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1 Introduction
This contribution discusses the aspects for cross-carrier scheduling from SCell to PCell focusing on the identified issues in previous RAN1 meeting. As per RAN1#103-e conclusion, the SCell configured with CCS to PCell/PSCell is referred to as ‘sSCell’
2 PDCCH monitoring and DCI formats
1 
2 
3 
Non-fallback DCI formats
As for non-fallback DCI formats, e.g., DCI formats 0_1/1_1/0_2/1_2, several alternatives have been identified for further discussion as following:
	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)
· Alt 2: UE can be configured to monitor DCI formats 0_1/1_1/0_2/1_2 on PCell/PSCell USS set(s), and/or on sSCell USS set(s). The PDCCH monitoring is based on following alternatives (other alternatives are not precluded)
· Alt 2-1: 
· UE can monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS sets simultaneously
· Alt 2-2: 
· Dynamic switching of PDCCH monitoring of DCI formats 0_1,1_1,0_2,1_2 between monitoring on PCell/PSCell USS sets and monitoring on sSCell USS sets is supported
· FFS: Details of switching mechanism 
· UE does not monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS sets simultaneously
· Alt 2-3: 
· UE does not monitor the same DCI format on both PCell USS set(s) and sSCell USS sets simultaneously. UE can monitor some DCI formats on sSCell USS sets and other DCI formats on PCell/PSCell USS sets simultaneously
· Alt 2-4: 
· The USS set(s) on PSCell/PCell and the USS set(s) on sSCell are configured such that UE does not monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS set(s) simultaneously


Alt.1 vs. Alt.2
Alt. 1 is a particular realization of Alt. 2-4. In Alt. 1, a gNB cannot configure USS sets for DCI formats x_1/x_2 on the PCell. In Alt. 2-4, a gNB can configure USS sets for DCI formats x_1/x_2 on the PCell and the SCell and the gNB can implement Alt.1 for a UE not to simultaneously monitor the DCI formats on both cells. Therefore, as Alt. 1 can be realized by Alt. 2-4, and Alt. 2-4 provides more flexibility to the gNB scheduler without impacting the UE implementation, Alt. 2-4 is preferred.
Alt.2-1 vs. Alt.2-2 vs. Alt.2-3 vs. Alt.2-4
The main difference between the alternatives is whether or not the UE can simultaneously monitor PDCCH on the PCell and the (scheduling) SCell for detection of DCI formats x_1/x_2. A concern with simultaneous monitoring is that the number of PDCCH candidates (BDs) and non-overlapping CCEs per cell (for the PCell) per slot can exceed the Rel-16 limits and modifications to the Rel-16 formulas to maintain the Rel-16 limits can be complex especially when the PCell and the SCell have different SCS or possibly even different configurations for PDCCH monitoring capability (Rel-15 (slot-based) or Rel-16 (span-based)). However, without any modification to the Rel-16 formulas, whether there is any impact on UE complexity due to potentially exceeding the per scheduled cell BD/CCE limits is a UE implementation aspect – it is noted that there is no change on the UE requirements for the total number of BDs/CCEs and there is no change to any aspect of the Rel-16 specifications. Therefore, Alt. 2-1 can be viewed as a UE capability, similar to supporting multiple TRPs/cell in Rel-16 where the per cell limits can be larger than for single TRP, but without any specification impact. 
From the remaining alternatives, Alt. 2-4 is the simplest and can be directly supported. However, Alt. 2-4 is also restrictive on the gNB scheduler compared to Alt. 2-2 as LTE/NR traffic and scheduling decisions per slot are not known in advance while the search space set configuration/partition between PCell and (scheduling) SCell are practically fixed (for slot-based scheduling timeframes) once configured by RRC. Alt. 2-2 aims to allow dynamic adaptation of SS set configurations based on SS set switching. Rel-16 supports SS set switching for NR-U using DCI format 2_0 but the principle is simple to also apply using DCI format x_1/x_2 (and is also currently considered for UE power savings). Such SS set switching can be considered also for DSS. Alt. 2-3 has the disadvantages of both Alt. 2-1 and Alt. 2-4 without any identifiable advantage and need not be further considered.
Proposal 1: Support Alt. 2-1 based on UE capability (and without any change to Rel-16 specifications). If the UE does not indicate capability for Alt. 2-1, support Alt. 2-4.
Proposal 2: Continue study of Alt. 2-2 for support of search space set switching by DCI format x_1/x_2.
Fallback DCI formats
Fallback DCI formats, i.e., DCI formats 0_0/1_0, cannot be configured with CIF. Therefore, it is reasonable for a UE to monitor PDCCH with fallback DCI formats scheduling PUSCH/PDSCH on PCell from the PCell itself, i.e., self-scheduling.
Proposal 3: When a UE is configured cross carrier scheduling from sSCell to PCell/PSCell, 
· for ‘DCI formats 0_0, 1_0 scheduling PUSCH/PDSCH on PCell/PSCell’, the UE monitors the DCI formats 0_0, 1_0 only on search space set(s) of the PCell/PSCell.
· The search space on the PCell/PScell is CSS and/or USS.

DCI formats 2_5 and 2_6
RAN1 has concluded on Type 3 CSS set where the handling of DCI formats 2_5 and 2_6 is FFS:
	Conclusion (RAN1#103-e)
· When CCS from sSCell to PCell/PSCell is configured, the configuration of Type 3 CSS set for DCI formats 2_0, 2_1, 2_2, 2_3, 2_4 and applicability of the information in the DCI formats are the same as in Rel-15/Rel-16
· FFS: DCI format 2_5 and DCI Format 2_6 handling
· Note: The SCell configured with CCS to Pcell/PSCell is referred to as ‘sSCell’


PDCCH with DCI format 2_6 is transmitted on PCell (PSCell) as of Rel-16. In conjunction with sSCell operation, as DCI format 2_6 needs to be detected within a small window to improve UE power savings and as DCI format 2_6 is at most group-cast over few UEs (especially when it also indicates SCell dormancy/non-dormancy), it can be considered to also support on the SCell as for other DCI formats with PDCCH monitored according to Type3 CSS.
Proposal 4: Support DCI format 2_6 from SCell and align support from SCell for DCI formats with PDCCH monitored according to Type3 CSS.
In case of DCI format 2_5, it can be monitored in one or both of Type3 CSS and USS without any restriction of PCell (see below text copied from TS38.213). Therefore, the configuration and applicability of DCI format 2_5 can remain unchanged from Rel-16:
	TS38.213 clause 14
An IAB-MT monitors PDCCH candidates for a DCI format 2_5 with CRC scrambled by AI-RNTI in one or both of the following search space sets:
-	a Type3-PDCCH CSS set configured by SearchSpace in PDCCH-Config with searchSpaceType = common; 
-	a USS set configured by SearchSpace in PDCCH-Config with searchSpaceType = ue-Specific.


Observation 1: DCI format 2_5 can be monitored in one or both of Type3 CSS and USS without any restriction of PCell. Therefore, no additional specification is required for DCI format 2_5 with respect to cross carrier scheduling from SCell to PCell.
PDCCH overbooking 
For DSS, PDCCH monitoring on scheduling SCell can be practically same as PDCCH monitoring on the PCell in Rel-16. Therefore, PDCCH overbooking can also be supported on the scheduling SCell when the UE is configured for DSS.   
Proposal 5: Support PDCCH overbooking on the sSCell when the UE is configured cross-carrier scheduling from sSCell to PCell.
3 sSCell activation/deactivation
When a gNB enables cross-carrier scheduling from SCell to PCell for a UE (e.g., in the process of SCell addition), the association between PCell and SCell needs to be provided similar to CrossCarrierSchedulingConfig in Rel-16. Further, the CIF value used in the scheduling cell to indicate the scheduled cell can be configured for the DCI formats 0_1/0_2/1_1/1_2 as in Rel-16.
SCell activation/deactivation functionality can be maintained for sSCell. Specifically, upon sSCell activation, UE monitors PDCCH on the sSCell for scheduling on the PCell and/or SCell(s) (the UE monitors PDCCH for Type0/0A/1/2 CSS on the PCell).
Proposal 6: When cross-carrier scheduling from sSCell to PCell/PSCell is configured, a UE monitors Type0/0A/1/2 CSS on the PCell regardless whether or not the sSCell is activated.
4 Conclusion
[bookmark: _GoBack]Combining above discussion and previous RAN1 agreements, Table 1 summarises DCI formats for PCell when cross- carrier scheduling from sSCell to PCell is configured.
Table 1: Summary of DCI formats for PCell when CCS from sSCell to PCell is configured
	
	DCI format on PCell (PSCell)
	DCI formats on sSCell

	USS
	0_1/1_1/0_2/1_2 (Proposal 1)
0_0/1_0 (Proposal 3)
	0_1/1_1/0_2/1_2 (Proposal 1)

	CSS
(Type3)
	0_0/1_0 (Proposal 3)
2_0, 2_1, 2_2, 2_3, 2_4 (agreed at RAN1#103e)
2_6 (Proposal 4), 2_5 (observation 1)
	2_0, 2_1, 2_2, 2_3, 2_4 (agreed at RAN1#103e)
2_6 (Proposal 4), 2_5 (observation 1)

	CSS
(Type0A/1/2/3)
	1_0/0_0 (agreed at RAN1#103e)
	-


Based on above discussion for cross-carrier-scheduling from SCell to PCell, we provide the following observation and proposals:
Proposal 1: Support Alt. 2-1 based on UE capability (and without any change to Rel-16 specifications). If the UE does not indicate capability for Alt. 2-1, support Alt. 2-4.
Proposal 2: Continue study of Alt. 2-2 for support of search space set switching by DCI format x_1/x_2.
Proposal 3: When a UE is configured cross carrier scheduling from sSCell to PCell/PSCell, 
· for ‘DCI formats 0_0, 1_0 scheduling PUSCH/PDSCH on PCell/PSCell’, the UE monitors the DCI formats 0_0, 1_0 only on search space set(s) of the PCell/PSCell.
· The search space on the PCell/PScell is CSS and/or USS.
Proposal 4: Support DCI format 2_6 from SCell and align support from SCell for DCI formats with PDCCH monitored according to Type3 CSS.
Observation 1: DCI format 2_5 can be monitored in one or both of Type3 CSS and USS without any restriction of PCell. Therefore, no additional specification is required for DCI format 2_5 with respect to cross carrier scheduling from SCell to PCell.
Proposal 5: Support PDCCH overbooking on the sSCell when the UE is configured cross-carrier scheduling from sSCell to PCell.
Proposal 6: When cross-carrier scheduling from sSCell to PCell/PSCell is configured, a UE monitors Type0/0A/1/2 CSS on the PCell regardless whether or not the sSCell is activated.
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Annex: RAN1 agreements on cross carrier scheduling from SCell to PCell
RAN1#102-e (August 2020)
Agreements:
· Following scheduling combinations are allowed/not allowed when cross-carrier scheduling from an SCell to PCell/PSCell is configured
a. self-scheduling on PCell/PSCell is allowed
b. cross-carrier scheduling from PCell/PSCell to another SCell is not allowed
c. self-scheduling on the ‘SCell used for scheduling PCell/PSCell’ is allowed
d. cross-carrier scheduling from the ‘SCell used for scheduling PCell/PSCell’ to another serving cell is allowed
e. cross-carrier scheduling from another serving cell to the ‘SCell used for scheduling PCell/PSCell’ is not allowed
· FFS: Search space and DCI format handling for the allowed cases above
 
Agreements:
· Configuring 2 or more Scells to schedule the PCell/PSCell is not allowed

RAN1#103-e (Oct/Nov 2020)
Agreements:
· When CCS from an SCell (sSCell) to PCell/PSCell is configured, UE monitors Type 0/0A/1/2 CSS sets (for the DCI formats associated with those SS sets) only on the PCell/PSCell and not on the sSCell
· Note: UE monitors Type 0/0A/2 CSS only on PCell while Type 1 CSS can be monitored on PCell/PSCell
Conclusion
· When CCS from sSCell to PCell/PSCell is configured, the configuration of Type 3 CSS set for DCI formats 2_0, 2_1, 2_2, 2_3, 2_4 and applicability of the information in the DCI formats are the same as in Rel-15/Rel-16
· FFS: DCI format 2_5 and DCI Format 2_6 handling
· Note: The SCell configured with CCS to Pcell/PSCell is referred to as ‘sSCell’

[bookmark: _Hlk55846865]Conclusion
· When the PCell/PSCell and sSCell use different numerologies, the PDSCH reception preparation time between the PDCCH on the sSCell and the PDSCH on the PCell/PSCell is applied (i.e., as specified in TS38.214 Section 5.5).

Agreements:
· 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)
· Below alternatives can be considered in the discussion (other alternatives are not precluded)
· Alt 1: When CCS from sSCell to PCell/PSCell is configured, 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)
· Alt 2: 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 on PCell/PSCell USS set(s), and/or on sSCell USS set(s). The PDCCH monitoring is based on following alternatives (other alternatives are not precluded)
· Alt 2-1: 
· UE can monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS sets simultaneously
· FFS activation/deactivation of scheduling from sSCell to PCell/PSCell
· Alt 2-2: 
· Dynamic switching of PDCCH monitoring of DCI formats 0_1,1_1,0_2,1_2 between monitoring on PCell/PSCell USS sets and monitoring on sSCell USS sets is supported
· FFS: Details of switching mechanism (e.g. based on SS group switching, based on BWP switching,…)
· UE does not monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS sets simultaneously
· Alt 2-3: 
· UE does not monitor the same DCI format on both PCell USS set(s) and sSCell USS sets simultaneously. UE can monitor some DCI formats on sSCell USS sets and other DCI formats on PCell/PSCell USS sets simultaneously
· Alt 2-4: 
· The USS set(s) on PSCell/PCell and the USS set(s) on sSCell are configured such that UE does not monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS set(s) simultaneously
· FFS following aspects
· Impact of sSCell activation/deactivation and sSCell dormancy
· Impact on BD/CCE limit handling including considering PDCCH monitoring on CSS sets and PDCCH monitoring of ‘DCI formats 0_0, 1_0 scheduling PUSCH/PDSCH on PCell/PSCell’
· Whether PDCCH overbooking on sSCell is supported or not supported and impact (if any) on overbooking handling on PCell/PSCell 
· Impact from different numerologies between PDCCH on the PCell/PSCell and that on the sSCell
· Whether or not to have mechanism for activation/deactivation of scheduling from sSCell to PCell/PSCell
· USS configuration details (e.g. handling of USS type (self-scheduling, cross carrier scheduling) for a configured USS set configured for scheduling of in PCell/PSCell)
