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Introduction
In RP #94-e meeting, a New WID on Multi-carrier enhancements has been approved [1]:
The objective of the WID includes:
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
To support multiple cell scheduling via a single DCI, several aspects regarding of DCI field and PDCCH monitoring may needs to be discuss.
Discussion
As mentioned in the WID [1], NR in Rel-18, is going to introduce gNB multiple of PDSCH/PUSCH reception and transmissions among multiple cells via single DCI to boost data rate as well as saving scheduling overhead on the scheduling cell. It is noted that, the multiple cell scheduling may be based on a CA mechanism. In legacy, the multiple cell scheduling may introduce overhead on PDCCH since the multiple of PDSCH/PUSCH reception and transmissions among multiple cells may need to be indicated through multiple of DCI resulting in increasing the number of DCI transmitted by the gNB on PDCCH of scheduling cell. Increasing the number of DCI may cost a huge amount of blind decoding and control element budget.
In order to introduce the multiple cell scheduling via single DCI mechanism, the information indicated by the DCI for PDSCH/PUSCH may needs to be enhanced. In addition, PDCCH monitoring restriction defined in legacy may also need to be improved or released.
DCI fileds
[bookmark: _Hlk861261]In legacy, several DCI formats were defined for scheduling PDSCH/PUSCH reception and transmissions. And, each format of DCI carries several fields which indicate corresponding information for dealing with the scheduled PDSCH/PUSCH. For example, the DCI may at least indicate UE HARQ process, new data indicator (NDI) and time domain resource allocation (TDRA)/frequency domain resource allocation (FDRA).

HARQ information
A MAC entity of a UE may consist of a number of HARQ entities and each associate with a configured serving cell. The each of HARQ entity may support more than one (a parallel of) DL and/or UL HARQ process. In both uplink and downlink, there is one independent HARQ entity per serving cell and one transport block (TB) is generated per assignment (DL scheduling)/grant (UL scheduling) per serving cell. Each TB and its potential HARQ retransmissions are mapped to a single serving cell. In DL, for each TB scheduled by the gNB, the gNB also indicates UE whether the TB is for initial transmission or for retransmission which may need different HARQ processing steps. The indication relies on a NDI field. The NDI value itself may be utilized by the UE for corresponding determination.
TDRA information
A time domain relation between PDCCH and PDSCH is determined by UE based on a Time Domain Resource Allocation (TDRA) table pre-configured by a DL RRC signaling and a time domain resource assignment (field) carried by a scheduling DCI which schedules the PDSCH/PUSCH reception. The TDRA table may contain multiple sets of K0/K2, S and L. Wherein K0/K2 may be represented as Slot offset between DCI and its scheduled PDSCH/PUSCH. The S may be represented as a starting symbol of the PDSCH/PUSCH reception. The L may be represented as a length of PDSCH/PUSCH. S and L may also be indicated via a start and length indicator (SLIV).
FDRA information
The frequency resource for a scheduled PDSCH/PUSCH is indicated by a FDRA field carried by the scheduling DCI.
However, once the multiple PDSCHs/PUSCHs via single DCI mechanism is introduced, it is not clear how UE would be indicated with TDRA/FDRA information for the multiple of scheduled PDSCHs/PUSCHs by the TDRA/FDRA field of the scheduling DCI and it is also not clear how the NDI information may be carried for each of the multiple of TBs corresponding to each of the scheduled PDSCHs.
Proposal 1: To discuss the extension information of scheduling DCI for the multiple cell scheduling via single DCI.
Proposal 2: The extension information includes HARQ process number, NDI and TDRA/FDRA information.

PDCCH monitoring
A DCI scheduling multiple cells at least includes cross-carrier scheduling, it is also beneficial to support self-scheduling to further reduce PDCCH overhead.
A DCI scheduling multiple cells is likely to have a larger size compared to DCI format 0_1 and DCI format 1_1. To keep the same reliability, more CCEs may be required for a DCI scheduling multiple cells. As a result, it is better to monitor DCIs scheduling multiple cells in a SCell with larger bandwidth which can provide more PDCCH resource. Since sSCell scheduling PCell is introduced in Rel-17, it is beneficial to also support a DCI scheduling multiple cells including PCell, which may not add much specification work.
Proposal 3: Support selfscheduling for a DCI scheduling multiple cells.
Proposal 4: Support monitoring in a SCell for a DCI scheduling multiple cells.
Proposal 5: Support monitoring in a sSCell for a DCI scheduling multiple cells including PCell.

A DCI scheduling multiple cells is monitored for the multiple cells. Assuming only one set of cells may be scheduled by the DCI, there should be only one DCI size for the DCI format. Then, how to determine the DCI size budget for the multiple cells scheduled by the DCI needs to be determined. That is, whether it is counted towards the DCI size budget for all scheduled cells or whether it is counted towards one of the scheduled cells needs to be determined.
If a DCI scheduling multiple cells is defined as a new DCI format, the DCI size alignment procedure needs to be enhanced to take into account the new DCI format. If a DCI scheduling multiple cells is by reusing legacy DCI formats, e.g., DCI format 0_1 and DCI format 1_1, the legacy DCI size alignment procedure may be reused.

Proposal 6: Discuss how to count the size of a DCI scheduling multiple cells towards the DCI size budgets.
Proposal 7: If a DCI scheduling multiple cells is defined as a new DCI format, the DCI size alignment procedure needs to be enhanced to take into account the new DCI format.
In current specification, search space configuration for cross-carrier scheduling uses search space linking method. For configuration of a search space for a DCI scheduling multiple cells, the search space linking method should be reused as a baseline. Details including how to configure the number of candidates for the DCIs scheduling multiple cells can be further discussed.
Proposal 8: Reuse search space linking method for configuration of a search space for a DCI scheduling multiple cells.

Conclusions
In this contribution, we discussed the issues regarding of DCI fields and PDCCH monitoring for multiple PDSCH/PUSCH scheduling via single DCI. We propose:
Proposal 1: To discuss the extension information of scheduling DCI for the multiple cell scheduling via single DCI
Proposal 2: The extension information includes HARQ process number, NDI and TDRA information.
Proposal 3: Support self-scheduling for a DCI scheduling multiple cells.
Proposal 4: Support monitoring in a SCell for a DCI scheduling multiple cells.
Proposal 5: Support monitoring in a sSCell for a DCI scheduling multiple cells including PCell.
Proposal 6: Discuss how to count the size of a DCI scheduling multiple cells towards the DCI size budgets.
Proposal 7: If a DCI scheduling multiple cells is defined as a new DCI format, the DCI size alignment procedure needs to be enhanced to take into account the new DCI format.
Proposal 8: Reuse search space linking method for configuration of a search space for a DCI scheduling multiple cells.
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