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Introduction
In RAN1#104b-e meeting, BD and CCE limit handling was discussed, and different options were captured in the agreement. In this contribution we present our view on enabling PDCCH monitoring on sSCell and PCell in the same slot and how to handle BD/CCE limit.
Discussion
In the RAN#104e meeting, it was agreed as working assumption, that the UE can be configured to monitor DCI formats 0_1, 1_1, 0_2, 1_2 on both PCell USS and sSCell USS scheduling PDSCH/PUSCH on PCell. The WA to be confirmed after agreements are made on PDCCH blind decoding and CCE limit handling for CCS from PCell and sSCell to PCell. Allowing the UE to monitor simultaneously USS on both SCell and PCell can provide more flexibility to the scheduler in case SCell quality drops. For example, it will avoid adding more delays and increasing the latency in case of bad radio link quality on SCell. To keep the blind decoding and CCE limit similar to the case where a PCell is only scheduled by itself, the maximum number of PDCCH candidates and non-overlapping CCEs of the PDCCH candidates configured on both SCell and PCell should not exceed the existing limit per scheduled cell. During the RAN1#104b-e meeting, different options were captured on how to handle the blind decoding limit and CCE limits. Option A consist on defining a BD limit, denoted by Z1, such that the sum of the maximum number of monitored PDCCH candidates on P(S)Cell and SCell respectively is below Z1. In addition, a maximum of PDCCH candidates monitored in PCell and SCell are defined.
· Option A:
· At least when P(S)Cell SCS is not higher than sSCell SCS, PDCCH monitoring candidates on P(S)Cell and/or sSCell are configured such that max of (x1(m1)+x2(m1))+max of y(m2) corresponding to any P(S)Cell slots m1 and m2 is less than or equal to Z1
· At least the case of Z1 = 44 is supported for P(S)Cell SCS 15kHz
· FFS if Z1 larger than above can also be supported based on UE capability (e.g. similar to BDFactorR in Rel16)
· Note
· x1(m) is #BDs for PDCCH CSS(s) candidates monitored on P(S)Cell slot m 
· x2(m) is #BDs for PDCCH USS(s) candidates monitored on P(S)Cell slot m 
· y(m) is #BDs for PDCCH USS(s) candidates monitored on sSCell in all sSCell slot(s) that overlap slot m of P(S)Cell
· USS(s) => USS(s) that can schedule PDSCH/PUSCH on P(S)Cell)

This option can guarantee that the UE BD efforts is kept the same as in Rel-16 while enabling the UE to monitor USS in both SCell and PCell. Furthermore, there is a maximum value of PDCCH candidates defined over both PCell and SCell. We thus propose:
Proposal 1:  The UE can monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS sets simultaneously.
Proposal 2:  For BD and CCE limit handling, Option A is supported.

Regarding the values of max(x1(m)+x2(m)) and max(y(m)), one option could be that the gNB semi-statically configures each value separately. For example, based on the expected load on each cell, the network can configure the UE with the appropriate maximum values. The drawback of this option is some search space sets can have small monitoring periodicity while other search space sets can be configured with high monitoring periodicity. Having the UE assuming a maximum number of PDCCH candidates that is semi-statically configured is not efficient. 
Another option could be to have the SS configuration-based BD limit for max(x1(m)+x2(m)) and max(y(m)). To maximize the usage of downlink control resources, the UE can assume that some of the un-used blind decoding effort on one of the scheduling cells are to be used on the other scheduling cell. Since PDCCH overbooking on sSCell USS set(s) is not supported, the max(y(m)) can be equal to the configured number of PDCCH candidates on sSCell USS.
Proposal 3:  The UE assumes a maximum number of PDCCH candidates/non overlapping CCEs per sSCell equal to the configured number of PDCCH candidates/non-overlapping CCEs on sSCell USS set(s).

To maximize the usage of the downlink control resources on PCell, the remaining BD efforts can be assumed on PCell USS set(s). For example, at a given slot, if the UE determines that there is no USS monitoring occasion in the SCell, the UE can assume that the maximum of PDCCH candidates on PCell is equal to Z1. More generally, the UE can assume that maximum number of PDCCH candidates on PCell i.e. max(x1(m)+x2(m)) is equal to Z1- max(y(m)), where max(y(m)) is determined based on the configured PDCCH candidate on sSCell USS set(s) as proposed in Proposal 3.
Proposal 4:  The UE assumes a maximum number of PDCCH candidates/non overlapping CCEs per PCell equal to Z1- max(y(m)).

Conclusion
In this contribution we propose the following: 
Proposal 1:  The UE can monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS sets simultaneously.
Proposal 2:  For BD and CCE limit handling, Option A is supported.
Proposal 3:  The UE assumes a maximum number of PDCCH candidates/non overlapping CCEs per sSCell equal to the configured number of PDCCH candidates/non-overlapping CCEs on sSCell USS set(s).
Proposal 4:  The UE assumes a maximum number of PDCCH candidates/non overlapping CCEs per PCell equal to Z1- max(y(m)).
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Agreement from RAN1#104b-e meeting:
	For RAN1#105-e, companies are encouraged to consider:
Further discuss PDCCH monitoring and BD/CCE limit handling in RAN1#105e considering below BD/CCE limit handling options
· Option A
· At least when P(S)Cell SCS is not higher than sSCell SCS, PDCCH monitoring candidates on P(S)Cell and/or sSCell are configured such that max of (x1(m1)+x2(m1))+max of y(m2) corresponding to any P(S)Cell slots m1 and m2 is less than or equal to Z1
· At least the case of Z1 = 44 is supported for P(S)Cell SCS 15kHz
· FFS if Z1 larger than above can also be supported based on UE capability (e.g. similar to BDFactorR in Rel16)
· FFS signalling details on how the limit Z1 is realized, e.g.
· RRC configured BD limit/scaling factor-based limit for max(x1(m)+x2(m))
· Separate RRC configured BD limits/scaling factor-based limits for max(x1(m)+x2(m)) and max(y(m)) 
· separate BdfactorR for P(S)Cell and sSCell
· SS configuration-based BD limit for max(x1(m)+x2(m)) and max(y(m))
· RRC configured BD limit/scaling factor-based limit for max(x1(m)+x2(m))+ max(y(m))
· Counting ‘sSCell-to-P(S)Cell’ scheduling as an additional scheduling cell with numerology given by sSCell numerology in determining the BD/CCE limits
· FFS reference SCS to use when P(S)Cell has higher SCS than sSCell (if supported)
· For sSCell scheduling P(S)Cell, the UE is not required to monitor on the active DL BWP with SCS configuration µ of the sSCell more than [image: ] PDCCH candidates per slot of sSCell.
· FFS how limit [image: ] is computed and applied when CCS from sSCell to P(S)Cell is configured
· Option B
· At least when P(S)Cell SCS is not higher than sSCell SCS, For P(S)Cell slot m, PDCCH monitoring candidates on P(S)Cell and/or sSCell are configured such that x1(m)+x2(m)+y(m) is less than or equal to BD limit Z2
· At least the case of Z2 = 44 is supported for P(S)Cell SCS 15kHz
· FFS if Z2 larger than above can also be supported based on UE capability (e.g. similar to BDFactorR in Rel16)
· max of (x1(m1)+x2(m1)) + max of y(m2) corresponding to any P(S)Cell slots m1 and m2 can is allowed to be larger than BD limit Z2
· FFS signalling details on how the limit Z2 is realized 
· FFS reference SCS to use when P(S)Cell has higher SCS than sSCell (if supported)
· For sSCell scheduling P(S)Cell, the UE is not required to monitor on the active DL BWP with SCS configuration µ of the sSCell more than [image: ] PDCCH candidates per slot of sSCell.
· FFS how limit [image: ] is computed and applied when CCS from sSCell to P(S)Cell is configured
· Option C
· PDCCH monitoring candidates on P(S)Cell are configured such that max of (x1(m1)+x2(m1)) is less than or equal to Z3
· Z3 is derived by the PDCCH monitoring capability of PCell
· PDCCH monitoring candidates on sSCell are configured such that max of y(m2) is less than or equal to Z4
· Z4 is derived by the PDCCH monitoring capability of sSCell
· FFS details to define Z3 and Z4, e.g.
· Separate RRC configured BD limits/scaling factor-based limits for max(x1(m)+x2(m)) and max(y(m))
· For sSCell scheduling P(S)Cell, the UE is not required to monitor on the active DL BWP with SCS configuration µ of the sSCell more than Z4 PDCCH candidates per slot of sSCell
· Note
· x1(m) is #BDs for PDCCH CSS(s) candidates monitored on P(S)Cell slot m 
· x2(m) is #BDs for PDCCH USS(s) candidates monitored on P(S)Cell slot m 
· y(m) is #BDs for PDCCH USS(s) candidates monitored on sSCell in all sSCell slot(s) that overlap slot m of P(S)Cell
· USS(s) => USS(s) that can schedule PDSCH/PUSCH on P(S)Cell)



Agreement from RAN1#104e meeting:
	Working Assumption
· When CCS from sSCell to PCell/PSCell is configured, UE can be configured to monitor DCI formats 0_1/1_1/0_2/1_2 that schedule PDSCH/PUSCH on PCell/PSCell on PCell/PSCell USS set(s), and/or on sSCell USS set(s)
· The WA to be confirmed after agreements are made on PDCCH BD/CCE handling and PDCCH overbooking handling for CCS from sSCell to PCell/PSCell
· Specs also allow UEs supporting functionality of only Alt-1. Capability signaling details, if any, can be handled during the UE capability discussion for Rel17
· FFS: Whether the UE can monitor PDCCH from both cells in the same slot.



Agreement from RAN1#103e meeting:
	Agreements:
· Discuss in RAN1#104-e how to handle ‘DCI formats 0_1,1_1,0_2,1_2 scheduling PDSCH/PUSCH on PCell/PSCell’ from USS set(s), when CCS from sSCell to PCell/PSCell is configured.. Below alternatives can be considered in the discussion (other alternatives are not precluded)
· Below alternatives can be considered in the discussion (other alternatives are not precluded)
· Alt 1: When CCS from sSCell to PCell/PSCell is configured, UE cannot be configured to monitor DCI formats 0_1,1_1,0_2,1_2 on PCell/PSCell USS set(s), and can be configured to monitor them only on the sSCell USS set(s)
· Alt 2: When CCS from sSCell to PCell/PSCell is configured, UE can be configured to monitor DCI formats 0_1/1_1/0_2/1_2 on PCell/PSCell USS set(s), and/or on sSCell USS set(s). The PDCCH monitoring is based on following alternatives (other alternatives are not precluded)
· Alt 2-1: 
· [bookmark: _Hlk71554146]UE can monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS sets simultaneously
· FFS activation/deactivation of scheduling from sSCell to PCell/PSCell
· Alt 2-2: 
· Dynamic switching of PDCCH monitoring of DCI formats 0_1,1_1,0_2,1_2 between monitoring on PCell/PSCell USS sets and monitoring on sSCell USS sets is supported
· FFS: Details of switching mechanism (e.g. based on SS group switching, based on BWP switching,…)
· UE does not monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS sets simultaneously
· Alt 2-3: 
· UE does not monitor the same DCI format on both PCell USS set(s) and sSCell USS sets simultaneously. UE can monitor some DCI formats on sSCell USS sets and other DCI formats on PCell/PSCell USS sets simultaneously
· Alt 2-4: 
· The USS set(s) on PSCell/PCell and the USS set(s) on sSCell are configured such that UE does not monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS set(s) simultaneously
· FFS following aspects
· Impact of sSCell activation/deactivation and sSCell dormancy
· Impact on BD/CCE limit handling including considering PDCCH monitoring on CSS sets and PDCCH monitoring of ‘DCI formats 0_0, 1_0 scheduling PUSCH/PDSCH on PCell/PSCell’
· Whether PDCCH overbooking on sSCell is supported or not supported and impact (if any) on overbooking handling on PCell/PSCell 
· Impact from different numerologies between PDCCH on the PCell/PSCell and that on the sSCell
· Whether or not to have mechanism for activation/deactivation of scheduling from sSCell to PCell/PSCell
· USS configuration details (e.g. handling of USS type (self-scheduling, cross carrier scheduling) for a configured USS set configured for scheduling of in PCell/PSCell)
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