell PUSCH/PDSCH scheduling in Rel-18.
· 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 in Rel-18.
· Additional restriction(s) can be discussed in RAN1
· Configuring more than one scheduling cell for DCI format 0_X/1_X for each scheduled cell is not supported for the multi-cell PUSCH/PDSCH scheduling in Rel-18.

Conclusion:
· Followings are excluded from multi-cell PDSCH/PUSCH scheduling in Rel-18.
· SCell schedules multiple cells including P(S)Cell
· Different SCS among co-scheduled cells
· Different carrier type (licensed or unlicensed, FR1 or FR2-1 or FR2-2) among co-scheduled cells
· Configuration of both multi-cell PDSCH/PUSCH scheduling and multi-TRP for a scheduled cell
· Support for any sidelink scheduling

Conclusion:
· Following is excluded from multi-cell PDSCH/PUSCH scheduling in Rel-18.
· PCell schedules multiple cells by DCI format 0_X/1_X when a sSCell is configured to schedule PCell
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