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Introduction
The objectives of WID on NR Dynamic spectrum sharing (DSS) include multi-cell PDSCH scheduling via a single DCI. In RAN1 104e meeting, the following agreements were achieved 
Agreement 
· The proposal in section 2.6 of R1-2102138 for PDCCH blocking probability is taken as RAN1 observation
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]The proposal in section 2.6 of R1-2102138 for PDSCH throughput is taken as RAN1 observation with the following revision for the note:
· [bookmark: _Hlk63407919]Note: Combinations 1 and 2 were agreed for evaluation. Some companies provided evaluation results for Combinations 3 and 4. 
Agreement
The observations for multi-cell PDSCH scheduling via a single DCI to be summarized in the status report along with explanation on different combinations that were considered for submission to RAN. 

This contribution provides some considerations on multi-cell PDSCH scheduling via a single DCI.
Discussion
Whether to support multi-cell PDSCH scheduling by single DCI
From the observations from RAN1 104e, there were clear gains of the reduced PDCCH blocking probability from the majority simulation results, independent of DCI size which is vary from 108 bits to 72 bits. In addition, multi-cell PDSCH scheduling by single DCI can provide some more scheduling flexibility compared with one cell PDSCH scheduling by one DCI. Besides, it is good for UE power consumption, considering one DCI can provide two scheduling information of PDSCH. Thus, we support multi-cell PDSCH scheduling by single DCI. 
Proposal 1. Support multi-cell PDSCH scheduling by single DCI

DCI fields design
For multi-cell PDSCHs scheduling via a single DCI, the DCI fields in DCI formats support multi-cell PDSCH scheduling via a single DCI can separate into two parts. One part is one DCI field serves multiple PDSCHs in different cells. The other part is respective DCI fields or bits for multiple PDSCHs. For example, multiple PDSCHs can use same frequency resource allocation field if these cells have similar channel states. And RV can be different indicated by one DCI. Thus all the fields in DCI formats should be discussed and study whether or not the scheduling information should be same or different for the multiple PDSCHs.
Proposal 2. The DCI fields should be discussed and study whether or not the scheduling information should be same or different for the multiple PDSCHs.
Impact on PDSCH scheduling using existing DCI formats
Considering one-PDSCH scheduling and multi-PDSCH scheduling DCI formats, it is preferred to use single DCI size for these two scheduling conditions. Typically speaking, the DCI payload of one-PDSCH scheduling is less than multi-PDSCH scheduling, some zero paddings can be a good choice. It can reduce the complexity of UE PDCCH blind detection. For example, when DCI format 0_1/1_1 are configured to scheduling PDSCHs on two cells, a UE still has one set of DCI size for DCI format 0_1/_1, not two sets of values for one-PDSCH scheduling and multi-PDSCH scheduling respectively. In this case, how to distinguish one DCI is scheduling one-PDSCH or multi-PDSCH should be studied.
Proposal 3. Support same DCI size for one-PDSCH scheduling and multi-PDSCH scheduling.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following observations and proposals.
Proposal 1. Support multi-cell PDSCH scheduling by single DCI.
Proposal 2. The DCI fields should be discussed and study whether or not the scheduling information should be same or different for the multiple PDSCHs.
Proposal 3. Support same DCI size for one-PDSCH scheduling and multi-PDSCH scheduling.
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Appendix
FL proposals:
[bookmark: _GoBack]For multi-cell scheduling via a single DCI, capture the following observations as conclusions:
Observations:
On PDCCH blocking probability using a single DCI to schedule two PDSCHs on two carriers,
· 11 sources ([OPPO, 2],  [Huawei, 3], [Intel, 7],  [CATT, 4], [vivo, 5], [Nokia, 8], [Lenovo, 9], [Qualcomm, 15], [Ericsson, 16], [ZTE, 19], [Samsung, 12]) reported PDCCH blocking probability via simulation.
· 10 sources ([OPPO, 2],  [Huawei, 3], [Intel, 7],  [CATT, 4], [vivo, 5], [Nokia, 8], [Lenovo, 9], [Qualcomm, 15], [Ericsson, 16], [ZTE, 19]) reported reduced PDCCH blocking probability, compared to using two separate DCIs with each having 60 bits payload. 
· For the case of Combination 1 (agreed in RAN1#103-e): [2 GHz, 15 kHz SCS, 2 Tx, 2 Rx, 20 MHz carrier BW, 2-symbol CORESET with 96RBs],  
· For 108 bits DCI payload of two-cell scheduling DCI, 
· 7 sources ([Huawei, 3], [OPPO, 2], [vivo, 5], [Lenovo, 9], [CATT, 4], [Intel, 7], [ZTE, 19]) show the reduced PDCCH blocking probability is 4%~17.8%, for number of scheduled UEs per cell per slot in range of 5~20 with 100% CA UE. 
· One source ([OPPO, 2]) show the reduced PDCCH blocking probability is 2.4% and 9.6%, for 10 scheduled UEs per slot per cell with 10%, 50% CA UEs, respectively.  
· One source ([Nokia, NSB, 8]) show the reduced PDCCH blocking probability is 53.9%, for 5 scheduled UEs per slot per cell with 80% CA UEs. 
· One source ([Ericsson, 16]) show the reduced PDCCH blocking probability 3.7% and 8.8% for 5 and 10 scheduled UEs per slot per cell with 100% CA UEs. UL grants were also modelled by the source assuming that 1PUSCH per UE (no UL CA) is scheduled with a 60bit DCI with a 50% probability per slot. 
· For 96 bits DCI payload of two-cell scheduling DCI, 
· 7 sources ([Huawei, 3], [OPPO, 2], [vivo, 5], [Lenovo, 9], [CATT, 4], [Intel, 7], [ZTE, 19]) show the reduced PDCCH blocking probability is 5.1%~24%, for number of scheduled UEs per cell per slot in range of 5~20 with 100% CA UE. 
· One source ([OPPO, 2]) show the reduced PDCCH blocking probability is 2.7% and 11.5%, for 10 scheduled UEs per slot per cell with 10%, 50% CA UEs, respectively.   
· One source ([Nokia, NSB, 8]) show the reduced PDCCH blocking probability is 53.9%, for 5 scheduled UEs per slot per cell with 80% CA UEs.
· One source ([Ericsson, 16]) show the reduced PDCCH blocking probability is 4.2% and 10% for 5 and 10 scheduled UEs per slot per cell with 100% CA UEs. UL grants were also modelled by the source assuming that 1 PUSCH per UE (no UL CA) is scheduled with a 60bit DCI with a 50% probability per slot.
· For 84 bits DCI payload of two-cell scheduling DCI, 
· 7 sources ([Huawei, 3], [OPPO, 2], [vivo, 5], [Lenovo, 9], [CATT, 4], [Intel, 7], [ZTE, 19]) show the reduced PDCCH blocking probability is 7.2%~29%, for number of scheduled UEs per cell per slot in range of 5~20 with 100% CA UE. 
· One source ([OPPO, 2]) show the reduced PDCCH blocking probability is 3.3% and 14.2%, for 10 scheduled UEs per slot per cell with 10%, 50% CA UEs, respectively.  
· One source ([Nokia, NSB, 8]) show the reduced PDCCH blocking probability is 61%, for 5 scheduled UEs per slot per cell with 80% CA UEs. 
· One source ([Ericsson, 16]) show the reduced PDCCH blocking probability is 4.5% and 13.9% for 5 and 10 scheduled UEs per slot per cell with 100% CA UEs. UL grants were also modelled by the source assuming that 1PUSCH per UE (no UL CA) is scheduled with a 60bit DCI with a 50% probability per slot.
· For 72 bits DCI payload of two-cell scheduling DCI, 
· 7 sources ([Huawei, 3], [OPPO, 2], [vivo, 5], [Lenovo, 9], [CATT, 4], [Intel, 7], [ZTE, 19]) show the reduced PDCCH blocking probability is 8.6%~32%, for number of scheduled UEs per cell per slot in range of 5~20 with 100% CA UE. 
· One source ([OPPO, 2]) show the reduced PDCCH blocking probability is 3.8% and 16.5%, for 10 scheduled UEs per slot per cell with 10%, 50% CA UEs, respectively.
· One source ([Nokia, NSB, 8]) show the reduced PDCCH blocking probability is 62.6%, for 5 scheduled UEs per slot per cell with 80% CA UEs. 
· One source ([Ericsson, 16]) show the reduced PDCCH blocking probability is 4.8% and 15.7% for 5 and 10 scheduled UEs per slot per cell with 100% CA UEs. UL grants were also modelled by the source assuming that 1PUSCH per UE (no UL CA) is scheduled with a 60bit DCI with a 50% probability per slot.
· For the case of Combination 2 (agreed in RAN1#103-e): [4 GHz, 30 kHz SCS, 4 Tx, 4 Rx, 100 MHz carrier BW, 1-symbol CORESET with 270RBs], 
· For 108 bits DCI payload of two-cell scheduling DCI, 
· 6 sources ([Huawei, 3], [OPPO, 2], [vivo, 5], [Lenovo, 9], [Intel, 7], [CATT, 4]  show the reduced PDCCH blocking probability is 0.8%~21.3%, for number of scheduled UEs per cell per slot in range of 5~20 with 100% CA UE. 
· One source ([OPPO, 2]) show the reduced PDCCH blocking probability is 0.2% and 1.6%, for 10 scheduled UEs per slot per cell with 10%, 50% CA UEs, respectively.  
· One source ([Ericsson, 16]) show the reduced PDCCH blocking probability is 0% and 0.2% for 5 and 10 scheduled UEs per slot per cell with 100% CA UEs. UL grants were also modelled by the source assuming that 1PUSCH per UE (no UL CA) is scheduled with a 60bit DCI with a 50% probability per slot.
· For 96 bits DCI payload of two-cell scheduling DCI, 
· 7 sources ([Huawei, 3], [OPPO, 2], [vivo, 5], [Lenovo, 9], [Intel, 7], [CATT, 4], [Qualcomm, 15]) show the reduced PDCCH blocking probability is 0.8%~24.7%, for number of scheduled UEs per cell per slot in range of 5~20 with 100% CA UE. 
· One source ([OPPO, 2]) show the reduced PDCCH blocking probability is 0.2% and 1.7%, for 10 scheduled UEs per slot per cell with 10%, 50% CA UEs, respectively.  
· One source ([Qualcomm, 15]) show the reduced PDCCH blocking probability is 0.1% ~ 8.1%, for 5~20 scheduled UEs per slot per cell with 50% CA UEs. 
· One source ([Ericsson, 16]) show the reduced PDCCH blocking probability is 0% and 0.4% for 5 and 10 scheduled UEs per slot per cell with 100% CA UEs. UL grants were also modelled by the source assuming that 1PUSCH per UE (no UL CA) is scheduled with a 60bit DCI with a 50% probability per slot.
· For 84 bits DCI payload of two-cell scheduling DCI, 
· 6 sources ([Huawei, 3], [OPPO, 2], [vivo, 5], [Lenovo, 9], [Intel, 7], [CATT, 4]  show the reduced PDCCH blocking probability is 0.8%~37.5%, for number of scheduled UEs per cell per slot in range of 5~20 with 100% CA UE. 
· One source ([OPPO, 2]) show the reduced PDCCH blocking probability is 0.3% and 2.0%, for 10 scheduled UEs per slot per cell with 10%, 50% CA UEs, respectively.  
· One source ([Ericsson, 16]) show the reduced PDCCH blocking probability is 0% and 0.4% for 5 and 10 scheduled UEs per slot per cell with 100% CA UEs. UL grants were also modelled by the source assuming that 1PUSCH per UE (no UL CA) is scheduled with a 60bit DCI with a 50% probability per slot.
· For 72 bits DCI payload of two-cell scheduling DCI, 
· 7 sources ([Huawei, 3], [OPPO, 2], [vivo, 5], [Lenovo, 9], [Intel, 7], [CATT, 4], [Qualcomm, 15]) show the reduced PDCCH blocking probability is 0.8%~43.5%, for number of scheduled UEs per cell per slot in range of 5~20 with 100% CA UE. 
· One source ([OPPO, 2]) show the reduced PDCCH blocking probability is 0.3% and 2.1%, for 10 scheduled UEs per slot per cell with 10%, 50% CA UEs, respectively. 
· One source ([Qualcomm, 15]) show the reduced PDCCH blocking probability is 0.1% ~ 21.9%, for 5~20 scheduled UEs per slot per cell with 50% CA UEs. 
· One source ([Ericsson, 16]) show the reduced PDCCH blocking probability is 0% and 0.4% for 5 and 10 scheduled UEs per slot per cell with 100% CA UEs. UL grants were also modelled by the source assuming that 1PUSCH per UE (no UL CA) is scheduled with a 60bit DCI with a 50% probability per slot.


· For the case of Combination 3(not agreed for evaluation but considered by some companies): [700MHz, 15 kHz SCS, 2 Tx, 2 Rx, 10 MHz carrier BW, 3-symbol CORESET with 48RBs]
· For 108 bits DCI payload of two-cell scheduling DCI, 
· 6 sources ([Huawei, 3], [OPPO, 2], [vivo, 5], [CATT, 4], [Intel, 7], [ZTE, 19]) show the reduced PDCCH blocking probability is  3.6%~24%, for number of scheduled UEs per cell per slot in range of 5~20 with 100% CA UE. 
· One source ([OPPO, 2]) show the reduced PDCCH blocking probability is 3.0% and 10.8%, for 10 scheduled UEs per slot per cell with 10%, 50% CA UEs, respectively.  
· One source ([ZTE, 19]) show the reduced PDCCH blocking probability is 0.1%~1.1% when the SCS is different between scheduling cell and scheduled cell, for number of scheduled UEs per cell per slot in range of 5~20 with 100% CA UE.
· One source ([Ericsson, 16]) show the reduced PDCCH blocking probability is 8.6% and 9.5% for 5 and 10 scheduled UEs per slot per cell with 100% CA UEs. UL grants were also modelled by the source assuming that 1PUSCH per UE (no UL CA) is scheduled with a 60bit DCI with a 50% probability per slot.
· For 96 bits DCI payload of two-cell scheduling DCI, 
· 6 sources ([Huawei, 3], [OPPO, 2], [vivo, 5], [CATT, 4], [Intel, 7], [ZTE, 19]) show the reduced PDCCH blocking probability is 4.7%~34%, for number of scheduled UEs per cell per slot in range of 5~20 with 100% CA UE. 
· One source ([OPPO, 2]) show the reduced PDCCH blocking probability is 3.3% and 12.2%, for 10 scheduled UEs per slot per cell with 10%, 50% CA UEs, respectively.  
· One source ([ZTE, 19]) show the reduced PDCCH blocking probability is 0.6%~2.2% when the SCS is different between scheduling cell and scheduled cell, for number of scheduled UEs per cell per slot in range of 5~20 with 100% CA UE.
· One source ([Ericsson, 16]) show the reduced PDCCH blocking probability is 9.5% and 11.3% for 5 and 10 scheduled UEs per slot per cell with 100% CA UEs. UL grants were also modelled by the source assuming that 1PUSCH per UE (no UL CA) is scheduled with a 60bit DCI with a 50% probability per slot.
· For 84 bits DCI payload of two-cell scheduling DCI, 
· 6 sources ([Huawei, 3], [OPPO, 2], [vivo, 5], [CATT, 4], [Intel, 7], [ZTE, 19]) show the reduced PDCCH blocking probability is 7.6%~34%, for number of scheduled UEs per cell per slot in range of 5~20 with 100% CA UE. 
· One source ([OPPO, 2]) show the reduced PDCCH blocking probability is 4.0% and 16.0%, for 10 scheduled UEs per slot per cell with 10%, 50% CA UEs, respectively.  
· One source ([ZTE, 19]) show the reduced PDCCH blocking probability is 2.8%~5.3% when the SCS is different between scheduling cell and scheduled cell, for number of scheduled UEs per cell per slot in range of 5~20 with 100% CA UE.
· One source ([Ericsson, 16]) show the reduced PDCCH blocking probability is 11.5% and 16.3% for 5 and 10 scheduled UEs per slot per cell with 100% CA UEs. UL grants were also modelled by the source assuming that 1PUSCH per UE (no UL CA) is scheduled with a 60bit DCI with a 50% probability per slot.
· For 72 bits DCI payload of two-cell scheduling DCI, 
· 6 sources ([Huawei, 3], [OPPO, 2], [vivo, 5], [CATT, 4], [Intel, 7], [ZTE, 19]) show the reduced PDCCH blocking probability is 9.8%~34%, for number of scheduled UEs per cell per slot in range of 5~20 with 100% CA UE. 
· One source ([OPPO, 2]) show the reduced PDCCH blocking probability is 4.5% and 18.2%, for 10 scheduled UEs per slot per cell with 10%, 50% CA UEs, respectively.  
· One source ([ZTE, 19]) show the reduced PDCCH blocking probability is 4.1%~7.5% when the SCS is different between scheduling cell and scheduled cell, for number of scheduled UEs per cell per slot in range of 5~20 with 100% CA UE.
· One source ([Ericsson, 16]) show the reduced PDCCH blocking probability is 12.8% and 18.8% for 5 and 10 scheduled UEs per slot per cell with 100% CA UEs. UL grants were also modelled by the source assuming that 1PUSCH per UE (no UL CA) is scheduled with a 60bit DCI with a 50% probability per slot.
· For the case of Combination 4(not agreed for evaluation but considered by some companies): [4GHz, 30 kHz SCS, 4 Tx, 4 Rx, 40 MHz carrier BW, 2-symbol CORESET with 96RBs]
· For 108 bits DCI payload of two-cell scheduling DCI, 
· 4 sources ([Huawei, 3], [OPPO, 2], [vivo, 5], [CATT, 4]16) show the reduced PDCCH blocking probability is 2.4%~16%, for number of scheduled UEs per cell per slot in range of 5~20 with 100% CA UE. 
· One source ([OPPO, 2]) show the reduced PDCCH blocking probability is 0.9% and 5.9%, for 10 scheduled UEs per slot per cell with 10%, 50% CA UEs, respectively.
· One source ([Ericsson, 16]) show the reduced PDCCH blocking probability is 0.4% and 2.5% for 5 and 10 scheduled UEs per slot per cell with 100% CA UEs. UL grants were also modelled by the source assuming that 1PUSCH per UE (no UL CA) is scheduled with a 60bit DCI with a 50% probability per slot.  
· For 96 bits DCI payload of two-cell scheduling DCI, 
· 4 sources ([Huawei, 3], [OPPO, 2], [vivo, 5], [CATT, 4]) show the reduced PDCCH blocking probability is 2.7%~16.2%, for number of scheduled UEs per cell per slot in range of 5~20 with 100% CA UE. 
· One source ([OPPO, 2]) show the reduced PDCCH blocking probability is 1.0% and 6.4%, for 10 scheduled UEs per slot per cell with 10%, 50% CA UEs, respectively. 
· One source ([Ericsson, 16]) show the reduced PDCCH blocking probability is 0.4% and 2.6% for 5 and 10 scheduled UEs per slot per cell with 100% CA UEs. UL grants were also modelled by the source assuming that 1PUSCH per UE (no UL CA) is scheduled with a 60bit DCI with a 50% probability per slot. 
· For 84 bits DCI payload of two-cell scheduling DCI, 
· 4 sources ([Huawei, 3], [OPPO, 2], [vivo, 5], [CATT, 4]) show the reduced PDCCH blocking probability is 2.8%~28%, for number of scheduled UEs per cell per slot in range of 5~20 with 100% CA UE. 
· One source ([OPPO, 2]) show the reduced PDCCH blocking probability is 1.2% and 8.0%, for 10 scheduled UEs per slot per cell with 10%, 50% CA UEs, respectively.  
· One source ([Ericsson, 16]) show the reduced PDCCH blocking probability is 0.6% and 4.9% for 5 and 10 scheduled UEs per slot per cell with 100% CA UEs. UL grants were also modelled by the source assuming that 1PUSCH per UE (no UL CA) is scheduled with a 60bit DCI with a 50% probability per slot.
· For 72 bits DCI payload of two-cell scheduling DCI, 
· 4 sources ([Huawei, 3], [OPPO, 2], [vivo, 5], [CATT, 4]) show the reduced PDCCH blocking probability is 2.9%~40.7%, for number of scheduled UEs per cell per slot in range of 5~20 with 100% CA UE. 
· One source ([OPPO, 2]) show the reduced PDCCH blocking probability is 1.3% and 8.6%, for 10 scheduled UEs per slot per cell with 10%, 50% CA UEs, respectively.  
· One source ([Ericsson, 16]) show the reduced PDCCH blocking probability is 0.6% and 5.0% for 5 and 10 scheduled UEs per slot per cell with 100% CA UEs. UL grants were also modelled by the source assuming that 1PUSCH per UE (no UL CA) is scheduled with a 60bit DCI with a 50% probability per slot.
· 1 source (Samsung) reported increased PDCCH blocking probability, compared to using two separate DCIs with each having 60 bits payload. 
· For the case of Combination 1 (agreed in RAN1#103-e): [2 GHz, 15 kHz SCS, 2 Tx, 2 Rx, 20 MHz carrier BW, 2-symbol CORESET with 96RBs],  
· For 108 bits DCI payload of two-cell scheduling DCI
· More detailed results and assumptions are listed in the attached excel tables.
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