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Introduction
[bookmark: _Hlk510705081]RAN1#103 made the following agreements on sSCell to PCell scheduling and search spaces:
	Agreements:
· [bookmark: _Hlk61871411]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: 
· 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



RAN1#104 made the following working assumption on sSCell to PCell scheduling and search spaces:
	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.



RAN1#104bis did not progress on the PDCCH monitoring in USS when the UE is configured to cross-carrier scheduling from SCell to PCell, but the following set of options were listed:
	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)



In this document further details for the sSCell scheduling the PCell are proposed regarding the above-mentioned RAN1#104 working assumption are proposed.
Discussion
Monitoring of 0_1/1_1/0_2/1_2 in PCell USS set
RAN1#103 outlined two main alternatives: either the UE can be configured to monitor the DCI formats 0_1/1_1/0_2/1_2 in the PCell and sSCell USS set, or it is not possible to do so. The key statement in the RAN1#104 working assumption is “can be configured to monitor”, but it still leaves it up to further discussion on whether there are some restrictions to the configuration, or if there is some specific UE behaviour related to it.
In our view there should be no need to forbid the simultaneous monitoring or at the very least retaining simultaneous configurations, as long as the blind decoding limits are respected, but given the discussion in the previous meetings and the potential issues with the BD limits per cell, we believe that a middle-ground solution should be considered as a possible compromise, where the UE monitors the USS set on the sSCell, or if the sSCell is not available, then the UE monitors the USS set on the PCell, but simultaneous monitoring is not (at least always) required even if the monitoring is configured for both cells. This approach would minimize the CA performance differences between Pcell or self-scheduled SCell and sSCell when SCell scheduling is not reliable.
Observation 1: The distinction between simultaneous monitoring and retaining simultaneous configurations for the USS set in both PCell and sSCell should be kept clear.

Based on the above premises dynamically switching the USS set(s) monitoring between the sScell and Pcell, would allow for an efficient mechanism to maximize scheduling reliability and at the same time exploit the Scell PDCCH capacity. It should be noted that the dynamically switching mechanism does not preclude simultaneous monitoring of USS set(s) on the Pcell, which could be enabled, e.g., with lower monitoring priority if blind decode and non-overlapping CCE limits are not exceeded. This could also be subject to a separate UE capability, but such discussions can be left for a later stage. The simultaneous monitoring of USS set(s) could follow the same principles as simultaneous monitoring of CSS on Pcell and USS set(s) on sScell. This would be an enhanced Alt 2-2 as noted in RAN1#103.
As an alternative a modified solution to the above, Alt 2-4 enhanced with SS Group switching could be considered. With the current proposal for Alt2-4, if the sSCell goes offline (inactive, dormant, RLF, low data in buffer etc…), the PCell USS would required to be reconfigured to enable more frequent monitoring occasions or additional PDCCH candidates per slot which previously could have been restricted based on the CCE limits for simulatenous monitoring. A quick reconfiguration via SS Group switching could prevent the need to activate (other) Scells to handle the UEs DL data and conserve UE battery life. 
· [Option 1] Alt 2-2 allowing simultaneous monitoring
· 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 
· UE may does not monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS sets simultaneously in certain scenarios, e.g. when the UE falls back to monitoring USS set on the PCell, it is not forbidden from monitoring the USS set on the sSCell.
· [Option 2] Alt 2-4 with SS Group Switching (Alt2-2+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
· SS Group Swithcing is employed for dynamic switching mechanism

Proposal 1: Adopt modified Alt 2-2 (option 1) or a modifield Alt 2-4 (option 2) for PCell USS set monitoring.
As discussed, from the network perspective simultaneous monitoring would allow for additional flexibility, but given the discussions in the past meetings, it appears evident that there is strong opposition to this. Hence we believe that the above-mentioned modified Alt 2-4 is the proposal that could be acceptable to all parties.

On RAN1#104 working assumption
RAN1#104 made the following working assumption on sSCell to PCell scheduling and search spaces:
	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.



Even though it is clear that Alt-1 is a subset of any Alt-2 flavour, it is not the same thing that we should agree, or have agreed to Alt-1 being a basic UE capability as may be understood as implied as a desired outcome by the last part of the proposal: “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”
If we define Alt-1 and Alt 2-1 as separate UE capabilities, we might as well abandon Alt 2 as it has been evident in the past meetings that the UE/chip vendors have no intention to support simultaneous USS monitoring. Rather we should aim at a flavour of Alt-2 that will be the baseline UE capability for the feature, while the Alt-1 behaviour still de-facto remains as a sub-set of what is specified. 
What is critical is to agree on how to resolve the the FFS point and the BD/CCE handling so that the baseline UE implementation can be configured to monitor DCI formats on USS set(s) in both cells. The very likely UE back-stop requirement for this is that the UE is not required to simultaneously monitor this in both cells.
Proposal 2: Confirm the WA with the following modification
· 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 baseline UE implementation is not required to monitor the DCI formats on the overlapping [symbol or slot] on the PCell and the sSCell
· 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.

Notably, Nokia would be supportive of specifing the baseline behaviour so that the UE monitors the USS on PCell and sSCell simultaneously if that would be agreeable to the UE implementations, but as we expect that this is not acceptable we are not proposing it.

BD/CCE limits
The BD/CCE limits for the scheduling cell in case of CA is defined based on the UE monitoring capability, the number of configured downlink cells and the SCS of the cells. The PDCCH monitoring for each cell has to be performed either on the Scell (when self-scheduled) or on the P(S)Cell (when cross carrier scheduled). Rel-16 has addressed the limits for BD/CCE for cross-carrier scheduling between cells with different SCS as indicated in the table below. The difference between Rel-17 cross-carrier scheduling from sScell-to-P(S)Cell and its predecessor is that, the CSS is always monitored on the P(S)Cell and USS for P(S)Cell can be monitored on the P(S)Cell and/or the sSCell. And keeping the overall limits for blind detection not to exceed the existing per-cell limits.  

[image: ]
During RAN1#104bis-e, three options A,B and C were provided for handling the BD/CCEs limits when cross carrier scheduling from sSCell-to-PCell (see the introduction section of this Tdoc). All these options consider the number of PDCCH candidates to be monitored on the P(S)Cell for CSS+USS(x1(m)+x2(m)) and on sSCell/P(S)Cell for USS (y(m)). The various limits Z1, Z2, Z3 or Z4 mentioned in these options would then be dependent upon the specific search space configuration. Hence the search space configuration for the P(S)Cell and sSCell when cross carrier scheduling from sSCell-to-PCell is enabled, needs to ensure that the existing Rel-16 limits as indicated in the table are maintained. 
In our view option B is the method which would allow the most flexibility in the configuration of USS on sScell/P(S)cell without excessive complexity.
Proposal 3: PDCCH monitoring and BD/CCE limits handling as per Option B is preferred.
In regards to enabling Z2>44, this would be acceptable if its part of the same capability in which a UE monitors sScell/P(S)cell simultaneously. Additional capabilities for handling a single feature can lead to a diverse ecosystem of devices supporting different aspects which then leads to implementation to subepport the lowest common denominator which in this case could be Z2<=44.
Proposal 4: If Z2>44 is supported, it should be part of the same UE capability to support simulteanous monitoring on SSCell/P(S)cell.

For example, in the picture below, 3 cells are considered. 2 of which are with the same SCS and the 3rd is with a different SCS. The PDCCH monitoring limits for each scheduled cell in case of self-scheduling or cross-carrier scheduling shall not exceed the limits (eg 44 for SCS=15kHz and 36 for SCS=30kHz). 
The Seach space configuration limits can address the x1(m)+x2(m) and y(m). There is no need for additional RRC configured limit/scaling factor to derive these values.
[image: ]

Proposal 5: Search-space configuration based BD limits is preferred over the RRC configured BD limits/scaling factor.

Location of the PUCCH, PUSCH and SRS
If the uplink is not operating in CA mode, the current specifications would require that the PUxCH and SRS (setting aside the SRS carrier switching) are mapped on the PCell. If the gNB would wish to place these on the SCell carrier, this could be easily achieved by switching that carrier to be the PCell. As typically one would expect the UL coverage to be the bottleneck, having the DL PCell move at the same time would not cause any such issues. Whenever there is a coverage related need to place the PCell on the DSS carrier, but schedule it from the (higher-band) SCell, the uplink would need to be placed on the PCell as well. Considering the SRS carrier switching, the sSCell scheduling the PCell should have no relation to how the SRS carrier switching operates, and no special consideration for that is necessary.
Proposal 6: The requirement to have the PCell configured with the PUSCH/PUCCH/SRS for non-CA case are not modified.
For UL CA case, both of the uplink carriers can be used for PUSCH and SRS, but in case of a single PUCCH group the PUCCH would need to be placed on the PCell. The same coverage argument as made for the non-CA case applies, and there is no obvious reason  to change this for the case of SCell scheduling the PCell.
Proposal 7: The requirement to have the PCell configured with the PUCCH for CA case with single PUCCH group is not modified.
Conclusion
In this contribution the following observations and proposals are made:
Observation 1: The distinction between simultaneous monitoring and retaining simultaneous configurations for the USS set in both PCell and sSCell should be kept clear.
Proposal 1: Adopt modified Alt 2-2 (option 1) or a modifield Alt 2-4 (option 2) for PCell USS set monitoring.
· [Option 1] Alt 2-2 allowing simultaneous monitoring
· 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 
· UE may does not monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS sets simultaneously in certain scenarios, e.g. when the UE falls back to monitoring USS set on the PCell, it is not forbidden from monitoring the USS set on the sSCell.
· [Option 2] Alt 2-4 with SS Group Switching (Alt2-2+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
· SS Group Swithcing is employed for dynamic switching mechanism

Proposal 2: Confirm the WA with the following modification
· 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 baseline UE implementation is not required to monitor the DCI formats on the overlapping [symbol or slot] on the PCell and the sSCell
· 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.

Proposal 3: PDCCH monitoring and BD/CCE limits handling as per Option B is preferred.
Proposal 4: If Z2>44 is supported, it should be part of the same UE capability to support simulteanous monitoring on SSCell/P(S)cell.
Proposal 5: Search-space configuration based BD limits is preferred over the RRC configured BD limits/scaling factor.
Proposal 6: The requirement to have the PCell configured with the PUSCH/PUCCH/SRS for non-CA case are not modified.
Proposal 7: The requirement to have the PCell configured with the PUCCH for CA case with single PUCCH group is not modified.
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