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1 Introduction
This contribution discusses remaining aspects for cross-carrier scheduling (CCS) from an SCell to P(S)Cell. A discussion on UE features for support of DSS operation is provided in our companion Tdoc [1]. 
2 PDCCH monitoring
2.1 Type-A UE for DSS
The motivation for a Type-A UE is to have a UE implementation that would not require new PDCCH monitoring capabilities compared to Rel-16, or even Rel-15, and could allow for immediate DSS deployments with minor software change for a Rel-15/Rel-16 UE with cross-carrier scheduling capability to support scheduling on the P(S)Cell from an SCell. Two basic alternatives have been discussed. A first one (referred to as “possible approach 1” in [2]) is based on a restriction of a Type-B UE where USS sets will not be monitored on the P(S)Cell. However, it should be clear that such restriction makes no difference both for specifications (the ones for Type-B UE would be needed for PDCCH monitoring) and for UE implementation because it is irrelevant whether a search space on P(S)Cell can be initialized only by  (“possible approach 1”) or both by  and  (Type-B UE), and it is irrelevant whether bits in a PDSCH are ‘SIB/RAR/‘fallback_unicast’ or ‘plain_unicast’.
Observation 1: A UE that simultaneously monitors PDCCH for CSS sets on P(S)Cell and for USS sets on sSCell is a Type-B UE both from the perspective of PDCCH monitoring/specification and from the perspective of UE implementation requirements.
A second alternative is for a Type-A UE to not simultaneously monitor PDCCH on the P(S)Cell and the sSCell. Then, the issue is whether any specification is needed or whether that can be a UE feature/capability for a UE that supports DSS (i.e. supports scheduling from sSCell on P(S)Cell). An argument against allowing such UE to operate with DSS has been the impact on legacy operation for PDCCH monitoring according to non-Type3 CSS sets. However, there is no difference for initial access while in RRC_CONNECTED a configuration by BWP-DownlinkCommon can be used without any scheduling restriction either for SIB (SIB1 occurs per 20 msec, SIB x>1 occurs even less often), or for RAR (no issue in RRC_CONNECTED for a given UE and PDCCH MOs for Type1-PDCCH CSS sets can easily be a subset of the legacy ones), or for paging. The new BWP can even physically be the initial BWP. This operation involves only a BWP reconfiguration from the initial BWP that is supported by all UEs (e.g., to move away from the (small) initial BWP).
Another version of the second alternative (referred to as “possible approach 2” in [2]) was proposed in RAN1#106-e [3] and further discussed in RAN1#106bis-e [2] where a UE drops PDCCH monitoring on the sSCell in slots where the UE is configured to monitor PDCCH on the P(S)Cell. This is also acceptable as it achieves the same objective with trivial specification impact. 
It is further noted that both versions of the second alternative are fully flexible in terms of unicast scheduling, since that can occur from the P(S)Cell in slots where the sSCell is not applicable (there may not even be any as some slots on the sSCell will be UL ones). 
Another concern about the second alternative/approach was a potential divergence in PDCCH monitoring method between Type-A and Type-B UEs. It would be preferable that PDCCH monitoring for the two UE types is aligned as much as possible. That can be achieved as follows:
· Use a same definition for  and  for both Type-A and Type-B UEs by re-using the Rel-15/Rel-16 formulas. Note that the P(S)Cell is a scheduled cell for both the P(S)Cell and the sSCell in every slot, regardless of search space set configuration in each slot. In particular,  and do not vary per slot. 
· For the case , P(S)Cell is counted only once ( in the notation of agreement in RAN1#106bis-e) which is identical to Rel-16 procedure. 
· For the case , P(S)Cell can be counted once for each scheduling cell ( in the notation of agreement in RAN1#106bis-e) which is according to Rel-15/Rel-16. 
· The value of pdcch-BlindDetectionCA is according to the above counting procedure.
· In slots where the UE monitors PDCCH for P(S)Cell scheduling on only one of P(S)Cell and sSCell (but not both of them), the UE follows a same PDCCH monitoring requirement for both Type-A and Type-B UEs, and applies the Rel-15/Rel-16 requirements for the corresponding scheduling cell. This behavior can be considered as “Option D+E” based on [2]. That maintains a same number of PDCCH candidates / non-overlapping CCEs in all slots when , but may lead to a change in the number of PDCCH candidates / non-overlapping CCEs across different slots when . The latter is different from Rel-15/Rel-16 UE operation outcome, but does not require any change to UE procedures, implementation, or specifications. As in Rel-15/Rel-16, for both Type-A and Type-B UEs, there is no re-computation of limits on the number of PDCCH candidates / non-overlapping CCEs when, based on search space set configurations, a first scheduling cell is not active in a first slot and a second scheduling cell is not active in a second slot.
· The above unified UE behavior for a Type-B UE is also beneficial for a network since the UE will not be required to apply a reduced limit (by scaling factors  and ) for PDCCH monitoring on PCell and sSCell) in slots where the UE knows from higher layer configuration that only one scheduling cell is applicable. Such UE behavior is also beneficial for Type-B UEs even if no Type-A UE is eventually agreed.
· For a Type-B UE, and in slots where the UE monitors PDCCH for P(S)Cell scheduling on both P(S)Cell and sSCell, the UE follows the PDCCH candidate distribution method as agreed in RAN1#106bis-e and is further discussed in Section 2.2.
Observation 2: There is no per-slot change in  and . The P(S)Cell is a scheduled cell for both the P(S)Cell and the sSCell in every slot.
Observation 3: It is beneficial for both UE implementation and gNB scheduling to have a unified solution for PDCCH monitoring limits for both Type-A and Type-B UEs, which can follow Rel-15/Rel-16 requirements.
A Type-A UE as described in the second alternative above is simply a Rel-15/Rel-16 UE with the added capability for cross-carrier scheduling from sSCell to P(S)Cell (from the UE implementation perspective, there is no difference between P(S)Cell and other potential SCell(s) that are cross-carrier scheduled by the sSCell). If such as a Type-A UE is not agreeable in RAN1, it would be preferable to not have a Type-A UE defined in terms of functionality and UE features because there will be no benefit on the UE side, while there will be some benefit on the network side since a gNB will not need to handle two UE types.


Proposal 1: For a Type-A UE, adopt one of the following:
· Alt-A: Support UE capability to monitor PDCCH on only one of P(S)Cell and sSCell in a slot of the P(S)Cell.
· Alt-B: When a UE is configured to monitor PDCCH in a same slot of the P(S)Cell on P(S)Cell and sSCell, the UE monitors PDCCH only on P(S)Cell.
· Alt-C: Do not support a Type-A UE for DSS operation.

Proposal 2: If a Type-A UE is agreed, support unified PDCCH monitoring for Type-A and Type-B UEs:
· same definition for  and for 
· same requirement per Rel-15/Rel-16 (“Option D+E”) for PDCCH monitoring in slots where the UE monitors PDCCH for P(S)Cell scheduling on only one of P(S)Cell and sSCell.
Another aspect related to Type-A UEs is with respect to a potential UE capability referred to as “Alt-1” in a WA from RAN1#104-e as follows. 
	Agreements: (RAN1#103-e)
· Discuss in RAN1#104-e how to handle ‘DCI formats 0_1,1_1,0_2,1_2 scheduling PDSCH/PUSCH on PCell/PSCell’ from USS set(s), when CCS from sSCell to PCell/PSCell is configured. Below alternatives can be considered in the discussion (other alternatives are not precluded)
· Alt 1: UE cannot be configured to monitor DCI formats 0_1,1_1,0_2,1_2 on PCell/PSCell USS set(s), and can be configured to monitor them only on the sSCell USS set(s)
· …

Working Assumption (RAN1#104-e)
· When CCS from sSCell to PCell/PSCell is configured, UE can be configured to monitor DCI formats 0_1/1_1/0_2/1_2 that schedule PDSCH/PUSCH on PCell/PSCell on PCell/PSCell USS set(s), and/or on sSCell USS set(s)
· The WA to be confirmed after agreements are made on PDCCH BD/CCE handling and PDCCH overbooking handling for CCS from sSCell to PCell/PSCell
· Specs also allow UEs supporting functionality of only Alt-1. Capability signaling details, if any, can be handled during the UE capability discussion for Rel17
· FFS: Whether the UE can monitor PDCCH from both cells in the same slot.



Whether or not to confirm the WA, by also resolving the FFS, should be according to a definition of Type-A UEs, if any.

2.2 Type-B UE for DSS
PDCCH candidates/non-overlapping CCE limits
The following agreement was reached in RAN1#106bis-e for PDCCH monitoring limits of a Type-B UE for DSS operation with few FFS aspects remaining as highlighted below. 
	Agreement (RAN1 #106bis-e)
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
·   and  are based on RRC configuration
· FFS: additional constraints on s1 and s2 e.g., 1 ≤ s1+s2 ≤ 2 or s1 + s2  1
· Note:  is as in Rel16 
· 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.



A first issue is about values of (s1,s2) in the definition of  and  and the bracketed text for the PDCCH monitoring limit on sSCell: “[ or ]” which is also related to the selection of values of (s1,s2) as discussed next. The agreed values of s1=1 and s2=0 are well suited for same SCS between P(S)Cell and sSCell and are also in line with the per-scheduled-cell limit for PDCCH monitoring as in Rel-16, i.e., . For different SCS between P(S)Cell and sSCell, s1=1 and s2=1 is more appropriate because:
· The P(S)Cell is a scheduled cell for the sSCell as a scheduling cell - s2=0 does not reflect such operation;
· Using s2=0 cancels having  as a limit on the number of PDCCH candidates on the sSCell that are monitored for P(S)Cell scheduling. It would be an unnecessary exception in the specifications to define  as a new (non Rel-16) per-scheduled-cell limit. Using s2=1 keeps the Rel-16 per-scheduled-cell limit of . 
· Using s1=1 and s2=1 decreases  as the number of PDCCH candidates monitored on the P(S)Cell (and any other scheduling cell(s) with SCS configuration ) and increases  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 since the goal is to offload PDCCH from P(S)Cell to sSCell than to use s1=1 and s2=0 that keep same  and  as without DSS. It is noted that 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).
· Using s1=1 and s2=1 for different SCS between P(S)Cell and sSCell allows a same definition for  and for  between Type-A and Type-B UEs, as discussed in Section 2.1.
Proposal 3: For both Type-A and Type-B UEs, for counting P(S)Cell as a scheduled cell from the two scheduling cells P(S)Cell and sSCell support:
· s1=1 and s2=0 for same SCS configuration for the P(S)Cell and the sSCell (already agreed); 
· s1=1 and s2=1 for different SCS configurations for the P(S)Cell and the sSCell. 
Keep the Rel-16 per-scheduled-cell limit of .
Another remaining issue is about using same or separate scaling factors (corresponding to ) for distributing PDCCH candidates vs. non-overlapping CCEs between P(S)Cell and sSCell. Although separate scaling factors provide flexibility for network configuration and scheduling, using a same scaling factor is simpler for the UE implementation and the specifications. The scaling factor can have sufficient granularity such as [1/6 or 1/8] to provide corresponding sufficient flexibility for distributing non-overlapping CCEs between P(S)Cell and sSCell.   
Proposal 4: Apply the same scaling factor (corresponding to ) for distribution of both PDCCH candidates and non-overlapping CCEs between P(S)Cell and sSCell.
Another remaining issue is whether to consider span-based PDCCH monitoring for a UE that supports DSS operation for the bracketed text in the previous RAN1 agreement: “[and at least when UE is not provided monitoringCapabilityConfig for any cell]”. There is no reason to support span-based PDCCH monitoring for P(S)Cell and sSCell as the two scheduling cells for P(S)Cell, because DSS with LTE-NR coexistence is not geared towards URLLC services and joint DSS/URLLC is not an objectives of the DSS WI. However, this should not preclude URLLC operation on other serving cells in different carriers/bands as that has no impact on DSS operation or specification and is Rel-16 operation. 
Proposal 5: For a UE configured for CCS from sSCell to P(S)Cell, the UE does not expect to be provided monitoringCapabilityConfig = r16monitoringcapability for P(S)Cell and sSCell, but can be provided monitoringCapabilityConfig = r16monitoringcapability for other serving cells.
A last remaining issue for Type-B UEs is an FFS from RAN1#106-e regarding handling of multi-TRP operation. Rel-16 supports two flavors of single-DCI and multi-DCI for multi-TRP operation, and provides PDCCH monitoring limits for the case of self-carrier scheduling for both multi-TRP flavors. However, since PDCCH monitoring limits for the case of cross-carrier scheduling are not specified (at least for the case of multi-DCI multi-TRP, cross-carrier scheduling is not supported), Rel-17 DSS can disregard the multi-TRP case. Similar to above discussion on span-based PDCCH monitoring, it is still possible to support multi-TRP operation for serving cells other than P(S)Cell and sSCell.
Proposal 6: For a UE configured for CCS from sSCell to P(S)Cell, the UE does not expect to support multi-TRP operation on P(S)Cell and sSCell, but can support multi-TRP operation on other serving cells.

3 sSCell activation/deactivation 
The agreement from RAN1#105-e includes “For Type A and/or Type B UE FFS: switching to ‘normal’ PDCCH monitoring on P(S)Cell when sSCell is deactivated.” When the intention of sSCell deactivation is to not have a new sSCell but to switch to non-DSS operation for scheduling on the P(S)Cell, no new UE procedure is needed other than a re-calculation by the UE of BDs/CCEs for the P(S)Cell as a scheduling cell to go back to the Rel-16 determination. Further, either for a Type-B UE or for a Type-A UE that is based on not monitoring PDCCH in a same slot on both the P(S)Cell and the sSCell, PDCCH monitoring on P(S)Cell is already “normal”.
Proposal 7: When the sSCell is deactivated, the UE falls-back to operating with the Rel-16, single-scheduling cell, PDCCH monitoring limits for the P(S)Cell.
In previous meetings there were proposals to support for sSCell deactivation (or dormancy) to trigger additional PDCCH monitoring candidates/DCI formats on P(S)Cell and potentially additional search space sets that are not monitored on the P(S)Cell when the sSCell is activated. Such functionality is unnecessary as deactivation of the sSCell implies low scheduling activity for the UE and RRC reconfiguration is easily sufficient. In addition, at least for Type-B UEs, it may be possible to use search space set group (SSSG) switching.
4 Miscellaneous
The following WA was adopted in the previous meeting concerning CIF bits for self-scheduling on P(S)Cell. 
	Working Assumption (RAN1#106bis-e)
· 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



We support to confirm this WA. Since the DCI formats used on the sSCell to schedule the P(S)Cell will include a CIF, the DCI formats used on the P(S)Cell to schedule the P(S)Cell should also include a CIF in order to avoid exceeding the DCI size limit for the P(S)Cell. As there is no practical case where the DCI size budget limit will not be exceeded when CIF is included on the sSCell and is not included on the P(S)Cell, adding a same number of CIF bits for the DCI formats on the P(S)Cell as on the sSCell is simpler and preferable to introducing more steps to the DCI size alignment procedure in TS 38.212. 
Proposal 8: Confirm the WA from RAN1#106bis-e so that, for DSS, DCI formats on the P(S)Cell for the P(S)Cell scheduling include a same number of CIF bits as corresponding DCI formats on the sSCell for P(S)Cell scheduling.
A conclusion was reached in the previous RAN1 meeting to support unaligned CA operation at least for SCells others than the sSCell. It was left as “FFS: Whether case when sSCell is configured with non-zero ca-SlotOffset is supported and any associated capability signaling.” The UE does not expect unaligned CA for the sSCell since DSS-UE behavior depends on overlap or no-overlap of PDCCH monitoring occasions between P(S)Cell and sSCell for P(S)Cell scheduling, and therefore sSCell needs to be aligned with P(S)Cell. 
Proposal 9: A DSS-capable UE does not expect unaligned CA for the sSCell.
Regarding search space linking procedure, RAN1#106-e agreed to re-use the Rel-16 linking procedure at least for the number of PDCCH monitoring candidates, and RAN1#106bis-e concluded 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. 
Proposal 10: RAN1 to conclude that Rel-16 procedure for search space linking is fully re-used for DSS.
5 RRC parameters 
As agreed in the previous meeting, the scaling factor  for distribution of PDCCH candidates and non-overlapping CCEs between P(S)Cell and sSCell for a Type-B UE is provided by RRC configuration. As discussed in Section 2.2, the scaling factor  can have values with a granularity of [1/6 or 1/8].
Proposal 11: An RRC parameter is defined for the scaling factor  for PDCCH monitoring limits of Type-B UEs with a granularity of [1/6 or 1/8] – 3 bits are enough.
6 Conclusions
This contribution considered remaining aspects for cross-carrier scheduling on P(S)Cell and proposes the following.
Proposals 
Proposal 1: For a Type-A UE, adopt one of the following:
· Alt-A: Support UE capability to monitor PDCCH on only one of P(S)Cell and sSCell in a slot of the P(S)Cell.
· Alt-B: When a UE is configured to monitor PDCCH in a same slot of the P(S)Cell on P(S)Cell and sSCell, the UE monitors PDCCH only on P(S)Cell.
· Alt-C: Do not support a Type-A UE for DSS operation.
Proposal 2: If a Type-A UE is agreed, support unified PDCCH monitoring for Type-A and Type-B UEs:
· same definition for  and for 
· same requirement per Rel-15/Rel-16 (“Option D+E”) for PDCCH monitoring in slots where the UE monitors PDCCH for P(S)Cell scheduling on only one of P(S)Cell and sSCell.
Proposal 3: For both Type-A and Type-B UEs, for counting P(S)Cell as a scheduled cell from the two scheduling cells P(S)Cell and sSCell support:
· s1=1 and s2=0 for same SCS configuration for the P(S)Cell and the sSCell (already agreed); 
· s1=1 and s2=1 for different SCS configurations for the P(S)Cell and the sSCell. 
Keep the Rel-16 per-scheduled-cell limit of .
Proposal 4: Apply the same scaling factor (corresponding to ) for distribution of both PDCCH candidates and non-overlapping CCEs between P(S)Cell and sSCell.
Proposal 5: For a UE configured for CCS from sSCell to P(S)Cell, the UE does not expect to be provided monitoringCapabilityConfig = r16monitoringcapability for P(S)Cell and sSCell, but can be provided monitoringCapabilityConfig = r16monitoringcapability for other serving cells.
Proposal 6: For a UE configured for CCS from sSCell to P(S)Cell, the UE does not expect to support multi-TRP operation on P(S)Cell and sSCell, but can support multi-TRP operation on other serving cells.
Proposal 7: When the sSCell is deactivated, the UE falls-back to operating with the Rel-16, single-scheduling cell, PDCCH monitoring limits for the P(S)Cell.
Proposal 8: Confirm the WA from RAN1#106bis-e so that, for DSS, DCI formats on the P(S)Cell for the P(S)Cell scheduling include a same number of CIF bits as corresponding DCI formats on the sSCell for P(S)Cell scheduling. 
Proposal 9: A DSS-capable UE does not expect unaligned CA for the sSCell.
Proposal 10: RAN1 to conclude that Rel-16 procedure for search space linking is fully re-used for DSS.
Proposal 11: An RRC parameter is defined for the scaling factor  for PDCCH monitoring limits of Type-B UEs with a granularity of [1/6 or 1/8] – 3 bits are enough.

In addition, the following observations are made.
Observations 
Observation 1: A UE that simultaneously monitors PDCCH for CSS sets on P(S)Cell and for USS sets on sSCell is a Type-B UE both from the perspective of PDCCH monitoring/specification and from the perspective of UE implementation requirements.
Observation 2: There is no per-slot change in  and . The P(S)Cell is a scheduled cell for both the P(S)Cell and the sSCell in every slot.
Observation 3: It is beneficial for both UE implementation and gNB scheduling to have a unified solution for PDCCH monitoring limits for both Type-A and Type-B UEs, which can follow Rel-15/Rel-16 requirements.
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