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Introduction
In DSS WID [1], one objective is PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell. The following agreements and working assumption were achieved in RAN1 105-e meeting [2][3].
Agreement
Two types of UEs (Type A and Type B) can support CCS from sSCell to P(S)Cell 
· For Type A UE
· At least following search space sets on P(S)Cell and search space sets on sSCell are configured so that the UE does not monitor them in overlapping [slot/symbol] of P(S)Cell and sSCell
· search space sets on P(S)Cell 
· USS sets for DCI formats 0_1,1_1,0_2,1_2 (if supported for Type A UE)
· USS sets for DCI formats 0_0,1_0
· Type3-CSS set(s) for DCI formats 1_0/0_0 with C-RNTI/CS-RNTI/MCS-C-RNTI 
· search space sets on sSCell 
· USS set(s) for scheduling P(S)Cell
· FFS: BD/CCE handling
· For Type B UE
· Following search space sets on P(S)Cell and search space sets on sSCell can be configured so that the UE monitors them in overlapping [slot/symbol] of P(S)Cell and sSCell
· search space sets on P(S)Cell 
· USS sets for DCI formats 0_0,1_0
· Type3-CSS set(s) for DCI formats 1_0/0_0 with C-RNTI/CS-RNTI/MCS-C-RNTI 
· search space sets on sSCell 
· USS set(s) for scheduling P(S)Cell
· For handling ‘USS sets for scheduling P(S)Cell’ on P(S)Cell and/or on sSCell for DCI formats 0_1,1_1,0_2,1_2
· Alt 2-1 is adopted
· There is no restriction on Type-0/0A/1/2-CSS sets configurations
· FFS: BD/CCE handling
· For Type A and/or Type B UE
· FFS: switching to ‘normal’ PDCCH monitoring on P(S)Cell when sSCell is deactivated
· FFS: Whether Type A is specified or is Type-B with restrictions (as part of UE features discussion)
· FFS: Whether the UE can be configured with unaligned CA
· FFS: Whether the above applies for multicast PDSCH

This contribution provides some further considerations on cross-carrier scheduling from sSCell to P(S)Cell.
Discussion
CCS configuration
Discussion point 4 was discussed during RAN1 #104b-e, the following provides some considerations for it.
Discussion point 4
· [bookmark: OLE_LINK10]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

When P(S)Cell supports cross-carrier scheduling by sSCell, P(S)Cell still can be self-scheduled, which means there are some search spaces for self-scheduled, and some are for cross-carrier scheduled. 
It was proposed to use linked SS sets on PCell and sSCell, i.e. if search spaces with same search space ID are regarded cross carrier scheduled SS. One question is whether allowed a search space set on P(S)Cell have a same ID with a SS set on sSCell, but this SS set is a self-scheduled instead of cross carrier scheduled. Our understanding is this case should be allowed. One method is the set of search spaces used for cross-carrier scheduling can be separately configured from the search spaces used for self-scheduling. For the search space sets of cross-carrier scheduling, the linked SS sets method as same as Rel-15 can be used.
Proposal 1. The set of search spaces used for cross-carrier scheduling can be separately configured from the search spaces used for self-scheduling.
Proposal 2. For a search space set of cross-carrier scheduling, the linked SS sets method as same as Rel-15 can be used. While for a search space set of self-carrier scheduling, even there is a same search space ID on sSCell, the two search space sets do not associated with each other.
When UE is configured with a specific CIF value for the P(S)Cell, CCEs/PDCCH candidates corresponding to this new carrier indicator field value can get from the hash function of the search spaces. 
[image: ]
According to Alt 1 and Alt 2, we are fine for either one. But one clarification is whether the configurations of monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, and duration in alt 2 are based on the SCS of P(S)Cell or sSCell. We think it should be based on sSCell numerology although these are configured on P(S)Cell.
Observation 1. For the set of search spaces used for cross-carrier scheduling, the configurations of monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, and duration in Alt 2 are based on sSCell numerology.

DCI format budget, number of CORESETs and Search space sets
There are DCI size budget limitations, containing the total number of different DCI sizes configured to monitor is no more than 4 for the cell, and the total number of different DCI sizes with C-RNTI configured to monitor is no more than 3 for the cell. All DCI formats configured for P(S)Cell should consider the DCI formats both on P(S)Cell and sSCell. We prefer the total DCI formats monitored by UE should satisfy the current DCI format budget.
Meanwhile, a UE does not expected to be configured with more than 3 CORESETs and 10 search space sets per BWP per serving cell. We think this is still valid when CSS from sSCell to PCell/PSCell. 
Proposal 3. DCI format budget, maximum number of CORESETs and search space sets can be configured per BWP for P(S)Cell should be maintained as Rel-15/Rel-16.
[bookmark: _Hlk48495068]Search Space and DCI format handling 
Symbol or slot
UE does not monitor search space sets on P(S)Cell and search space sets on sSCell in overlapping [slot/symbol] of P(S)Cell and sSCell. According to which one to use for Type A and Type B definitions, slot or symbol, we do not have strong preference, any one is fine.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]If no search space monitoring in overlapping slot, can have no impact to BD/CCE limits. It may change into Rel-15 PDCCH slot based monitoring per P(S)Cell and sSCell. UE does not monitor DCI formats 0_1,1_1,0_2,1_2 on both P(S)Cell USS set(s) and sSCell USS set(s) in a slot simultaneously. Every slot, UE is expected to monitoring PDCCH on one serving cell, P(S)Cell or sSCell.
If no search space monitoring in overlapping symbol, UE may have to switch PDCCH monitoring from P(S)Cell to sSCell within one slot, like from P(S)Cell to sSCell, or vice versa. This definition have more impact on BD/CCE limits.
Whether switching to ‘normal’ PDCCH monitoring on P(S)Cell when sSCell is deactivated
For Type A and/or Type B UE, when sSCell is deactivated, PDCCH monitoring on sSCell is deactivated too. There will be no PDCCH transmission from sSCell. The ‘normal’ PDCCH monitoring on P(S)Cell and cross carrier scheduling PDCCH monitoring on P(S)Cell can be supported by two search space sets group. One is used when there is cross carrier scheduling form sSCell. The other is used when sSCell is deactivated. However, SS set group switching only depends on the activation/deactivation state of sSCell, rather than DCI indication. 
The benefit of this switching is it can provide more suitable search space configurations when sSCell is deactivated, including the candidate number, aggregation level and monitoring occasion etc. All of search space sets monitoring are quite different from with or without sSCell PDCCH monitoring. So we support switching to ‘normal’ PDCCH monitoring on P(S)Cell when sSCell is deactivated, in order to provide more suitable search space monitoring.
Proposal 4. Support switching to ‘normal’ PDCCH monitoring on P(S)Cell when sSCell is deactivated.
Whether the above applies for multicast PDSCH
Regarding multicast PDSCH, its search space is a new type common search space (Type-x CSS). Since this new type CSS does not belong to any of USS sets and Type3-CSS set(s) in the agreement, Type-x CSS can be discussed separately. Due to Type-x CSS is still open in the details, including DCI format and fields, whether or not support cross carrier switching etc. Thus, we think it can be postponed until at least DCI format of multicast PDSCH is finished. 
Proposal 5. For sSCell cross carrier schedule PCell, the discussion of multicast scheduling can be postponed to study.
BD/CCE limit handling
Regarding BD/CCE limit handling when CCS from sSCell to PCell/PSCell, we support both BDs and non-overlapped CCEs on P(S)Cell and sSCell are considered for P(S)Cell. It means two parts of BD/CCE, one from PCell/PSCell and the other part from sSCell. This is quite different from the definition and calculations of previous BD/CCE limits. Since some CSS sets are always on PCell/PSCell, some USS sets or CSS sets may be configured on sSCell, the impact of BD/CCE limit handling is valid. During RAN1 105-e, two options in appendix were proposed and discussed but without an agreement. 
Basically, Option A/C is preferred compared with Option B.  The main difference between Option A and B is BD/CCE limit handling. Option A/C is hard division, while Option B is soft division. When the configured CC number is larger than UE capability, it calculates the BD/CCE limit per same numerology, which is soft division among the cells with same SCS. But the BD/CCE limits of P(S)Cell are fixed to  and . That means when checking whether there is overbooking on P(S)Cell, the configurations of BDs/CCEs on the other SCells with same SCS do not considered. It is easier. Similarly, max of (x1(m1)+x2(m1))+max of y(m2) can provide static values of BD/CCE limits of P(S)Cell. It is easier when the overbooking and dropping on P(S)Cell is implemented due to no consideration of the BDs/CCEs on SCells. However, if Option B is applied, the BDs/CCEs on sSCell vary every slot. There BD/CCE limits change every slot. It is more complex compared with Option A/C. 
For the discussion point of the maximum value of  in Option A/C, at least the case of  is supported. In addition to the  part, it is not essential. Because the intension of sSCell CCS PCell is to increase the PDCCH transmission opportunity, not PDCCH candidates. Basically, the current PDCCH BD limits on P(S)Cell is enough for the scheduling. 
Proposal 6. Regarding BD/CCE limit handling, support Option A/C in proposal 4v3.
Proposal 7. For Option A/C, do not support .
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following observations and proposals.
Observation 1. For the set of search spaces used for cross-carrier scheduling, the configurations of monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, and duration in Alt 2 are based on sSCell numerology.
Proposal 1. The set of search spaces used for cross-carrier scheduling can be separately configured from the search spaces used for self-scheduling.
Proposal 2. For a search space set of cross-carrier scheduling, the linked SS sets method as same as Rel-15 can be used. While for a search space set of self-carrier scheduling, even there is a same search space ID on sSCell, the two search space sets do not associated with each other.
Proposal 3. [bookmark: _GoBack]DCI format budget, maximum number of CORESETs and search space sets can be configured per BWP for P(S)Cell should be maintained as Rel-15/Rel-16.
Proposal 4. Support switching to ‘normal’ PDCCH monitoring on P(S)Cell when sSCell is deactivated.
Proposal 5. For sSCell cross carrier schedule PCell, the discussion of multicast scheduling can be postponed to study.
Proposal 6. Regarding BD/CCE limit handling, support Option A/C in proposal 4v3.
Proposal 7. For Option A/C, do not support α+β>1.
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Appendix
Discuss further in RAN1#106-e:
· Proposal 4v3 in R1-2106291

Proposal 4v3
· For at least Type B UE, downselect from one of the BD/CCE limit handling options below 
· [based on Option A/C] When UE is configured for CCS from sSCell to P(S)Cell and when P(S)Cell SCS () is less than or equal to sSCell SCS ()
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot 
· UE is not required to monitor more than
· Alt1
·   PDCCH BD candidates per P(S)Cell slot
· Alt2
·  PDCCH BD candidates per P(S)Cell slot
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· UE is not required to monitor more than  PDCCH BD candidates per slot of sSCell
· UE is not required to monitor more than
· Alt1
·   PDCCH BD candidates per P(S)Cell slot 
· Alt2:
·  PDCCH BD candidates per P(S)Cell slot 
· At least case of  is supported.
· FFS case of   
· FFS multi-TRP case
· FFS following
· Selection between Alt1 vs. Alt2 above
· Whether separate  and   are configured by RRC or if  and only   is configured
· How the PDCCH BD candidates are distributed between multiple sSCell slots overlapping a P(S)Cell slot when and whether the BD limits for sSCell are specified per sSCell slot or per P(S)Cell slot
· [based on Option B] When UE is configured for CCS from sSCell to P(S)Cell and when when P(S)Cell SCS () is less than or equal to sSCell SCS ()
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates per slot of P(S)Cell 
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· UE is not required to monitor more than  PDCCH BD candidates per slot of sSCell
· Considering both PDCCH BD candidates for P(S)Cell self-scheduling on P(S)Cell and PDCCH BD candidates for sSCell to P(S)SCell cross-carrier scheduling on sSCell
· UE is not required to monitor more than
· Alt 1
·  PDCCH BD candidates per P(S)Cell slot 
· Alt 2
·  PDCCH BD candidates per P(S)Cell slot
· FFS: selection between Alt-1 and Alt-2
· FFS: whether/how the definition of  or is modified compared to Rel16 when UE is configured with CCS from sSCell to P(S)Cell
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