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1	Introduction 
In this paper we focus on the study outcome of multi-cell PDSCH scheduling via a single DCI in ongoing Rel-17 DSS and present our views on this item. 
2	Discussion 
In Rel-17 DSS, regarding the feature of multi-cell PDSCH scheduling via a single DCI, the main simulation assumptions used for companies to report the evaluation results are listed below with more detailed assumptions in the Annex:
	Simulation scenarios:
· For two-cell scheduling via a single DCI, PDCCH transmitted on a first cell schedules one PDSCH on the first cell and another PDSCH on a second cell.
· For single-cell scheduling (baseline), one PDCCH transmitted on a first cell schedules one PDSCH on the first cell via self-scheduling and another PDCCH transmitted on the first cell schedules another PDSCH on a second cell via cross-carrier scheduling.
· Companies can optionally compare to the case of PDCCH transmitted on each of the two cells via self-scheduling. In this case, company should provide details on how to calculate the PDCCH blocking rate.

Simulation assumptions on carrier frequency, SCS, antenna configuration, carrier bandwidth as well as CORESET configuration
· Combination 1: 2 GHz, 15 kHz SCS, 2 Tx, 2 Rx, 20 MHz carrier BW, 2-symbol CORESET with 96RBs
· Combination 2: 4 GHz, 30 kHz SCS, 4 Tx, 4 Rx, 100 MHz carrier BW, 1-symbol CORESET with 270RBs
· [Combination 3: 700MHz, 15 kHz SCS, 2 Tx, 2 Rx, 10 MHz carrier BW, 3-symbol CORESET with 48RBs]
· [Combination 4: 4GHz, 30 kHz SCS, 4 Tx, 4 Rx, 40 MHz carrier BW, 2-symbol CORESET with 96RBs]

Payload size of two-cell scheduling DCI (excluding CRC):
· 60 for single-cell scheduling DCI (baseline).
· 72/84/96/108 for two-cell scheduling DCI.
· Companies are encouraged to report how the values are obtained, e.g., via separate or shared fields in DCI format. 




As the study outcome, the final observations and the detailed evaluation results on PDCCH blocking probability and PDSCH throughput are captured in R1-2102138. 
Supporting cross-carrier scheduling from NR SCell to NR PCell results in requiring additional PDCCH capacity of the scheduling SCell due to the need for self-scheduling on the SCell as well as cross-carrier scheduling on the PCell (shared carrier). Thus, the PDCCH capacity on the SCell may be a potential issue when a large number of UEs are configured on the SCell or the SCell is not configured with a sufficient bandwidth. This issue can be addressed by allowing a single DCI on one carrier to schedule PDSCHs on two carriers. In detail, two PDSCHs on two carriers are scheduled by a single DCI format, which may save PDCCH scheduling overhead compared to scheduling two PDSCHs on two carriers by two DCI formats. On the other hand, in inter-band CA, the payload size of the single DCI increases significantly when it schedules two PDSCHs on two carriers due to different channel conditions. However, the payload size of the two-cell scheduling DCI is smaller than the payload sizes of two single-cell scheduling DCIs since many fields can be shared for the both scheduled carriers, e.g., 24-bit CRC, 3-bit PDSCH-to-HARQ_timing indicator, 3-bit PUCCH resource indicator, 2-bit TPC, 4-bit DAI, 1-bit identifier. With a certain scheduling limitation for DCI overhead reduction, the payload size of the two-cell scheduling DCI can be further reduced which is true for intra-band CA where the channel conditions for the two carriers are similar. The reduced DCI payload size leads to lower PDCCH blocking rate. A trade-off between the reduced DCI payload size and the scheduling limitation needs to be considered when specifying the detailed solution on DCI format design.
According to the final observations in R1-2102138 based on the agreed simulation assumptions, majority companies report the PDCCH blocking probability of using a single DCI to schedule two PDSCHs on two carriers is reduced compared to using two to using two separate DCIs with each having 60 bits payload. In detail, 
· For the case of Combination 1 (2 GHz, 15 kHz SCS, 2 Tx, 2 Rx, 20 MHz carrier BW, 2-symbol CORESET with 96RBs) and number of scheduled UEs per cell per slot in range of 5~20 with 100% CA UE, 
· For 108 bits DCI payload of two-cell scheduling DCI, 
· Majority companies show the reduced PDCCH blocking probability is 4%~17.8%
· For 96 bits DCI payload of two-cell scheduling DCI, 
· Majority companies show the reduced PDCCH blocking probability is 5.1%~24%
· For 84 bits DCI payload of two-cell scheduling DCI, 
· Majority companies show the reduced PDCCH blocking probability is 7.2%~29%
· For 72 bits DCI payload of two-cell scheduling DCI, 
· Majority companies show the reduced PDCCH blocking probability is 8.6%~32%

· For the case of Combination 2 (4 GHz, 30 kHz SCS, 4 Tx, 4 Rx, 100 MHz carrier BW, 1-symbol CORESET with 270RBs) and number of scheduled UEs per cell per slot in range of 5~20 with 100% CA UE, 
· For 108 bits DCI payload of two-cell scheduling DCI, 
· Majority companies show the reduced PDCCH blocking probability is 0.8%~21.3% 
· For 96 bits DCI payload of two-cell scheduling DCI, 
· Majority companies show the reduced PDCCH blocking probability is 0.8%~24.7% 
· For 84 bits DCI payload of two-cell scheduling DCI, 
· Majority companies show the reduced PDCCH blocking probability is 0.8%~37.5% 
· For 72 bits DCI payload of two-cell scheduling DCI, 
· Majority companies show the reduced PDCCH blocking probability is 0.8%~43.5% 

· For the case of Combination 3 (700MHz, 15 kHz SCS, 2 Tx, 2 Rx, 10 MHz carrier BW, 3-symbol CORESET with 48RBs) and number of scheduled UEs per cell per slot in range of 5~20 with 100% CA UE,  
· For 108 bits DCI payload of two-cell scheduling DCI, 
· Majority companies show the reduced PDCCH blocking probability is 3.6%~24% 
· For 96 bits DCI payload of two-cell scheduling DCI, 
· Majority companies show the reduced PDCCH blocking probability is 4.7%~34%
· For 84 bits DCI payload of two-cell scheduling DCI, 
· Majority companies show the reduced PDCCH blocking probability is 7.6%~34% 
· For 72 bits DCI payload of two-cell scheduling DCI, 
· Majority companies show the reduced PDCCH blocking probability is 9.8%~34% 

· For the case of Combination 4(4GHz, 30 kHz SCS, 4 Tx, 4 Rx, 40 MHz carrier BW, 2-symbol CORESET with 96RBs) and number of scheduled UEs per cell per slot in range of 5~20 with 100% CA UE,
· For 108 bits DCI payload of two-cell scheduling DCI, 
· 4 sources show the reduced PDCCH blocking probability is 2.4%~16% 
· For 96 bits DCI payload of two-cell scheduling DCI, 
· 4 sources show the reduced PDCCH blocking probability is 2.7%~16.2% 
· For 84 bits DCI payload of two-cell scheduling DCI, 
· 4 sources show the reduced PDCCH blocking probability is 2.8%~28% 
· For 72 bits DCI payload of two-cell scheduling DCI, 
· 4 sources show the reduced PDCCH blocking probability is 2.9%~40.7% 
· More detailed results and assumptions are listed in the attached excel tables in R1-2102138.

Based on the above results, we have below proposals:
Proposal 1: Support multi-cell PDSCH scheduling via a single DCI in Rel-17 DSS.
Proposal 2: Update the WID of Rel-17 DSS as below:
	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
· 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




3	Conclusions
In this paper we have presented the observations on using a single DCI to schedule two PDSCHs on two carriers. It is obvious that majority companies observed the gain of reduced PDCCH blocking probability. Based on the above, we have below proposals: 
Proposal 1: Support multi-cell PDSCH scheduling via a single DCI in Rel-17 DSS.
Proposal 2: Update the WID of Rel-17 DSS as below:
	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
· 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
· 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
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