	
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 #104bis-e	R1-2103262
e-Meeting, April 12th – 20th, 2021
[bookmark: Source]Agenda item:	8.13.1
Source:	Samsung
Title:	Cross-carrier scheduling from SCell to PCell
Document for:	Discussion and decision
1 Introduction
This contribution discusses remaining aspects for cross-carrier scheduling from SCell to PCell focusing on the identified issues in RAN1#104-e. As per a RAN1#103-e conclusion, the SCell configured with CCS to PCell/PSCell is referred to as ‘sSCell’
2 PDCCH monitoring and DCI format
1 
2 
PDCCH monitoring
The following alternatives were identified in RAN1#103 and were further extensively discussed in RAN1#104 for PDCCH monitoring.   
· 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. 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 was suggested as a simpler alternative for UE implementation compared to Alt. 2. However, as discussed in RAN1#104, Alt. 1 is not simpler for UE implementation. The reason is that because the UE can be configured at least CSS sets for DCI formats 0_0/1_0 or DCI format 2_x on the primary cell, there is no impact on the BD/CCE limits from prohibiting configuration of USS sets for the other (C-RNTI based) DCI formats on the primary cell; that is actually a disadvantage of Alt. 1. Basically, Alt. 1 is not different from Alt. 2-1 for determining BD/CCE limits but Alt. 1 imposes unjustified and unnecessary restrictions to DSS operation. Similar observations apply for Alt. 2-3. The only alternative that avoids any impact on UE complexity, and also practically avoids any specification impact, is Alt. 2-4 when it is extended to apply to CSS sets in conjunction with the resolution of the FFS from RAN1#104 (FFS: Whether the UE can monitor PDCCH from both cells in the same slot). Alt. 2-2 can also avoid a BD/CCE determination related impact on UE complexity but, unlike Alt 2-4, it requires new specifications. It is noted that as BD/CCE limits and overbooking are applicable per slot, the “simultaneously” in the above alternatives is considered to mean “same slot” (span-based/Rel-16 PDCCH monitoring is not considered although extensions of slot-based/Rel-15 PDCCH monitoring are expected to be relatively simple). 
Observation 1: Alt. 1 and Alt. 2-3 have no advantage over Alt. 2-1.
Observation 2: Alt. 2-4, when extended to CSS sets, can rely on Rel-16 for BD/CCE allocation to scheduled cells and for resolution of overbooking – new UE implementation or new specifications are not required.
Alt. 2-4 requires that the UE cannot monitor USS sets on the primary cell and the sSCell at a same slot. As the sSCell will use TDD, any restriction on not monitoring PDCCH on both the primary cell and the sSCell on a same slot is marginal (and will anyway happen in practice with any alternative). 
Proposal 1: A UE does not expect to monitor PDCCH on both the primary cell and the sSCell in a same slot.
Alt. 2-2 can be viewed as providing same functionality as Alt. 2-4 while enabling dynamic adjustment for the configuration of search space sets. Such search space set switching is supported in Rel-16 by DCI format 2_0 (for NR-U), is considered in Rel-17 UE PS, and can be considered to be generally supported. Alt. 2-1 would require new mechanisms for determining BD/CCE limits per scheduled cell, it may penalize the number of BDs/CCEs that can be available for scheduling on the primary cell per slot of the primary cell, and will also require defining a procedure to resolve PDCCH overbooking for the sSCell in order for it to be functional (resolving PDCCH overbooking for the sSCell would be required as DSS moves the PDCCH load from the primary cell to the sSCell, at least in some slots). 
Proposal 2: Consider generalization of search space set switching for the purposes of DSS. 
Observation 3: Alt. 2-1 may be further considered subject to UE complexity and specification requirements.
Fallback DCI formats
Fallback DCI formats (DCI formats 0_0/1_0) cannot be configured with CIF. 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.
Therefore, the following agreement would be also applicable for ‘DCI formats 0_0 and 1_0 in USS’ such that the existing functionality of PDCCH monitoring on PCell can be maintained. 
	Agreement (RAN1#104-e)
· When CCS from sSCell to PCell/PSCell is configured, UE monitors ‘DCI formats 0_0 and 1_0 in CSS that schedule PDSCH/PUSCH on PCell/PSCell’ only on the PCell/PSCell and not on the sSCell


Proposal 3: When CCS from sSCell to PCell/PSCell is configured, UE monitors ‘DCI formats 0_0 and 1_0 in USS’ that schedule PDSCH/PUSCH on PCell/PSCell’ only on the PCell/PSCell and not on the sSCell.
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’


In Rel-16, PDCCH with DCI format 2_6 is transmitted on PCell (PSCell). 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 (especially when it also indicates SCell dormancy/non-dormancy), PDCCH with DCI format 2_6 should be also supported on the sSCell, based on the configurations of corresponding search space sets by the network, as for other DCI formats with PDCCH monitored according to Type3 CSS.
Proposal 4: Support transmission of PDCCH with DCI format 2_6 from sSCell and align support from sSCell for DCI formats provided by PDCCHs that a UE monitors 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 4: PDCCH for DCI format 2_5 can be monitored in one or both of Type3 CSS and USS without any restriction of primary cell. Therefore, no additional specification is required for DCI format 2_5 with respect to cross carrier scheduling from sSCell to primary cell.
3 sSCell activation/deactivation
A SCell can be activated/deactivated using Rel-15 mechanisms, or for the purposes of DSS using Rel-16 mechanisms (dormant BWP), or using mechanisms that are expected to be specified in Rel-17. While there can be various ‘speeds’ for general SCell activation/deactivation (DCI or MAC CE), and a sSCell can be deactivated by same mechanisms, it needs to be discussed how a new sSCell is ‘activated’ for the purposes of DSS when a current sSCell is deactivated. RRC reconfiguration is a default option but it is pointless to have fast SCell activation for general scheduling but slow sSCell ‘activation’ for DSS. MAC CE based or, preferably, DCI-based designation of an activated SCell as sSCell should be supported for DSS in order to have uninterrupted DSS operation. 
Proposal 5: Support simultaneous replacement of a deactivated/dormant sSCell by a new sSCell, or DCI/MAC CE based indication of sSCell.
4 Association between sSCell and PCell/PSCell
When a gNB enables cross-carrier scheduling from sSCell to PCell/PSCell for a UE, the association between PCell/PSCell and sSCell needs to be provided. 
In case of existing cross-carrier scheduling for SCell, the RRC signalling of CrossCarrierSchedulingConfig for the SCell configures the association between the scheduling cell (e.g. PCell) and the scheduled cell (e.g. the SCell) in the process of SCell addition. 
Similar, in case of cross-carrier scheduling for the PCell/PSCell, the association between the scheduling cell (sSCell) and scheduled cell (PCell/PSCell) can be provided by modifying the CrossCarrierSchedulingConfig for the sSCell. Note that the SCell itself should be configured for self-scheduling as per a RAN1#102-e agreement (i.e., “self-scheduling on the ‘SCell used for scheduling PCell/PSCell’ is allowed”). In addition, the above association can be provided by updating the search space configuration for the PCell/PSCell when the sSCell is added. 
Observation 5: The association between scheduling cell (sSCell) and scheduled cell (PCell/PSCell) can be provided via updating: a) CrossCarrierSchedulingConfig for the sSCell, and b) SearchSpace for the primary cell
5 Other
Discussions on DSS so far focused on the Rel-16 framework. Rel-17 introduces support for multicast-broadcast services (MBS). Unlike “fallback” DCI formats that cannot have RRC-configurable field sizes (and do not include CIF), that is not the case for DCI formats scheduling MBS PDSCH and DSS should not be limited only to unicast PDSCH.
Proposal 6: Cross-carrier scheduling from SCell to PCell/PSCell is supported for both unicast PDSCH and multicast-broadcast PDSCH.
6 Conclusion
[bookmark: _GoBack]Based on above discussion for cross-carrier-scheduling from SCell to PCell, we provide the following observations and proposals:
PDCCH monitoring:
· Observation 1: Alt. 1 and Alt. 2-3 have no advantage over Alt. 2-1.
· Observation 2: Alt. 2-4, when extended to CSS sets, can rely on Rel-16 for BD/CCE allocation to scheduled cells and for resolution of overbooking – new UE implementation or new specifications are not required.
· Proposal 1: A UE does not expect to monitor PDCCH on both the primary cell and the sSCell in a same slot.
· Proposal 2: Consider generalization of search space set switching for the purposes of DSS. 
· Observation 3: Alt. 2-1 may be further considered subject to UE complexity and specification requirements.
DCI formats:
· Proposal 3: When CCS from sSCell to PCell/PSCell is configured, UE monitors ‘DCI formats 0_0 and 1_0 in USS’ that schedule PDSCH/PUSCH on PCell/PSCell’ only on the PCell/PSCell and not on the sSCell.
· Proposal 4: Support transmission of PDCCH with DCI format 2_6 from sSCell and align support from sSCell for DCI formats provided by PDCCHs that a UE monitors according to Type3 CSS.
· Observation 4: PDCCH for DCI format 2_5 can be monitored in one or both of Type3 CSS and USS without any restriction of primary cell. Therefore, no additional specification is required for DCI format 2_5 with respect to cross carrier scheduling from sSCell to primary cell.
sSCell activation/deactivation
· Proposal 5: Support simultaneous replacement of a deactivated/dormant sSCell by a new sSCell, or DCI/MAC CE based indication of sSCell.
Association between sSCell and PCell
· Observation 5: The association between scheduling cell (sSCell) and scheduled cell (PCell/PSCell) can be provided via updating: a) CrossCarrierSchedulingConfig for the sSCell, and b) SearchSpace for the primary cell
Other
· Proposal 6: Cross-carrier scheduling from SCell to PCell/PSCell is supported for both unicast PDSCH and multicast-broadcast PDSCH.
