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Discussion
RAN#86 in December 2019 approved the WID on DSS ehnahcements that had the following objective on a single DCI scheduling multiple PDSCHs [1]:
· 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

RAN1 #104 concluded the study and submitted the observations to RAN in the WI status report [2]. RAN1 did not agree to provide RAN with any recommendation with regard to whether or not to proceed to the specification phase. The observations are also copied in the Annex of this Tdoc for convenience. 
RAN #91 discussed the RAN1 observations, and perhaps unexpectedly RAN could not agree on the way forward either. The RAN discussion is recorded in [3]. The following minuted in the RAN#91 report:
	conclusion: The thread [91E][26][DSS_scope] was not able to agree to proceed to the specification phase with the feature, but the thread was not able to agree to stop the work on the feature either.
RAN chair: no agreement to start the normative work on PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI. There is no agreement to stop studying this either; trusts the RAN1 chair will schedule time for this in a way that ensures things don’t continue to go around in circles; companies need an offline breakthrough otherwise spending RAN1 time for this is waste



As RAN1 does not have a mandate to proceed to the specification phase, and there seems to be little point in continuing the evaluation that was already once concuded it is somewhat unclear what discussion can take place under this agenda item.
Proposal
Proposal: Check if there is consensus to proceed to the specification phase, and if 
· yes: discuss the next step of design details
· no: do not continue the thread in RAN1#105, but escalate the issue to RAN#92
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RAN1 observations (from Section 2.6 of R1-2102138) for PDCCH blocking probability 
On PDCCH blocking probability using a single DCI to schedule two PDSCHs on two carriers,
· 11 sources reported PDCCH blocking probability via simulation.
· 10 sources 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 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 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 show the reduced PDCCH blocking probability is 53.9%, for 5 scheduled UEs per slot per cell with 80% CA UEs. 
· One source 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 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 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 show the reduced PDCCH blocking probability is 53.9%, for 5 scheduled UEs per slot per cell with 80% CA UEs.
· One source 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 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 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 show the reduced PDCCH blocking probability is 61%, for 5 scheduled UEs per slot per cell with 80% CA UEs. 
· One source 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 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 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 show the reduced PDCCH blocking probability is 62.6%, for 5 scheduled UEs per slot per cell with 80% CA UEs. 
· One source 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 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 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 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 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 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 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 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 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 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 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 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 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 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 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 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 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  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 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 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 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 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 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 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 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 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 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 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 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 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 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 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 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 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 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 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 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 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 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 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 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 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 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 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 excel tables included in R1-2102138.

RAN1 observations (from Section 2.6 of R1-2102138) for PDSCH throughput 
· Note: Combinations 1 and 2 were agreed for evaluation. Some companies provided evaluation results for Combinations 3 and 4. 
· 4 sources, reported PDSCH throughput via system level simulation and 2 sources reported PDSCH throughput via theoretical analysis, compared to using two separate DCIs with each having 60 bits payload.
· For 108 bits DCI payload of two-cell scheduling DCI, 
· 1 source show the gain of PDSCH throughput is 6.69 ~8.93%, for per cell UE number in range of 10~20 with 100% DL CA UE only, full buffer, no common message scheduling, and with assumptions of PDCCH blocking probability reduction implemented for PDCCH and PDSCH multiplexing (i.e. SU/MU-MIMO) implemented for PDSCH reception.
· 1 source show the gain of PDSCH throughput is 0.74% ~1.42% for combination4, 3.02 ~3.12% for combination3, 1.27% ~1.56% for combination2, 1.80% ~2.23% for combination1,for per cell UE number in range of 10~20 with 100% CA UE (no UL DCI, no single-cell scheduling, no CSS) and full buffer traffic model, with assumptions of utilizing saved CORESET RBs for PDSCH transmission.
· 1 source show the gain of PDSCH throughput is <1%, for 10 UEs per cell UE with 100% CA UE and full buffer traffic model without assumptions of utilizing saved CCE resources for PDSCH transmission.
· For 96 bits DCI payload of two-cell scheduling DCI, 
· 1 source show the gain of PDSCH throughput is 7.89%~10.92% with similar assumptions as provided for PDCCH payload of 108 bits.
· 1 source show the gain of PDSCH throughput is -0.31%~0.94% for combination4, 3.02%~3.11% for combination3, 1.90%~2.32% for combination2, 2.31%~2.44% for combination1, for per cell UE number in range of 10~20 with 100% CA UE (no UL DCI, no single-cell scheduling, no CSS) and full buffer traffic model, with assumptions of utilizing saved CORESET RBs for PDSCH transmission
· 1 source shows the gain of PDSCH throughput is 3.0%~8.1% for combination1 for per cell UE number of 10 with 100% CA UEs and full buffer traffic model, with assumptions of utilizing saved CORESET RBs for PDSCH transmission
· 1 source shows the gain of PDSCH throughput is 8.2%~22.4% for combination1, 27.3%~63.2% for combination3 for per cell UE number of 10 with 100% CA UEs and FTP 3 traffic model with packet size = 20Kbytes (combination1) and 12Kbytes (combination3), with assumptions of utilizing saved CORESET RBs for PDSCH transmission
· For 84 bits DCI payload of two-cell scheduling DCI, 
· One source shows the gain of PDSCH throughput is -13.4%~-8.7%, for 10 UEs per cell 100% CA UEs and full buffer traffic model without assumptions of utilizing saved CCE resources for PDSCH transmission and with shared FDRA/TDRA for two scheduled PDSCHs.
· 1 source shows the gain of PDSCH throughput is 3.0%~8.1% for combination1 for per cell UE number of 10 with 100% CA UEs and full buffer traffic model, with assumptions of utilizing saved CORESET RBs for PDSCH transmission
· 1 source shows the gain of PDSCH throughput is 8.2%~22.4% for combination1, 29.0%~68.4% for combination3 for per cell UE number of 10 with 100% CA UEs and FTP 3 traffic model with packet size = 20Kbytes (combination1) and 12Kbytes (combination3), with assumptions of utilizing saved CORESET RBs for PDSCH transmission
· One source shows there is no gain for 20MHz BW even for only PDSCH scheduling on 2 cells all the time (no single-cells scheduling, no UL, no CSS) and no loss due to UL DCI padding, with assumption of 84 or 132 bits of the two-cell scheduling DCI by applying the Shannon capacity formula to the CCE savings and normalizing by the total number of time-frequency resources per slot for the indicated BW of the scheduling cell.
· One source shows there is <2.5% gain for Combination 1 and no gain for Combination 2, with assumption that all saved PDCCH CCE resources can be reused for PDSCH, no scheduling flexibility is lost due to two-cell DCI, and assumption that 50% slots can benefit from using two-cell scheduling DCI. 96 bits payload size for the two-cell scheduling DCI is assumed. 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.
· More detailed results and assumptions are listed in the excel tables included in R1-2102138.



