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Introduction
In [1], a new Rel17 WI on NR Dynamic spectrum sharing (DSS) was approved with below objectives

This work item is limited to FR1, and includes the following objectives for NR Dynamic Spectrum Sharing (DSS):
· PDCCH enhancements for cross-carrier scheduling including [RAN1, RAN2]
· PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell
· Study, and if agreed specify PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI
· The number of cells can be scheduled at once is limited to 2
· The increase in DCI size should be minimized
· [bookmark: _Hlk27038352]Note: The total PDCCH blind decoding budget should not be changed as a result of this work
· Note: These enhancements are not specific to DSS and are generally applicable to cross-carrier scheduling in carrier aggregation

In this document, we identify the issues for discussion for the study on “PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI”.
Discussion
In current Rel-15/16 framework, a PDCCH can schedule PDSCH on only one cell using DCI formats 1-0/1-1/1-2. In case of self-carrier scheduling, the PDCCH and PDSCH are received on the same serving cell. For cross-carrier scheduling, a PDCCH is received on a scheduling cell (cell A) and the corresponding PDSCH may be received on a scheduled cell which may be same as the scheduling cell (cell A) or on another cell (cell B). 
For single DCI scheduling PDSCH on two cells, one PDCCH DCI format on the scheduling cell (e.g. cell A) has to schedule a PDSCH e.g. for the scheduling cell (cell A) and also one other PDSCH for another scheduled cell (cell B). As stated in the study objectives, the increase in DCI size should be minimized for the PDCCH DCI format with single DCI.
Below we list some aspects that need to be considered in the study
1. When single DCI is used to schedule PDSCH on two cells, whether the two scheduled cells are allowed to have different configuration for at least the following attributes:
a. Numerology used on each scheduled cell
b. Channel BW (and BWP BW) of each scheduled cell
c. MIMO configuration of each scheduled cell
d. HARQ processes/TBs/MCSs of each scheduled cell
e. FDRA/TDRA (including type) used for each scheduled cell
2. [bookmark: _Hlk47529891]When single DCI is used to schedule PDSCH on two cells, whether the corresponding DCI format always schedules PDSCH on both cells, or whether it is also used to schedule single cell PDSCH.
3. When UE monitors the DCI format for single DCI scheduling PDSCH on two cells, whether the UE can be configured to also monitor existing DCI format(s) scheduling PDSCH on single cell (i.e. 1-0/1-1/1-2).
4. Handling DCI size budget and DCI size-matching when UE is configured to monitor the DCI format for single DCI scheduling PDSCH on two cells.   
5. Whether the DCI format supports the functionality of all the DCI fields specified for existing DCI formats or whether it supports only a limited subset of DCI fields. 
6. For each DCI field of the DCI format, whether the DCI field jointly indicates the functionality for both PDSCH or whether separate DCI fields for each PDSCH are used.

CA is a native feature of NR supported from Rel15 and it is used for aggregating carriers with a wide variety of attributes depending on the specific deployment scenario. This flexibility provided by CA should be retained even when single DCI scheduling PDSCH on two cells is used. 
From performance perspective, the relative overhead impact of using single DCI for scheduling PDSCH on two cells should be compared with use of separate existing DCI for each PDSCH. The comparison should be made for same reliability of PDCCH reception. i.e., if an existing DCI format can achieve X% PDCCH BLER at a given SNR using a total of Y CCEs to schedule the PDSCHs (e.g. Y/2 CCEs for the DCI format of each cell), then number of CCEs (Y1) required by the DCI format scheduling PDSCH on two cells to achieve the same PDCCH BLER at the same SNR should be evaluated. Also, any difference is scheduling flexibility when compared to existing DCI formats should be considered as part of the evaluations.

Conclusions
In this document we discuss the study on “PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI” and propose the following
Proposal 1 
Study the following design aspects for single DCI scheduling PDSCH on two cells
a) When single DCI is used to schedule PDSCH on two cells, whether the two scheduled cells are allowed to have different configuration for at least the following attributes:
i. Numerology used on each scheduled cell
ii. Channel BW (and BWP BW) of each scheduled cell
iii. MIMO configuration of each scheduled cell
iv. HARQ processes/TBs/MCSs of each scheduled cell
v. FDRA/TDRA (including type) used for each scheduled cell
b) When single DCI is used to schedule PDSCH on two cells, whether the corresponding DCI format always schedules PDSCH on both cells or whether it is also used to schedule single cell PDSCH.
c) When UE monitors the DCI format for single DCI scheduling PDSCH on two cells, whether the UE can be configured to also monitor existing DCI format(s) scheduling PDSCH on single cell (i.e. 1-0/1-1/1-2).
d) Handling DCI size budget and DCI size-matching when UE is configured to monitor the DCI format for single DCI scheduling PDSCH on two cells.   
e) Whether the DCI format supports the functionality of all the DCI fields specified for existing DCI formats or whether it supports only a limited subset of DCI fields. 
f) For each DCI field of the DCI format, whether the DCI field jointly indicates the functionality for both cells or whether separate DCI fields for each cell are used to indicate the respective functionality.

Proposal 2 
Study the following performance aspects for single DCI scheduling PDSCH on two cells
a) Overhead analysis 
i. If existing DCI formats can achieve X% effective PDCCH BLER at a given SNR using a total of Y CCEs to schedule the PDSCHs (e.g. Y/2 CCEs for the DCI format of each cell), then number of CCEs (Y1) required by the DCI format for scheduling PDSCH on two cells to achieve the same PDCCH BLER at the same SNR should be evaluated.
ii. Impact on overall PDCCH capacity and system capacity should be evaluated. 
b) Whether same level of scheduling flexibility as that of existing DCI formats can be provided for a given overhead and reliability should be evaluated.
c) Impact on UE implementation complexity and scheduler complexity should be evaluated.
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