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Introduction
[bookmark: _Ref129681832]In RAN#86 meeting, a new WID on NR dynamic spectrum sharing was approved for Release 17 [1], where RAN1 agreed to study solutions to improve the scheduling capacity for NR UEs on the shared carriers: 
	This work item is limited to FR1, and includes the following objectives for NR Dynamic Spectrum Sharing (DSS):
· PDCCH enhancements for cross-carrier scheduling including [RAN1, RAN2]
· PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell
· Study, and if agreed specify PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI
· The number of cells can be scheduled at once is limited to 2
· The increase in DCI size should be minimized
· Note: The total PDCCH blind decoding budget should not be changed as a result of this work
· Note: These enhancements are not specific to DSS and are generally applicable to cross-carrier scheduling in carrier aggregation



In this contribution, specification impact and relevant issues when defining P(S)Cell as scheduled cell are discussed. 
Discussion 
Analysis for offloading PCell PDCCH to SCell PDCCH
It is described in TS38.213 that a UE monitors PDCCH candidates in one or more of the following search spaces sets
-	a Type0-PDCCH CSS set configured by pdcch-ConfigSIB1 in MIB or by searchSpaceSIB1 in PDCCH-ConfigCommon or by searchSpaceZero in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on the primary cell of the MCG
-	a Type0A-PDCCH CSS set configured by searchSpaceOtherSystemInformation in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on the primary cell of the MCG
-	a Type1-PDCCH CSS set configured by ra-SearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a RA-RNTI, a MsgB-RNTI, or a TC-RNTI on the primary cell
-	a Type2-PDCCH CSS set configured by pagingSearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a P-RNTI on the primary cell of the MCG
-	a Type3-PDCCH CSS set configured by SearchSpace in PDCCH-Config with searchSpaceType = common for DCI formats with CRC scrambled by INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, CI-RNTI, or PS-RNTI and, only for the primary cell, C-RNTI, MCS-C-RNTI, or CS-RNTI(s), and
-	a USS set configured by SearchSpace in PDCCH-Config with searchSpaceType = ue-Specific for DCI formats with CRC scrambled by C-RNTI, MCS-C-RNTI, SP-CSI-RNTI, CS-RNTI(s), SL-RNTI, SL-CS-RNTI, or SL-L-CS-RNTI.
The PCell PDCCH offloading possibility of different SS sets should be discussed:
· Type0-PDCCH CSS set, Type0A-PDCCH CSS set, Type1-PDCCH CSS set and/or Type2-PDCCH CSS set is configured in a PCell for cell-specific information transmission. It is not reasonable to use SCell PDCCH to schedule the PCell cell-specific information transmission, since the PCell PDCCHs for scheduling cell-specific information transmission should still be transmitted for the legacy UEs so that the PCell PDCCH in these CSS sets can’t be offloaded. These CSS set can remain on PCell.
· Type3-PDCCH CSS set can be configured in both in a PCell and a SCell. According to the PDCCH loads of a PCell and a SCell, gNB can select the preferred cell to configure Type3-PDCCH CSS set and the RNTIs needs to be monitored. Thus, there is no need to change this either.
· According to the current specification, USS set for scheduling PCell can only be configured in PCell itself. If the USS set can be configured in SCell for scheduling PDSCH or PUSCH on PCell, the PCell PDCCH can be offloaded to SCell PDCCH. This fits the motivation of mitigating the NR PDCCH impact on DSS carrier by moving (at least some of) the NR PDCCH out of the DSS carrier. However, according to the discussion above, the CSS sets for scheduling cell-specific information transmission still need to be configured in PCell for legacy UEs, which means there will be anyway two carriers used for scheduling the PCell. If the USS can be only configured in SCell in this case, there may be benefits for UE power saving; if the USS can be configured on both PCell and SCell, more scheduling opportunity can be available at the cost of UE power saving.  From network flexibility point of view, it may be beneficial to allow the latter as one configuration option, which can be turned ON/OFF based on e.g. UE capability and network configuration. 
Proposal 1: When a PCell is cross-carrier scheduled by a SCell, Type0-PDCCH CSS set, Type0A-PDCCH CSS set, Type1-PDCCH CSS set and Type2-PDCCH CSS set can only be configured in PCell, Type3-PDCCH CSS set can be configured in PCell and SCell, USS set can be configured in PCell and/or SCell.

Impact on specification
As explained above, when a PCell can be cross-carrier scheduled by a SCell, there may be the possibility that two cells are configured to be able to schedule one cell. The specification impact on UE procedure for receiving control information need to be discussed. In the following subsections, we investigate the main specification impacts on BD/CCE capability and the PDCCHs restricted to be only transmitted in PCell in current specification. 
Impact on BD/CCE capability
In an active BWP of a serving cell, a UE is expected to monitor PDCCH candidates based on BD/CCE capability. The corresponding procedures are:
· Determining the BD/CCE capability of a UE, where the BD/CCE capability corresponds to a number of downlink cells where the number of DL cells is determined according to UE capability, number of configured serving cells and the UE reported R for multi-TRP operation. 
· Distributing of BD/CCE capability among serving cells, depending on whether the concerned cell is PCell or not, with multi-TPR or not and/or the SCS configurations of the serving cells. 
· Dropping the PDCCH candidates according to the dropping rules to meet the corresponding numbers of BD/CCE that the UE is capable of monitoring when overbooking happens. 
As can be seen, the BD/CCE capability is related to the number of sources that PDCCH can be transmitted from. In the case that PCell is scheduled by PDCCHs on both PCell and SCell, the effect on the BD/CCE capability distribution is similar to the case of serving cells with multi-TRP operation. The difference is that the SCSs of two TRPs of a serving cell are always same, while the SCSs of PCell and SCell can be same or different.
[bookmark: _Hlk23024772]Therefore, when the SCSs of PCell and SCell are same, the mechanism to determine the number of downlink cells corresponding to BD/CCE capability of a UE or distribute of BD/CCE capability in the downlink cells of the UE in multiple TRPs can be reused. When the SCSs of PCell and SCell are different, since the BD/CCE capability is distributed to the group of scheduling cell(s) with same SCS, PCell and SCell should be configured with separate BDFactorR values. 
Proposal 2: When PDSCH or PUSCH on a PCell can be scheduled by PDCCH of SCell and the PCell, the mechanism used in multi-TRP operation for BD/CCE capability determination can be reused.

It is necessary to apply overbooking when CSS exists. It is expected that CSS is sparse in time while USS is denser. To ensure the number of BD/CCE is enough both in the slot or span that CSS and USS occur and in the slot or span that only USS occurs, it is reasonable to allow gNB to overbook PDCCH candidates. When overbooking happens, UE will drop some PDCCH candidates according to the dropping rules to meet the corresponding numbers that the UE is capable of monitoring.
When PCell can be scheduled by SCell and the PCell, since most of the CSS sets except for Type3 CSS set can only be configured in PCell, overbooking is not expected to PDCCHs on the cells other than PCell to avoid extra UE complexity, and the current dropping rules may be kept when overbooking applies, to avoid UE complexity and also specification impact. 
Proposal 3: When PDSCH or PUSCH on a PCell can be scheduled by PDCCH of SCell and the PCell, only PCell PDCCH can be overbooked.

Impact on PDCCHs restricted to be only transmitted in PCell 
In current specification, some PDCCHs used in special purposes are restricted to be only transmitted in PCell, including: 
· DCI format 2_6 in Type3-PDCCH CSS set can only be configured to be monitored on the PCell when a UE is configured with DRX mode operation.
· In link recovery procedure, a SS set provided by recoverySearchSpaceId can only be configured in PCell for PDCCH monitoring when beam failure happens. 
· With scheduling information, the SCell dormancy indication field is only present in a DCI format 0_1/1_1 when the DCI format is carried by PDCCH on the PCell within DRX Active Time and the UE is configured with at least two DL BWPs for an SCell. 
· Without scheduling information, DCI format 1_1 indicating SCell dormancy can only be carried by PDCCH on the PCell within DRX Active Time and the UE is configured with at least two DL BWPs for an SCell. 
When PCell can be scheduled by SCell and the PCell, and the coverage of the SCell is good enough, the PDCCHs restricted to be only transmitted in PCell in current specification may also be transmitted in the SCell.
Proposal 4: When PDSCH or PUSCH on a PCell can be scheduled by PDCCH of SCell and the PCell, the PDCCHs restricted to be only transmitted in PCell for the following purposes in current specification could also be transmitted in the SCell: 
-	DCI format 2_6 in Type3-PDCCH CSS set
-	PDCCH in SS set provided by recoverySearchSpaceId
-	DCI format 0_1/1_1 with the SCell dormancy indication field and scheduling information
-	DCI format 1_1 indicating SCell dormancy without scheduling information
PSCell cross-carrier scheduled by a SCell
We analyzed offloading PCell PDCCH to SCell PDCCH and discussed Impact on specification. In DC operation, PSCell in SCG has the similar status as PCell in MCG. The analysis and discussion above are also applicable to a PSCell of the SCG cross-carrier scheduled by a SCell within the SCG. 

Conclusion
According to the above discussions, we have the following proposals:
Proposal 1: When a PCell is cross-carrier scheduled by a SCell, Type0-PDCCH CSS set, Type0A-PDCCH CSS set, Type1-PDCCH CSS set and Type2-PDCCH CSS set can only be configured in PCell, Type3-PDCCH CSS set can be configured in PCell and SCell, USS set can be configured in PCell and/or SCell.
Proposal 2: When PDSCH or PUSCH on a PCell can be scheduled by PDCCH of SCell and the PCell, the mechanism used in multi-TRP operation for BD/CCE capability determination can be reused.
Proposal 3: When PDSCH or PUSCH on a PCell can be scheduled by PDCCH of SCell and the PCell, only PCell PDCCH can be overbooked.
Proposal 4: When PDSCH or PUSCH on a PCell can be scheduled by PDCCH of SCell and the PCell, the PDCCHs restricted to be only transmitted in PCell for the following purposes in current specification could also be transmitted in the SCell: 
-	DCI format 2_6 in Type3-PDCCH CSS set
-	PDCCH in SS set provided by recoverySearchSpaceId
-	DCI format 0_1/1_1 with the SCell dormancy indication field and scheduling information
-	DCI format 1_1 indicating SCell dormancy without scheduling information
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