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1 Introduction
This contribution considers remaining aspects of cross-carrier scheduling (CCS) from an SCell to P(S)Cell. Discussion on UE features for support of DSS operation is provided in our companion Tdoc [1]. 
2 RRC parameters 
The following agreements were made in RAN1#107-e regarding RRC configuration of the scaling factor  for distribution of PDCCH candidates and non-overlapping CCEs between P(S)Cell and sSCell for DSS-capable UEs. 
	Agreement
· Following updates are made in v03 compared to v02 (submitted in R1-2110665[1]), 
· Added new row to capture RRC details for parameter  agreed for Option A BD/CCE handling.
Agreement
· For Option A BD/CCE limit handling agreed in RAN1#106bis-e
· Value of parameter  for BD limit handling is configured via RRC from a set of
·  8 possible values  
Agreement
· For Option A BD/CCE limit handling agreed in RAN1#106bis-e
· For CCE limit handling (i.e., scaling of maximum number of non-overlapping CCEs)
· same parameter  agreed for BD limit handling is used
Agreement
· BD/CCE limits for Type B UEs are applicable for Type A UEs supporting cross-carrier scheduling from sSCell to P(S)Cell


Per above agreements, up to 8 values can be configured for the scaling factor . Regarding the value set for the RRC parameter, the scaling factor  can have values with a granularity of [1/6 or 1/8]. For example, the value range can be  and keep one reserved value. Note that  is not applicable, since a DSS UE continues to monitor PDCCH for non-Type3 CSS sets on the P(S)Cell and  is not meaningful since such configuration essentially disables DSS. 
Proposal 1: The RRC parameter for the scaling factor  has a value range  with one reserved value.

2.1 (s1, s2) values for PDCCH monitoring
In order to determine  and  for the purpose of calculating , , , and , RAN1 has agreed to count the P(S)Cell self-scheduling as s1=1 cell and count the PCell when cross-carrier scheduled by the sSCell as s2=0 cell and it remains FFS whether/how other (s1, s2) combinations can be supported. 
	Agreement (RAN1 #107-e)
If no additional set of (s1, s2) is introduced, 
· For Option A BD/CCE limit handling and (s1=1, s2=0) agreed in RAN1#106bis-e,
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· UE is not required to monitor more than  PDCCH BD candidates per sSCell slot


Several (s1, s2) combinations were proposed in RAN1#107-e. The following aspects can be considered for selection of the (s1, s2) combinations:
· s2 > 0  Such selection reflects the fact that sSCell is a scheduling cell for the P(S)Cell, which is not implied by s2 = 0. Accordingly, s2 > 0 keeps the Rel-16 per-scheduled-cell limit of , unlike s2 = 0 which has canceled  as a limit on the number of PDCCH candidates on the sSCell that are monitored for P(S)Cell scheduling. 
· s1 + s2 = 1  Such combinations, for example (s1 = 0.5, s2 = 0.5) or (s1 = , s2 = ), offer PDCCH offloading as described in the following for the case of s1 + s2 > 1. In addition, they retain the overall P(S)Cell count as a single scheduled cell across all scheduling cells, and therefore there will be no change to BD/CCE allocation for scheduling cells with SCS configuration different from  and , if any. The drawback with such (s1, s2) combinations is that the total number of PDCCH candidates that the UE monitors across all scheduling cells will be smaller than the case of no DSS, or equivalently (s1 = 1, s2 = 0), which is not consistent with the WID and can have negative impact on system operation.
· s1 + s2 > 1  Such combinations, for example (s1 = 1, s2 = 1), enable offloading PDCCH from P(S)Cell to sSCell by decreasing  as the number of PDCCH candidates monitored on the P(S)Cell (and any other scheduling cell(s) with SCS configuration ) and increasing  as the number of PDCCH candidates monitored on the sSCell (and any other scheduling cell(s) with SCS configuration ). That is a better choice for DSS compared to (s1 = 1, s2 = 0) that keeps same  and  as without DSS. In addition, the total number of PDCCH candidates that the UE monitors across all scheduling cells remains same as for Rel-16 (in line with the WID). It is noted that there can be an impact in case that some scheduling cells have SCS configuration other than  and , if any, but the network can decide to use this combination as appropriate. Therefore, these combinations appear to be the most suitable ones.    
Since (s1 = 1, s2 = 0) is already included in the specifications, support for an additional combination such as (s1 = 1, s2 = 1) would require RRC signaling to select one (s1, s2) combination out of the two supported combinations. However, there is no need for a new UE capability to support the additional (s1, s2) combination. For example, there is no need for the UE to report pdcch-BlindDetectionCA or other related UE capabilities each time it receives a CA (re-)configuration; the same holds for (s1 = 1, s2 = 1) in the case of DSS.
Proposal 2: For counting the P(S)Cell as a scheduled cell from the two scheduling cells (P(S)Cell and sSCell), support RRC configuration for selection of one (s1, s2) from (1, 0) and (1, 1).

2.2 SCS for PDCCH monitoring
In current specification, the BD/CCE limits for P(S)Cell scheduling are based on a reference SCS, that is, the SCS configuration  of the P(S)Cell and that is limiting for the allocation of PDCCH candidates. The SCS configurations of both the P(S)Cell and the sSCell can be considered and, in a direct extension of considering only the SCS configuration  of the P(S)Cell, the condition can be that a UE is not required to monitor, for scheduling on the P(S)Cell, more than  PDCCH candidates per reference slot on the active DL BWP of the P(S)Cell, and more than  PDCCH candidates per reference slot on the active DL BWP of the sSCell where the reference slot is a slot of P(S)Cell (similar for the CCE limits). That would improve scheduling flexibility when the P(S)Cell and the sSCell have different SCS and can provide forward compatibility, for example, for extension to span-based monitoring, such as when the P(S)Cell and the sSCell have different monitoringCapabilityConfig (i.e., PDCCH monitoring on one scheduling cell is slot-based, and on the other scheduling cell is span-based).
Support would require a new RRC parameter for the scaling factor . 
Proposal 3: Determine the maximum number of PDCCH candidates/non-overlapping CCEs for scheduling the P(S)Cell based on the SCSs of both scheduling cells where the maximum number of PDCCH candidates on the P(S)Cell and on the sSCell is  and , respectively (similar for non-overlapping CCEs).
· The scaling factor  is configured by RRC. When  is configured, the UE determines the maximum number of PDCCH candidates for P(S)Cell scheduling on the P(S)Cell and on the sSCell as  and , respectively (similar for non-overlapping CCEs).
3 sSCell deactivation/dormancy 
A remaining issue for CCS from sSCell to P(S)Cell is how to handle PDCCH monitoring limits for P(S)Cell scheduling in the case of sSCell deactivation or dormancy. It is clear that retaining the RRC-configured split of PDCCH candidates between P(S)Cell and sSCell in the case of sSCell deactivation/dormancy is detrimental to P(S)Cell scheduling (the result would be worse than no DSS configuration). It is trivial that the UE falls back to single-cell scheduling operation for PDCCH monitoring. 
For PUCCH cell switching in the eURLLC WI, there has been a related agreement for the case that the PUCCH-sSCell is deactivated or goes to dormancy. The UE behavior can align across related features. 
	Agreement (RAN1 #107-e)
For semi-static PUCCH cell switching, if the alternative PUCCH cell (i.e. PUCCH sCell) is deactivated or the alternative PUCCH Cell is dormant, the UE does not apply time-domain pattern and the UCI is to be transmitted on PCell / SPCell / PUCCH SCell.


Proposal 4: When the sSCell is deactivated/dormant, the UE falls-back to operating with the Rel-16, single-scheduling cell, PDCCH monitoring limits for the P(S)Cell.
A follow-up issue is whether any clarification is needed for the timeline to support Proposal 3. The RAN1 specifications TS 38.213 [3] already provides timeline in Clauses 4.3 and 12 for UE operations in the case of SCell activation/deactivation and SCell dormancy, respectively. For both cases, minimum requirements are based on those adopted in RAN4 [TS 38.133]. 
	4.3	Timing for secondary cell activation / deactivation
With reference to slots for PUCCH transmissions, when a UE receives in a PDSCH an activation command [11, TS 38.321] for a secondary cell ending in slot n, the UE applies the corresponding actions in [11, TS 38.321] no later than the minimum requirement defined in [10, TS 38.133] and no earlier than slot [image: ], except for the following:
-	the actions related to CSI reporting on a serving cell that is active in slot [image: ]
-	the actions related to the sCellDeactivationTimer associated with the secondary cell [11, TS 38.321] that the UE applies in slot [image: ]
-	the actions related to CSI reporting on a serving cell which is not active in slot [image: ]that the UE applies in the earliest slot after [image: ] in which the serving cell is active.
The value of [image: ] is  where slot n+m is a slot indicated for PUCCH transmission with HARQ-ACK information for the PDSCH reception as described in clause 9.2.3 and [image: ] is a number of slots per subframe for the SCS configuration [image: ] of the PUCCH transmission as defined in [4, TS 38.211].
With reference to slots for PUCCH transmissions, if a UE receives a deactivation command [11, TS 38.321] for a secondary cell ending in slot [image: ], the UE applies the corresponding actions in [11, TS 38.321] no later than the minimum requirement defined in [10, TS 38.133], except for the actions related to CSI reporting on an activated serving cell which the UE applies in slot [image: ]. 
If the sCellDeactivationTimer associated with the secondary cell expires in slot [image: ], the UE applies the corresponding actions in [11, TS 38.321] no later than the minimum requirement defined in [10, TS 38.133], except for the actions related to CSI reporting on an activated serving cell which the UE applies in the first slot that is after slot [image: ] where [image: ] is the SCS configuration for PDSCH reception on the secondary cell.



	If a UE detects a DCI format with SCell dormancy indication that indicates an active DL BWP change for an Scell in slot n of primary cell, the UE is not required to receive or transmit in the SCell during a time duration specified in [10, TS 38.133].


Overall, existing RAN1/4 timelines can be re-used for the DSS-fallback operation. 
Proposal 5: For sSCell deactivation/dormancy, the UE follows existing timelines in RAN1/4 to support the “DSS fallback to single scheduling cell”.
Although sSCell deactivation or dormancy can temporarily suspend/disable DSS operation (that is, no CCS from SCell to P(S)Cell), that may not always be feasible. For example, the UE may need to operate sSCell for transmission/reception in the corresponding frequency band/carrier or for CCS other SCell(s), but may not need high PDCCH capacity for PCell scheduling, for example, due to varying overall traffic requirements on the PCell and the sSCell such as for operation with LTE-NR coexistence. Therefore, dynamic activation/deactivation of DSS operation can be beneficial to adjust to short term traffic variations. Dynamic activation/deactivation of DSS operation can be by a field in a DCI format that schedules the P(S)Cell and reserved CIF bits can be utilized instead of being wasted.
Proposal 6: Re-use reserved CIF bits in a DCI format for P(S)Cell scheduling to enable dynamic activation/deactivation of CCS from sSCell to P(S)Cell.
4 DCI size alignment 
The following agreement was reached in RAN1#107-e regarding CIF bits in a DCI format for self-scheduling on P(S)Cell.
	Agreement
Confirm the WA from RAN1#106bis-e with addition of below Note (shown in blue)
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 
· Note: per RAN1#102-e agreement, when sSCell to P(S)Cell scheduling is configured for the UE, cross-carrier scheduling from P(S)Cell to another cell is not allowed. The CIF bits included in non-fallback DCI formats on P(S)Cell are considered reserved.



In addition to CIF, other DCI fields were mentioned (such as SCell dormancy Indication, TCI, or zero-padding) that may result in a mis-aligned DCI format size between P(S)Cell self-scheduling and sSCell cross-carrier scheduling the P(S)Cell. Instead of a separate case-by-case discussion of individual DCI fields, it is simpler to just add whatever number of bits is needed at the end of the smaller DCI format – same as for the padding procedure in TS 38.212 but without having to introduce complicated rules. If a DCI format on the P(S)Cell for self-scheduling the P(S)Cell includes X bits and the corresponding DCI format on the sSCell for cross-carrier scheduling the P(S)Cell includes Y bits, |X-Y| bits are padded to the DCI format with the smaller size. There is no impact to any DCI format related operation. 
Proposal 7: If a DCI format on the P(S)Cell for self-scheduling the P(S)Cell includes X bits and the corresponding DCI format on the sSCell for cross-carrier scheduling the P(S)Cell includes Y bits, |X-Y| bits are padded to the DCI format with the smaller size.
5 Clarification on SS linking for DSS
For the search space linking procedure, it was agreed in RAN1#106-e to re-use the Rel-16 linking procedure at least for the number of PDCCH monitoring candidates, and it was concluded in RAN1#106bis-e to further re-use the existing procedure for monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, duration for the PDCCH monitoring candidates on sSCell for P(S)Cell scheduling. RAN1 can conclude that the existing search space set linking procedure is fully re-used for DSS operation, that is, also for the remaining search space set parameters: controlResourceSetId and searchSpaceType. 
An issue was raised in RAN1#106-e [2] regarding distinction of search space sets on P(S)Cell for self-scheduling from search space sets on PCell that linked to sSCell for cross-carrier scheduling the P(S)Cell. The following excerpts from TS 38.331 define the search space linking procedure. 
	–	SearchSpace
The IE SearchSpace defines how/where to search for PDCCH candidates. Each search space is associated with one ControlResourceSet. For a scheduled cell in the case of cross carrier scheduling, except for nrofCandidates, all the optional fields are absent (regardless of their presence conditions).
…
searchSpaceId
Identity of the search space. SearchSpaceId = 0 identifies the searchSpaceZero configured via PBCH (MIB) or ServingCellConfigCommon and may hence not be used in the SearchSpace IE. The searchSpaceId is unique among the BWPs of a Serving Cell. In case of cross carrier scheduling, search spaces with the same searchSpaceId in scheduled cell and scheduling cell are linked to each other. The UE applies the search space for the scheduled cell only if the DL BWPs in which the linked search spaces are configured in scheduling cell and scheduled cell are both active.




For DSS operation, the UE determines that a search space set on P(S)Cell is:
· for self-scheduling on PCell when the search space set includes full configuration, and 
· for CCS from sSCell to P(S)Cell when the search space set includes only searchSpaceId and nrofCandidates, and is “linked” to a search space set on the sSCell (i.e., has a same searchSpaceId as a search space set on the sSCell with full configuration).
It is up to the gNB to ensure that linked search space sets for DSS are suitably configured according to Rel-16 linkage framework, such as to ensure that a search space set for self-scheduling on the P(S)Cell has a different searchSpaceId from any “linked” search space set on the sSCell for CCS the P(S)Cell, or to ensure that “linked” search space sets on the P(S)Cell for CCS scheduling from sSCell do not include any parameters except for searchSpaceId and nrofCandidates. Therefore, Rel-16 rules can remain applicable and no new procedure or enhancement is necessary. 
Proposal 8: RAN1 to conclude that Rel-16 procedure for search space linking is fully re-used for DSS.
6 Conclusions
This contribution considered remaining aspects of cross-carrier scheduling on P(S)Cell and proposes the following.
Proposal 1: The RRC parameter for the scaling factor  has a value range  with one reserved value.
Proposal 2: For counting the P(S)Cell as a scheduled cell from the two scheduling cells (P(S)Cell and sSCell), support RRC configuration for selection of one (s1, s2) from (1, 0) and (1, 1).
Proposal 3: Determine the maximum number of PDCCH candidates/non-overlapping CCEs for scheduling the P(S)Cell based on the SCSs of both scheduling cells where the maximum number of PDCCH candidates on the P(S)Cell and on the sSCell is  and , respectively (similar for non-overlapping CCEs).
· The scaling factor  is configured by RRC. When  is configured, the UE determines the maximum number of PDCCH candidates for P(S)Cell scheduling on the P(S)Cell and on the sSCell as  and , respectively (similar for non-overlapping CCEs).
Proposal 4: When the sSCell is deactivated/dormant, the UE falls-back to operating with the Rel-16, single-scheduling cell, PDCCH monitoring limits for the P(S)Cell.
Proposal 5: For sSCell deactivation/dormancy, the UE follows existing timelines in RAN1/4 to support the “DSS fallback to single scheduling cell”.
Proposal 6: Re-use reserved CIF bits in a DCI format for P(S)Cell scheduling to enable dynamic activation/deactivation of CCS from sSCell to P(S)Cell.
Proposal 7: If a DCI format on the P(S)Cell for self-scheduling the P(S)Cell includes X bits and the corresponding DCI format on the sSCell for cross-carrier scheduling the P(S)Cell includes Y bits, |X-Y| bits are padded to the DCI format with the smaller size.
Proposal 8: RAN1 to conclude that Rel-16 procedure for search space linking is fully re-used for DSS.
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