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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 106b-e meeting [2][3].
Agreement
Option A is supported in Rel-17
· 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, ]
· Option A
· 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
· UE is additionally not required to monitor more than  PDCCH BD candidates per P(S)Cell slot
·   is based on RRC configuration 
·   is used for P(S)Cell overbooking procedure
· When determining  and  
· P(S)Cell self-scheduling is counted by applying scaling factor s1 
· sSCell to P(S)Cell scheduling is counted additionally (assuming SCS of sSCell) by applying scaling factor s2
· s1=1 and s2=0, FFS other s1 and s2
· UE capability/incapability indication for below to be discussed as part of UE features discussion
· 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
· Same approach as above is used for CCE limits
· FFS: Separate vs. same RRC configured scaling factors (corresponding to ) for BD and CCE limits.
· When P(S)Cell SCS () is larger than sSCell SCS (), for CCS from sSCell to P(S)Cell and, it is not supported Rel-17 DSS.
Working Assumption
· When CIF for sSCell to PCell cross-carrier scheduling is configured, non-fallback DCI formats on P(S)Cell include same number of CIF bits as the corresponding non-fallback DCI formats on sSCell that are used for sSCell to P(S)Cell scheduling

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:
For Type A UE, it is a low capability UE, such as it does not monitor some types of 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 2v2-1 was discussed during RAN1 106b-e meeting.  

[bookmark: OLE_LINK2]Proposal 2v2-1
· Down-select from following approaches for PDCCH monitoring and BD limit handling for Type A UE
· Possible Approach 1
· All UEs (supporting cross-carrier scheduling from SCell to Pcell) can simultaneously monitor ‘USS sets (for P(S)Cell scheduling) on sSCell’ and ‘Type 0/0A/1/2/CSS sets on P(S)Cell at least for broadcast DCI formats’
· BD/CCE limits for Type B UEs are applicable for all UEs supporting cross-carrier scheduling from sSCell to P(S)Cell
· Additional simplifications to PDCCH monitoring can be discussed during UE capabilities discussions including the following
· Type A UE as per RAN1#105-e agreement and
· simultaneous monitoring of ‘USS sets (for P(S)Cell scheduling) on sSCell’ and ‘Type 0/0A/1/2/CSS sets on P(S)Cell’ 
· Type A UE as per RAN1#105-e agreement and
· no simultaneous monitoring between ‘USS sets (for P(S)Cell scheduling) on sSCell’ and ‘Type 0/0A/1/2/CSS sets on P(S)Cell for DCI formats with CRC scrambled by C-RNTI/MCS-C-RNTI/CS-RNTI’ 
· simultaneous monitoring of ‘USS sets (for P(S)Cell scheduling) on sSCell’ and ‘Type 0/0A/1/2/CSS sets on P(S)Cell for DCI formats with CRC not scrambled by C-RNTI/MCS-C-RNTI/CS-RNTI’
· Separate UE capability/incapability is introduced to indicate support/no support of simultaneous monitoring of ‘USS sets (for P(S)Cell scheduling) on sSCell’ and ‘Type 0/0A/1/2/CSS sets on P(S)Cell for unicast DCI formats’
· Possible Approach 2 
· All UEs (supporting cross-carrier scheduling from SCell to Pcell) can be configured with Type 0/0A/1/2/CSS sets on P(S)Cell that overlap with sSCell USS sets (for P(S)Cell scheduling)
· Type A UEs drop the USS set(s) on sSCell (for P(S)Cell scheduling) that overlap in same [symbol/slot] as Type 0/0A/1/2/CSS sets on P(S)Cell
· Separate UE capability is introduced for the Type A UEs
· BD/CCE limit for Type A UE is based on one of the following approaches
· Option B (discussed earlier for Type B UEs)
· Option D
· In a slot, if the PDCCH candidates are only configured on P(S)Cell, the BD/CCE limit on this slot is determined based on the P(S)Cell configurations
· In a slot, if the PDCCH candidates are configured only on sSCell, the BD/CCE limit on this slot is determined based on the sSCell configurations
· The limit of Rel-16 UE capability is applied without further restrictions
· Option E
· No per-slot change in  and 

Clearly, the main difference of Approach 1 and 2 is whether a Type A UE could monitoring‘USS sets (for P(S)Cell scheduling) on sSCell’ and ‘Type 0/0A/1/2/CSS sets on P(S)Cell’ simultaneously. 
In Approach 1, a Type A UE could simultaneously monitoring USS sets (for P(S)Cell scheduling) on sSCell’ and ‘Type 0/0A/1/2/CSS sets on P(S)Cell’ for DCI formats with CRC scrambled by SI-RNTI/P-RNTI/RA-RNTI only, but not for DCI formats with CRC scrambled by C-RNTI/MCS-C-RNTI/CS-RNTI. The reason is the parallel process for broadcast PDCCH and unicast PDCCH is different from the parallel process for unicast PDCCHs on two cells for the same scheduled cell. So Approach 1 is different from Type B UE. From this aspect, we think the current words is not clear. Because when monitoring a SS set, UE cannot identify which RNTI is used for the DCI formats associated with it. RNTI can only be known after decoding. Thus, the bullet in the red part should be changed. We think ‘monitoring’ can be replaced by ‘processing’ for Approach 1. 
· no simultaneous processing between ‘USS sets (for P(S)Cell scheduling) on sSCell’ and ‘Type 0/0A/1/2/CSS sets on P(S)Cell for DCI formats with CRC scrambled by C-RNTI/MCS-C-RNTI/CS-RNTI’ 
· simultaneous processing of ‘USS sets (for P(S)Cell scheduling) on sSCell’ and ‘Type 0/0A/1/2/CSS sets on P(S)Cell for DCI formats with CRC not scrambled by C-RNTI/MCS-C-RNTI/CS-RNTI’
For Approach 2, it gives even simpler method for Type A UE, which reduce the blind decoding complexity comparing Type B UE. In addition, Alt 2 reuse the legacy principle of CSS share higher priority than USS, dropping the overlapped USS sets on sSCell. For the BD/CCE limits part, Option B is aligned with our understanding. Dropping USS sets does not impact the BD or CCE counting. 
Proposal 1. Support the following update for Type A UE, replace ‘monitoring’ to ‘processing’ for Approach 1.
· Possible Approach 1
· BD/CCE limits for Type B UEs are applicable for all UEs supporting cross-carrier scheduling from sSCell to P(S)Cell
· Additional simplifications to PDCCH monitoring can be discussed during UE capabilities discussions including the following
· Type A UE as per RAN1#105-e agreement and
· simultaneous monitoring of ‘USS sets (for P(S)Cell scheduling) on sSCell’ and ‘Type 0/0A/1/2/CSS sets on P(S)Cell’ 
· Type A UE as per RAN1#105-e agreement and
· no simultaneous processing between ‘USS sets (for P(S)Cell scheduling) on sSCell’ and ‘Type 0/0A/1/2/CSS sets on P(S)Cell for DCI formats with CRC scrambled by C-RNTI/MCS-C-RNTI/CS-RNTI’ 
· simultaneous processing of ‘USS sets (for P(S)Cell scheduling) on sSCell’ and ‘Type 0/0A/1/2/CSS sets on P(S)Cell for DCI formats with CRC not scrambled by C-RNTI/MCS-C-RNTI/CS-RNTI’
· Possible Approach 2 
· All UEs (supporting cross-carrier scheduling from SCell to Pcell) can be configured with Type 0/0A/1/2/CSS sets on P(S)Cell that overlap with sSCell USS sets (for P(S)Cell scheduling)
· Type A UEs drop the USS set(s) on sSCell (for P(S)Cell scheduling) that overlap in same [symbol/slot] as Type 0/0A/1/2/CSS sets on P(S)Cell
· Separate UE capability is introduced for the Type A UEs
· BD/CCE limit for Type A UE is based on one of the following approaches
· Option B (discussed earlier for Type B UEs)
Proposal 2. First preference is approach 2, we are fine with approach 1 with the update.
 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, it is nature to support more suitable DCI formats or candidates on P(S)Cell. Thus we basically support the proposal 6 from last meeting.
Proposal 6
· For a UE configured for cross-carrier scheduling from sSCell to P(S)Cell, when sSCell is deactivated, a mechanism to support monitoring of additional PDCCH monitoring candidates/DCI formats on P(S)Cell is supported
· The additional PDCCH monitoring candidates/DCI formats are not monitored on P(S)Cell when sSCell is activated
· FFS whether the additional PDCCH monitoring candidates/DCI formats are in
· additional SS set(s) that are not monitored on P(S)Cell when sSCell is activated
· SS set(s) that are monitored on P(S)Cell when sSCell is activated
 
The benefit of this switching is it can provide more suitable search space configurations when sSCell is deactivated or in dormant BWP, 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 another set of PDCCH monitoring on P(S)Cell when sSCell is deactivated/dormancy, in order to provide more suitable search space monitoring.
According to the method, additional PDCCH monitoring candidates/DCI formats, or another search space sets group can be applied. We are more prefer the legacy SSSG switching. The 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 or in dormant BWP. 
Proposal 3. For a UE configured for cross-carrier scheduling from sSCell to P(S)Cell, when sSCell is deactivated, a mechanism to support monitoring of additional PDCCH monitoring candidates/DCI formats on P(S)Cell is supported
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 RAN1 106e, 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 . 
We think only	s1=1 and s2=0 is reasonable for the agreed Option A, which means only (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. Other s1 and s2 do not need.

So for this [ or ] bracket issue,  is right according to s1=1 and s2=0.
Proposal 4. For Option A, on sSCell for cross-carrier scheduling to P(S)Cell, the BD/CCE limit is PDCCH BD candidates per sSCell slot
Proposal 5. No other s1 and s2 values for BD/CCE limits besides s1=1 and s2=0.
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 6. 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.
DCI alignment
There was a WA that CIF bits length should be aligned for non-fallback DCI formats across P(S)Cell and sSCell. We support the intension which wants to keep one DCI size for one DCI format on both P(S)Cell and sSCell. Besides CIF fields, there are other fields need similar clarifications. 
One is TCI field in non-fallback DCI format. For DCI format 1_1, it can be 0 or 3 bits, depending on the tci-PresentInDCI which is per CORESET configuration, is enable or not. To resolve this problem, there is a statement to align the DCI format 1_1 size in multiple CORESETs. As shown below.
38212 section 7.3.1.2.2:
If DCI formats 1_1 are monitored in multiple search spaces associated with multiple CORESETs in a BWP for scheduling the same serving cell, zeros shall be appended until the payload size of the DCI formats 1_1 monitored in the multiple search spaces equal to the maximum payload size of the DCI format 1_1 monitored in the multiple search spaces.
For sSCell CCS P(S)Cell, the above should be changed to include those multiple CORESETs in a BWP on P(S)Cell and a BWP on sSCell for scheduling P(S)Cell. For search space sets cross carrier scheduling P(S)Cell, they are associated with CORESETs on sSCell, which may to different TCI fields length on sSCell and P(S)Cell. For example, there are 3 bits of TCI field for P(S)Cell scheduling, and 0 bit for sSCell scheduling. In these case, TCI field bits length can be aligned, or DCI format 1_1 payload size can be aligned between P(S)Cell and sSCell. Similarly, tci-PresentDCI-1-2 is also configured per CORESET. 
Another fields is SCell dormancy indication, which only exist on DCI formats on P(S)Cell. Thus, it also needs to do alignment among sSCell and P(S)Cell, when there is dormancyGroupWithinActiveTime is configured. 
There are two alternatives for the above discussions. Down selection can be studied. 
· Alt 1: Align every fields in non-fallback DCI formats on P(S)Cell as the corresponding non-fallback DCI formats on sSCell that are used for sSCell to P(S)Cell scheduling
· Alt 2: Align total DCI size of non-fallback DCI formats on P(S)Cell as the corresponding non-fallback DCI formats on sSCell that are used for sSCell to P(S)Cell scheduling
Observation 1. Beside CIF field, TCI and SCell dormancy indication field can be with different bit length in non-fallback DCI on P(S)Cell and sSCell.
Proposal 7. Down selection of the two alternatives for DCI size alignment 
· Alt 1: Align every fields in non-fallback DCI formats on P(S)Cell as the corresponding non-fallback DCI formats on sSCell that are used for sSCell to P(S)Cell scheduling
· Alt 2: Align total DCI size of non-fallback DCI formats on P(S)Cell as the corresponding non-fallback DCI formats on sSCell that are used for sSCell to P(S)Cell scheduling
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following observation and proposals.
Observation 1. Beside CIF field, TCI and SCell dormancy indication field can be with different bit length in non-fallback DCI on P(S)Cell and sSCell.
Proposal 1. Support the following update for Type A UE, replace ‘monitoring’ to ‘processing’ for Approach 1.
· Possible Approach 1
· BD/CCE limits for Type B UEs are applicable for all UEs supporting cross-carrier scheduling from sSCell to P(S)Cell
· Additional simplifications to PDCCH monitoring can be discussed during UE capabilities discussions including the following
· Type A UE as per RAN1#105-e agreement and
· simultaneous monitoring of ‘USS sets (for P(S)Cell scheduling) on sSCell’ and ‘Type 0/0A/1/2/CSS sets on P(S)Cell’ 
· Type A UE as per RAN1#105-e agreement and
· no simultaneous processing between ‘USS sets (for P(S)Cell scheduling) on sSCell’ and ‘Type 0/0A/1/2/CSS sets on P(S)Cell for DCI formats with CRC scrambled by C-RNTI/MCS-C-RNTI/CS-RNTI’ 
· simultaneous processing of ‘USS sets (for P(S)Cell scheduling) on sSCell’ and ‘Type 0/0A/1/2/CSS sets on P(S)Cell for DCI formats with CRC not scrambled by C-RNTI/MCS-C-RNTI/CS-RNTI’
· Possible Approach 2 
· All UEs (supporting cross-carrier scheduling from SCell to Pcell) can be configured with Type 0/0A/1/2/CSS sets on P(S)Cell that overlap with sSCell USS sets (for P(S)Cell scheduling)
· Type A UEs drop the USS set(s) on sSCell (for P(S)Cell scheduling) that overlap in same [symbol/slot] as Type 0/0A/1/2/CSS sets on P(S)Cell
· Separate UE capability is introduced for the Type A UEs
· BD/CCE limit for Type A UE is based on one of the following approaches
· Option B (discussed earlier for Type B UEs)
Proposal 2. First preference is approach 2, we are fine with approach 1 with the update.
Proposal 3. For a UE configured for cross-carrier scheduling from sSCell to P(S)Cell, when sSCell is deactivated, a mechanism to support monitoring of additional PDCCH monitoring candidates/DCI formats on P(S)Cell is supported
Proposal 4. For Option A, on sSCell for cross-carrier scheduling to P(S)Cell, the BD/CCE limit is PDCCH BD candidates per sSCell slot
Proposal 5. No other s1 and s2 values for BD/CCE limits besides s1=1 and s2=0.
Proposal 6. 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 7. Down selection of the two alternatives for DCI size alignment 
· Alt 1: Align every fields in non-fallback DCI formats on P(S)Cell as the corresponding non-fallback DCI formats on sSCell that are used for sSCell to P(S)Cell scheduling
· Alt 2: Align total DCI size of non-fallback DCI formats on P(S)Cell as the corresponding non-fallback DCI formats on sSCell that are used for sSCell to P(S)Cell scheduling
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