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1 Introduction
This contribution discusses remaining aspects for cross-carrier scheduling from SCell to PCell focusing on the identified issues in RAN1#104bis-e. 
2 PDCCH monitoring 
A number of alternatives were identified for PDCCH monitoring during the discussions in RAN1#104bis-e [1]. Nevertheless, it is clear that support of DSS does not require a UE to change the PDCCH monitoring over Rel-16; the only mandatory feature that the UE needs to support for DSS is scheduling the primary cell from a sSCell, or equivalently to have two scheduling cells for the primary cell.
Observation 1: The only requirement for a UE to support DSS is to support two scheduling cells for a scheduled cell and, in particular, to support a scheduling SCell (sSCell), in addition to the primary cell, for the primary cell.
A Rel-16 UE can therefore support DSS without hardware or specification impact for PDCCH monitoring (subject to an RRC update for the search space set configurations, as is later discussed and required for all alternatives) if the UE is not required to monitor PDCCH on two scheduling cells for one scheduled cell in a same slot (so called Alt. 2-4a – slot is the one of smallest SCS in case of different SCS on primary cell and sSCell). Any additional PDCCH monitoring functionality is optional as it is not required for a UE to support DSS. 
The motivation for DSS is to offload the PDCCH for scheduling on the primary cell to an SCell in order to more efficiently support LTE-NR coexistence where the primary cell is shared with LTE and the SCell is typically on TDD bands. PDCCH monitoring on the primary cell needs to be maintained for non-Type-3 PDCCH CSS or possibly for fall-back. That objective can be trivially achieved by the gNB through the configuration of search space sets and in a manner that maximizes PDCCH monitoring capability for scheduling the primary cell, for example by the gNB configuring PDCCH monitoring on the primary cell during UL slots on the sSCell. It is noted that system information updates are typically much slower than per 5-10 msec (and the same applies for any deployed Type-3 PDCCH CSS although they can remain on the sSCell). There is also no impact to legacy UEs since the gNB configures the (non-Type-3) CSS sets on the primary cell first and then configures the search space sets for DSS on the sSCell (PDCCH monitoring in the same slot on the primary cell and the sSCell can be avoided).    
Observation 2: A UE can support DSS based on Rel-16 PDCCH monitoring where the UE does not monitor PDCCH for a scheduled cell from two scheduling cells in a same slot (for smallest SCS), i.e. using Alt. 2-4a, subject to a general requirement to remove the link among search space sets for the scheduling cell and the scheduled cell.
A first enhancement to the basic Rel-16 PDCCH monitoring to support DSS is to allow search space set switching (so called Alt. 2-2) in order to enable the gNB to perform faster management of search space sets for scheduling on the primary cell. Search space set switching has no additional requirements over Rel-16 on UE hardware (it is mandatorily supported by RRC) and is also supported by Rel-16 specifications – supporting search space set switching by unicast DCI formats or MAC CE in addition to DCI format 2_0 (or in addition to RRC) is a non-issue for a UE as there is no new functionality and is straightforward to specify. 
Observation 3: Search space set switching can be supported for DSS (i.e. Alt. 2-2) with minimal specification impact and without introducing new UE requirements.
The remaining alternatives for PDCCH monitoring to support DSS require a UE to monitor PDCCH for a scheduled cell from two scheduling cells in a same slot. That would require a new UE capability beyond just having two scheduling cells for a scheduled cell. Among those alternatives, Alt. 2-1 (UE can monitor DCI formats 0_1, 1_1, 0_2, 1_2 on the primary cell and the sSCell in a same slot) offers the best functionality and there is no reason to support Alt. 1 (UE can monitor DCI formats 0_1, 1_1, 0_2, 1_2 only on the sSCell) as it has no advantage over Alt. 2-1 while it introduces unnecessary restrictions. In fact, considering that SI updates (or even Type-3 CSS) do not occur more often than 5-10 msec, Alt. 1 has even worse functionality than the “do nothing” Alt. 2-4a. Similar, Alt. 2-3 restricts DCI formats that can be monitored on USS but the end result is an unnecessary restriction that is irrelevant to PDCCH monitoring.
Observation 4: If a UE can monitor PDCCH for a scheduled cell on two scheduling cells in a same slot, it is only detrimental to have any restriction on USS set configurations.
Proposal 1: For PDCCH monitoring enhancements for DSS, consider the following optional UE features (in order of priority):
a) search space set switching, when a UE is not required to monitor PDCCH on the primary cell and on the sSCell in a same slot, for scheduling the primary cell
b) PDCCH monitoring according to search space sets on the primary cell and on the sSCell in a same slot for scheduling the primary cell
Fallback DCI formats (DCI formats 0_0/1_0) cannot be configured with CIF. It is reasonable for a UE to monitor PDCCH with fallback DCI formats scheduling the primary cell from the primary cell itself, i.e., self-scheduling.
Therefore, the following agreement would be also applicable for ‘DCI formats 0_0 and 1_0 in USS’ such that the existing functionality of PDCCH monitoring on the primary cell can be maintained. Unless a clear benefit is identified for restricting use of DCI formats 0_0 and 1_0 only to CSS sets for DSS-UEs, support in USS sets as in Rel-16 is default and no separate agreement in necessary (gNB implementation).
	Agreement (RAN1#104-e)
· When CCS from sSCell to PCell/PSCell is configured, UE monitors ‘DCI formats 0_0 and 1_0 in CSS that schedule PDSCH/PUSCH on PCell/PSCell’ only on the PCell/PSCell and not on the sSCell


Observation 5: There is no reason to preclude a gNB from configuring PDCCH monitoring based on USS sets with DCI formats 0_0/1_0 on the primary cell for CCS operation - Rel-16 configuration of USS sets remains applicable.
Observation 6: There is no need to support cross-carrier scheduling by DCI formats 0_0/1_0 in order to support CCS.
3 BD/CCE limits 
[bookmark: _Hlk530114396]When a UE is configured to monitor PDCCH for USS sets on the primary cell and on the sSCell in a same slot for scheduling the primary cell (Alt. 2-1), a remaining issue is to determine the number of PDCCH candidates  and the number of non-overlapping CCEs  per scheduling cell per slot. For brevity, only the PDCCH candidates are considered next (as everything is also directly applicable to the number of non-overlapping CCEs). It is .
In case of different SCS for the primary cell and the sSCell, the scheduled primary cell is counted on both scheduling cells following the Rel-16 PDCCH monitoring allocation and there have been proposals to apply various scaling factors for the scheduled cell (primary cell) from the first and second scheduling cells (primary cell, sSCell). That is meaningful only if the scaling factors are configured by RRC (i.e. not hard-coded in the specifications) as search space sets are configured by RRC (e.g. the gNB may primarily schedule the primary cell from the sSCell, or may have a more balanced allocation of PDCCH candidates based on the configuration of search space sets). 
Proposal 2: If Alt. 2-1 is supported, support configuration of scaling factors to count a scheduled cell (primary cell) from two scheduling cells (primary cell, sSCell). If configuration is not provided, each scaling factor equals one. 
There is no need to introduce scaling factors for  as the Rel-16 limit per scheduled cell remains applicable, the configuration of search space sets is up to the gNB, and overbooking remains as in Rel-16. 
Observation 7: There is no need to introduce scaling factors for  for the scheduled cell (the primary cell).
The following (non-exclusive) options were identified in RAN1#104bis-e for further consideration 
	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  of the sSCell more than PDCCH candidates per slot of sSCell.
· FFS how limit 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  of the sSCell more than PDCCH candidates per slot of sSCell.
· FFS how limit 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  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)


CCS operation for DSS should not require an increase in UE capability for PDCCH monitoring. Therefore, the maximum number of PDCCH candidates that a UE monitors per slot per scheduled cell should remain same as in Rel-16. An allocation of PDCCH candidates for the scheduled cell (primary cell) between the two scheduling cells (primary cell and the sSCell) can be either fixed or can change per slot. Several options were discussed in RAN1#104bis-e. In one option (Option C), per-scheduling-cell limits are configured so that the allocation of PDCCH candidates for the primary cell is distributed between the two scheduling cells per higher layer configuration. In another option (Option B), there is no per-scheduling-cell limit configuration and an allocation of PDCCH candidates for the primary cell can change per slot (gNB can control signalling load variations over time). Both options work and either could specified but Option B is preferable to Option C as it avoids unnecessary restrictions to the gNB for PDCCH offloading, particularly considering that the gNB is not allowed to configure search space sets that can result to overbooking on the sSCell, and has a smaller specification impact without affecting UE implementation. It is noted that, Option A does not appear to capture any meaningful requirement for the UE since PDCCH monitoring across different slots (where slot is the one of smallest SCS in case of different SCS on primary cell and sSCell) has no relevance to any UE capability for PDCCH monitoring. 
Proposal 3: The number of PDCCH candidates and non-overlapping CCEs per scheduling cell for CCS can vary per slot subject to maintain the Rel-16 UE capability for scheduling the primary cell (“Option B”). 
Accordingly, the parameter Z2 to capture the PDCCH monitoring limit in Option B can be set as in Rel-16 with the clarification for a reference SCS/slot. The UE is not required to monitor on the respective active DL BWPs of the two scheduling cells for the primary cell more than  PDCCH candidates or more than  non-overlapped CCEs per reference slot that is the one corresponding to the smallest SCS in case of different SCS on the primary cell and the sSCell. 
For Option C (separate counting of the BD/CCE on the primary cell and the sSCell), Rel-16 limits for PDCCH monitoring can be maintained but additional scaling factors are needed to determine the allocation of PDCCH candidates for each scheduling cell. Then, the UE is not required to monitor, for the primary cell,
· on the active DL BWP of the primary cell more than  PDCCH candidates or more than  non-overlapped CCEs, and
· on the active DL BWP of the sSCell more than  PDCCH candidates or more than  non-overlapped CCEs, 
per reference slot (corresponding to the smallest SCS in case of different SCS on the primary cell and the sSCell) -  can be provided by higher layers.  
Proposal 4: If Alt. 2-1 is supported, the maximum number of PDCCH candidates and non-overlapping CCEs for scheduling the primary cell with CCS is determined based on Rel-16 limits with respect to the smaller SCS of the two scheduling cells.
In addition, the search space set overbooking procedure for the primary cell needs to be updated based on the decision for BD/CCE limits for the DSS operation. When PDCCH candidates and non-overlapping CCEs in a reference slot are counted across both scheduling cells (the primary cell and the sSCell) towards a joint limit (as in Option B), an overbooking event occurs when the joint count exceeds the joint BD/CCE limit. Since overbooking on the sSCell will not be supported, a UE can drop USS sets only on the PCell. In particular, the UE allocates PDCCH candidates and non-overlapping CCEs in a slot: first to CSS sets, then to USS sets for scheduling the primary cell from the sSCell, and finally to USS sets for self-scheduling the primary cell. It is the gNB’s responsibility to ensure that CSS sets and USS sets for scheduling the primary cell from the sSCell, in all slots, are allocated within the UE capability limit for BD/CCE and cannot be dropped. 
When PDCCH candidates and non-overlapping CCEs in a reference slot are counted separately on each scheduling cell (the primary cell and the sSCell) towards corresponding BD/CCE limits (as in Option C), an overbooking event occurs when the count on the primary cell exceeds the corresponding BD/CCE limit, captured by the new parameter Z4. The overbooking procedure is same as in Rel-16, except that the new parameter Z4 is applied. 
It is noted that none of the above is needed (no new UE implementations/specifications) with Alt. 2-4a (no specification impact) or with Alt. 2-2 (search space set switching when the UE does no monitor PDCCH on both primary cell and sSCell for scheduling the primary cell in a same (smaller SCS) slot).
Proposal 5: If Alt. 2-1 is supported, consider modifications to the overbooking procedure on the primary cell based on the decision for BD/CCE limits for DSS operation.
Observation 8: Alt. 2-1 requires multiple changes to UE implementation to support CCS and, in case of different SCS for the primary cell and the sSCell, results to fewer PDCCH candidates/non-overlapped CCEs for scheduling the primary cell than Alt. 2-4a (baseline with no specification change) or Alt. 2-2.
4 Search space set linking
In RAN1#104bis-e, search space set linking was discussed as follows pending further discussion [1]. 
	· Companies are encouraged to provide comments on below search space linking framework for CCS from sSCell to P(S)Cell including preference between Alt1, Alt 2 or other alternative.
· When CCS from sSCell to Pcell/PSCell is configured
· UE is configured with search space set Ssa on P(S)Cell with search space ID = X1
· If UE is configured with a search space set SSb on sSCell with same search space ID = X1 (i.e., ‘linked SS sets’ approach as in Rel16)
· DCI formats monitored by UE on SSb with n_CI corresponding to CIF P(S)Cell are used for P(S)Cell PUSCH/PDSCH scheduling
· For monitoring the DCI formats on SSb used for P(S)Cell PUSCH/PDSCH scheduling 
· Alt 1
· nrofCandidates is derived from Ssa configuration
· monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, duration are derived from SSb configuration and same parameters are also used for self-scheduling on sSCell (i.e., same approach as in Rel16)
· Alt 2
· nrofCandidates is derived from Ssa configuration
· monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, duration are configured independently from the parameters used for self-scheduling on sSCell
· FFS Details
· Alt 3
· other


The main difference between Alt.1 and Alt.2 is whether the time domain configuration of sSCell PDCCH for scheduling the primary cell is derived from that of sSCell self-scheduling or is independently configured.
Rel-15/16 NR search space set configuration via SearchSpace IE consists of multiple fields such as {searhSpaceId, controResourceSetId, monitoringSlotPeriodicityAndOffset, duration, monitoringSymbolsWithinSlot, nrofCandidates, and searchSpaceType}. Further, for Rel-15/16 cross-carrier scheduling, the following constraints are specified in TS38.331:
· Constraint 1: For a scheduled cell with cross carrier scheduling, except for nrofCandidates, all the optional fields are absent.
· Constraint 2: In case of cross carrier scheduling, search space sets with same searchSpaceId in the scheduled cell and scheduling cell are linked. 
For DSS CCS, both above constraints become more detrimental than they are in Rel-15/16 (and the specification in Rel-15/16 are not according to RAN1 agreements; rather, they became necessary due to a misunderstanding by RAN2 and the ASN.1 freeze). First, due to less PDCCH resource availability on the primary cell due to LTE, there is no point to link the search space set configurations for scheduling the primary cell and the sSCell. In other words, the sSCell has much larger freedom for search space set configuration for scheduling the primary cell and does not require search space set linking for cross-carrier scheduling the primary cell with self-scheduling on sSCell. Second, Rel-15/16 search space set linking is established assuming a single scheduling cell (either primary cell or sSCell), while the search space set for cross-carrier scheduling of the primary cell is separated across two scheduling cells. This makes the search space set linking for cross-carrier scheduling from sSCell to the primary cell more problematic. Third, different use-cases of primary cell scheduling, e.g., for URLLC/coverage in addition to eMBB, compared to sSCell self-scheduling (mainly for eMBB) motivate separate search space set configuration. Therefore, instead of partially de-linking the search space set configurations, they should be fully independent.
Proposal 6: When CCS is configured for DSS, the search space sets on sSCell for scheduling the primary cell are independently configured from the search space sets for self-scheduling on sSCell.
· The search space set configuration includes searhSpaceId, controResourceSetId, monitoringSlotPeriodicityAndOffset, duration, monitoringSymbolsWithinSlot, nrofCandidates, and searchSpaceType
5 sSCell activation/deactivation
A SCell can be activated/deactivated using Rel-15 mechanisms, or for the purposes of DSS using Rel-16 mechanisms (dormant BWP), or using mechanisms that are to be specified in Rel-17 (MAC CE, as in Rel-15). While there can be various ‘speeds’ for general SCell activation/deactivation, dormancy/non-dormancy (DCI or MAC CE), and a sSCell can be deactivated by same mechanisms, a new sSCell needs to be ‘activated’ for the purposes of DSS when a current sSCell is deactivated. RRC reconfiguration is a default option but it is pointless to have fast SCell activation for general scheduling but slow sSCell ‘activation’ for DSS. MAC CE based or DCI-based assignment of an activated SCell as sSCell should be supported for DSS in order to have uninterrupted DSS operation. 
Proposal 7: Support simultaneous replacement of a deactivated/dormant sSCell by a new sSCell, or DCI/MAC CE based indication of sSCell.
6 Other
Discussions on DSS so far focused on the Rel-16 framework. Rel-17 introduces support for multicast-broadcast services (MBS). DSS should not be limited only to unicast PDSCH as then its overall usefulness to a network is compromised.
Proposal 8: Cross-carrier scheduling from sSCell to PCell/PSCell is supported for both unicast PDSCH and multicast PDSCH.
7 Conclusion
Based on above discussion for cross-carrier-scheduling from SCell to PCell, we provide the following observations and proposals:
PDCCH monitoring:
Observation 1: The only requirement for a UE to support DSS is to support two scheduling cells for a scheduled cell and, in particular, to support a scheduling SCell (sSCell), in addition to the primary cell, for the primary cell.
Observation 2: A UE can support DSS based on Rel-16 PDCCH monitoring where the UE does not monitor PDCCH for a scheduled cell from two scheduling cells in a same slot (for smallest SCS), i.e. using Alt. 2-4a, subject to a general requirement to remove the link among search space sets for the scheduling cell and the scheduled cell.
Observation 3: Search space set switching can be supported for DSS (i.e. Alt. 2-2) with minimal specification impact and without introducing new UE requirements.
Observation 4: If a UE can monitor PDCCH for a scheduled cell on two scheduling cells in a same slot, it is only detrimental to have any restriction on USS set configurations.
Proposal 1: For PDCCH monitoring enhancements for DSS, consider the following optional UE features (in order of priority):
a) search space set switching, when a UE is not required to monitor PDCCH on the primary cell and on the sSCell in a same slot, for scheduling the primary cell
b) PDCCH monitoring according to search space sets on the primary cell and on the sSCell in a same slot for scheduling the primary cell
Observation 5: There is no reason to preclude a gNB from configuring PDCCH monitoring based on USS sets with DCI formats 0_0/1_0 on the primary cell for CCS operation - Rel-16 configuration of USS sets remains applicable.
Observation 6: There is no need to support cross-carrier scheduling by DCI formats 0_0/1_0 in order to support CCS.

BD/CCE limit:
Proposal 2: If Alt. 2-1 is supported, support configuration of scaling factors to count a scheduled cell (primary cell) from two scheduling cells (primary cell, sSCell). If configuration is not provided, each scaling factor equals one.
Observation 7: There is no need to introduce scaling factors for  for the scheduled cell (the primary cell).
Proposal 3: The number of PDCCH candidates and non-overlapping CCEs per scheduling cell for CCS can vary per slot subject to maintain the Rel-16 UE capability for scheduling the primary cell (“Option B”).
Proposal 4: If Alt. 2-1 is supported, the maximum number of PDCCH candidates and non-overlapping CCEs for scheduling the primary cell with CCS is determined based on Rel-16 limits with respect to the smaller SCS of the two scheduling cells.
Proposal 5: If Alt. 2-1 is supported, consider modifications to the overbooking procedure on the primary cell based on the decision for BD/CCE limits for DSS operation.
Observation 8: Alt. 2-1 requires multiple changes to UE implementation to support CCS and, in case of different SCS for the primary cell and the sSCell, results to fewer PDCCH candidates/non-overlapped CCEs for scheduling the primary cell than Alt. 2-4a (baseline with no specification change) or Alt. 2-2.

Search space set linking:
Proposal 6: When CCS is configured for DSS, the search space sets on sSCell for scheduling the primary cell are independently configured from the search space sets for self-scheduling on sSCell.
· The search space set configuration includes searhSpaceId, controResourceSetId, monitoringSlotPeriodicityAndOffset, duration, monitoringSymbolsWithinSlot, nrofCandidates, and searchSpaceType

sSCell activation/deactivation:
Proposal 7: Support simultaneous replacement of a deactivated/dormant sSCell by a new sSCell, or DCI/MAC CE based indication of sSCell.

Other:
Proposal 8: Cross-carrier scheduling from sSCell to PCell/PSCell is supported for both unicast PDSCH and multicast PDSCH.
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