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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 were achieved in RAN1 106-e meeting [2][3].
Agreement
Specification supports dormant BWP operation on sSCell for a UE is configured CCS from sSCell to P(S)Cell. 
Agreement
· When CCS from sSCell to P(S)Cell is configured for a UE
· at least the number of PDCCH monitoring candidates monitored on sSCell (for scheduling P(S)Cell) is indicated to the UE using the SS set linking approach as in Rel16
· FFS: If any modifications to Rel16 approach are introduced for monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, duration for the PDCCH monitoring candidates monitored on sSCell (for scheduling P(S)Cell)
Agreement
· At least for Type B UE, when the 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 (), and at least when UE is not provided monitoringCapabilityConfig for any cell, down select one from [based on Option A/C] or [based Option C] below
· [based on Option A/C]
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  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 [ or ] PDCCH BD candidates per sSCell slot (Note: this is assumed per Rel16)
· UE is additionally not required to monitor more than  PDCCH BD candidates per P(S)Cell slot
·   and   are based on RRC configuration and at least cases of  are supported
· FFS the following for [based on Option A/C]
· Distribution of PDCCH BD candidates between multiple sSCell slots overlapping a P(S)Cell slot including whether the above additional BD limitation is defined per sSCell slot or per P(S)Cell slot.
· Discuss further using following alternatives as starting point (other alternatives/further refinement of alternatives not precluded)
·  Alt1
· The additional BD limitation is per sSCell slot with further limitation that UE is not required to monitor more than  PDCCH BD candidates per sSCell slot
· Alt 2
· The additional BD limitation is per P(S)Cell slot and no further restrictions
· Alt 3
· The additional BD limitation is per P(S)SCell slot with below further limitation
· All search space configurations monitored on sSCell for cross-carrier scheduling to P(S)Cell are within a single span of 3 consecutive OFDM symbols within a duration spanning P(S)Cell slot
· Whether/how the definition of  or is modified compared to Rel16 when UE is configured with CCS from sSCell to P(S)Cell
· Whether separate  and   are configured by RRC or if  and only   is configured
· [based on Option C]
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  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 sSCell slot
· When determining  and 
· P(S)Cell self-scheduling is counted by applying scaling factor s1, 
· sSCell to PCell scheduling is counted additionally (assuming SCS of sSCell) by applying scaling factor s2
·   and    
· FFS the following
· Allowed combinations of s1 and s2 , and whether they are fixed or configured via RRC
· Whether/how the definition of  or is modified compared to Rel16 when UE is configured with CCS from sSCell to P(S)Cell
· FFS the following
· Multi-TRP handling
· PDCCH BD handling when monitoringCapabilityConfig = r16monitoringcapability is configured for any cell

This contribution provides some further considerations on cross-carrier scheduling from sSCell to P(S)Cell.
Discussion
[bookmark: _Hlk48495068]Search Space and DCI format handling 
Type A UE:
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. The proposal 2 was discussed during RAN1 106e meeting. The last version is proposal 2v4 was listed below. 
Proposal 2v4 
· For Type A UE, there is no restriction on Type-0/0A/1/2-CSS sets configurations
· FFS the following for Type A UE: 
· In overlapping [symbol/slot] of P(S)Cell and sSCell where a UE is configured to monitor Type-0/0A/1/2/-CSS sets on P(S)Cell and configured to monitor search space sets on sSCell (for scheduling P(S)Cell),
· Alt1
· The UE does not expect to decode DCI format(s) with CRC scrambled C-RNTI/MCS-C-RNTI/CS-RNTI on Type-0/0A/1/2-CSS sets on P(S)Cell
· Alt2: 
· The UE drops the overlapped USS sets on sSCell
· Alt3 
· The UE decodes DCI format(s) on Type-0/0A/1/2-CSS sets on P(S)Cell and the overlapped USS sets on sSCell.
· If Alt1 or Alt 3 above is selected Alt 2 above is not selected
· PDCCH BD limit handling is according to agreement for Type B UE
· Note: Separate specification of Type A UE may not be needed and UE can be considered as Type-B with restrictions (discussed as part of UE features discussion)
· If Alt2 above is selected
· For UE with N serving cells, P(S)Cell with SCS  and sSCell with SCS 
· When monitoring PDCCH on P(S)Cell slots, PDCCH BD limit is according to Rel16 case for self-scheduling of serving cell with SCS  
·  is based on including P(S)Cell self-scheduling and N-1 other {scheduling cell, scheduled cell} combinations in which sSCell to P(S)Cell cross-carrier scheduling is not included.
· When monitoring PDCCH (for cross-carrier scheduling to P(S)Cell) on sSCell slots, PDCCH BD limit is according to Rel16 case for cross-carrier scheduling from a scheduling cell with SCS  to scheduled cell of SCS 
·  is based on including sSCell to P(S)Cell cross-carrier scheduling and N-1 other {scheduling cell, scheduled cell} combinations in which P(S)Cell self-scheduling is not included

We are partially supportive of above proposal. 
For first bullet, it is reasonable, because Type-0/0A/1/2-CSS sets are always cell-specific or BWP-specific configuration, it is hard to give some restriction on them only for Type A UE in DSS. 
For the second FFS part, we would like to suggest Alt 2 over Alt 1 and 3. Since UE does not reduce any complexity if Alt 1 adopted. It requires UE to decode SI-RNTI/RA-RNTI/P-RNTI separately for Type-0/0A/1/2-CSS sets on PCell and decode USS sets on sSCell. It does not reduce the complexity comparing Type B UE. In addition, Alt 2 is more aligned with the principle of CSS share higher priority than USS, so dropping the overlapped USS sets on sSCell is preferred. 
For the BD/CCE limits part, we suggest to postpone it until achieve agreement for Type B UE.
Proposal 1. For Type A UE,
· there is no restriction on Type-0/0A/1/2-CSS sets configurations
· In overlapping [symbol/slot] of P(S)Cell and sSCell where a UE is configured to monitor Type-0/0A/1/2/-CSS sets on P(S)Cell and configured to monitor search space sets on sSCell (for scheduling P(S)Cell),
· Alt2: 
· The UE drops the overlapped USS sets on sSCell
When sSCell is deactivated or in the dormancy BWP
For Type A and/or Type B UE, when sSCell is deactivated, PDCCH monitoring on sSCell is deactivated. When sSCell is switched into dormancy BWP, there is no PDCCH monitoring on it. Under these two cases, there will be no PDCCH transmission from sSCell. So for Type A UE, it is nature to support non-fallback DCI on P(S)Cell. Thus we support the proposal 3v2 from last meeting.
Proposal 2. Support Proposal 3v2
· For Type A UE configured with sSCell, when the sSCell is deactivated, monitoring of non-fallback DCI formats on P(S)Cell is supported. 
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 3. [bookmark: _GoBack]Support switching to ‘normal’ PDCCH monitoring on P(S)Cell when sSCell is deactivated or switched into dormancy BWP.
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 4. For sSCell cross carrier schedule PCell, the discussion of multicast scheduling can be postponed to study.
BD/CCE limit handling
Calculation of  for P(S)Cell and sSCell
According to the BD/CCE limits,  is defined by cell,  is calculated by numerology. Considering sSCell cross carrier scheduling PCell,  per numerology needs study separately for PCell and sSCell.
Since there are several preferences of determining  or  suggested in last meetings, such as:
· Alt 1: (p-p) counted once, (s-p) is not counted (i.e., similar to Rel16)
· Alt 2: (p-p) counted once, (s-p) is counted one additional time assuming SCS of sSCell 
· Alt 3: (p-p) counted by applying scaling factor s1, (s-p) is counted additionally assuming SCS of sSCell by applying scaling factor s2
It is clear that the basic differences between above principles are the diverse calculations of  and . 
For Alt 1, (p-p) counted once, (s-p) is not counted (i.e., similar to Rel16). It has no change to the current definition of  and . It implies the part of s-p is not counted, while all the BD/CCE limit of PCell is treated as self-scheduled, including self-scheduling and cross carrier scheduling parts. Thus, the actual BD/CCE limit of PCell self-scheduling, per the numerology of PCell, is less than the value , by applying scaling factor . The actual BD/CCE limit of sSCell cross carrier scheduling PCell, per numerology of sSCell, is no matter with  if it is calculated without s-p part. 

For Alt 3, it means (p-p) counted once, (s-p) is counted one additional time assuming SCS of sSCell. However, in this case the    should be changed when counting the serving cell number. Such as for P(S)Cell, it should change  into the scaled cell number due to only  out of P(S)Cell for self-scheduling. For P(S)Cell, it should change  into the scaled cell number due to the additional out of P(S)Cell for cross carrier scheduling. In this case, on sSCell for cross-carrier scheduling to P(S)Cell, the BD/CCE limit is still [] PDCCH BD candidates per sSCell slot.
So for this [ or ] bracket issue, calculations of  and  should be given first. We are fine to Alt 1 or Alt 3. Alt 3 is similar as m-TRP introduced in Rel-16, the difference is the   and. Alt 1 is more simple.
Proposal 5. Alt 1 or Alt 3 can be applied for calculation of  for P(S)Cell and sSCell. 
a) Alt 1: (p-p) counted once, (s-p) is not counted (i.e., similar to Rel16)
b) Alt 3: (p-p) counted by applying scaling factor s1, (s-p) is counted additionally assuming SCS of sSCell by applying scaling factor s2
Proposal 6. 
c) If Alt 1 is used, [based on Option A/C] applies
d) If Alt 3 is used, [based on Option C] applies.
Proposal 7. For Option A/C, on sSCell for cross-carrier scheduling to P(S)Cell, the BD/CCE limit is PDCCH BD candidates per sSCell slot
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 8. 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: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following observations and proposals.
Proposal 1. For Type A UE,
· there is no restriction on Type-0/0A/1/2-CSS sets configurations
· In overlapping [symbol/slot] of P(S)Cell and sSCell where a UE is configured to monitor Type-0/0A/1/2/-CSS sets on P(S)Cell and configured to monitor search space sets on sSCell (for scheduling P(S)Cell),
· Alt2: 
· The UE drops the overlapped USS sets on sSCell
Proposal 2. Support Proposal 3v2
· For Type A UE configured with sSCell, when the sSCell is deactivated, monitoring of non-fallback DCI formats on P(S)Cell is supported. 
Proposal 3. Support switching to ‘normal’ PDCCH monitoring on P(S)Cell when sSCell is deactivated.
Proposal 4. For sSCell cross carrier schedule PCell, the discussion of multicast scheduling can be postponed to study.
Proposal 5. Alt 1 or Alt 3 can be applied for calculation of  for P(S)Cell and sSCell. 
e) Alt 1: (p-p) counted once, (s-p) is not counted (i.e., similar to Rel16)
f) Alt 3: (p-p) counted by applying scaling factor s1, (s-p) is counted additionally assuming SCS of sSCell by applying scaling factor s2
Proposal 6. 
g) If Alt 1 is used, [based on Option A/C] applies
h) If Alt 3 is used, [based on Option C] applies.
Proposal 7. For Option A/C, on sSCell for cross-carrier scheduling to P(S)Cell, the BD/CCE limit is PDCCH BD candidates per sSCell slot
Proposal 8. 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.
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