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Introduction
In this contribution, we address our views on remaining issues on support of cross-carrier scheduling from SCell to PCell/PSCell. The following agreements were drawn in the past two RAN1 meetings [1, 2].
Agreements: (#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)
· 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)
Agreement (#104-e)
When CCS from sSCell to PCell/PSCell is configured, 
· Out of order scheduling is not allowed between a) PDSCH on PCell/PSCell scheduled by PDCCH on PCell/PSCell and b) PDSCH on PCell/PSCell scheduled by PDCCH on sSCell 
· Out of order scheduling is not allowed between a) PUSCH on PCell/PSCell scheduled by PDCCH on PCell/PSCell and b) PUSCH on PCell/PSCell scheduled by PDCCH on sSCell 
FFS: Whether this agreement requires RAN1 specification impact.
Agreement (#104-e)
When CCS from sSCell to PCell/PSCell is configured, 
· Simultaneous reception of a) unicast PDSCH on PCell/PSCell scheduled from PCell/PSCell and b) unicast PDSCH on PCell/PSCell scheduled from sSCell is not allowed
· Simultaneous transmission of a) PUSCH on PCell/PSCell scheduled from PCell/PSCell and b) PUSCH on PCell/PSCell scheduled from sSCell is not allowed
· Note: Simultaneous implies full/partial time overlapping
FFS: Whether this agreement requires RAN1 specification impact.
Agreement (#104-e)
· When CCS from sSCell to PCell/PSCell is configured, CA activation/deactivation operation for the sSCell is supported
Working Assumption (#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.
Agreement (#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

Discussion
Monitoring of non-fallback DCI on PCell/PSCell USS set(s) and/or sSCell USS set(s)
In the last meeting, it was agreed to be supported for UE to monitor ‘nonfallback DCI for PCell/PSCell’ on both PCell/PSCell USS set(s) and sSCell USS set(s) as a working assumption. There are 4 variant schemes discussed, i.e., Alt 2-1/2-2/2-3/2-4.
Alt 2-1 is the most flexible approach. Basically, PDCCH MOs for USS set monitoring can be allocated in any locations of a slot on both PCell/PSCell and sSCell under the BD/CCE limit. Since in Rel-16 the BD/CCE limit is defined to apply per scheduled cell, even if PDCCH overbooking is done across PCell/PSCell and sSCell, the same PDCCH mapping/dropping rule can be applied over the union of the two scheduling cells. For different numerology case, the time unit for the BD/CCE counting can be a slot of a longer duration (of a cell having a smaller SCS). If we take the BWP switching into account, the reference SCS can be further extended to be the smallest SCS configured for PCell/PSCell and sSCell.
Alt 2-2 and Alt 2-4 provide a way to avoid simultaneous monitoring on PCell/PSCell USS set(s) and sSCell USS set(s) in the same slot. However, so far the benefit of imposing such restriction is not entirely clear, and the restriction would incur scheduling delay when a certain cell experiences deep fading, which will eventually give an ill effect to the PCell/PSCell throughput performance. If the PCell/PSCell wants to serve URLLC traffic, the reliability loss due to the scheduling delay would be much more critical. Therefore, our preference is to support Alt 2-1 which guarantees the largest scheduling flexibility and the best performance.
Proposal 1: 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 both PCell/PSCell USS set(s) and sSCell USS set(s) in the same slot.

Monitoring of fallback DCI on PCell/PSCell USS set(s)
There was discussion but it was not decided yet on whether UE can monitor ‘fallback DCI for PCell/PSCell’ on PCell/PSCell USS set(s) when CCS from sSCell to PCell/PSCell is configured. In our view, this functionality is essential for fallback mode operation, which is not much related to whether CCS from sSCell to PCell/PSCell is enabled or not. gNB should be able to send a DCI reliably using DCI 0_0/1_0 when the channel quality is rapidly degraded. Type 3 CSS set is not always a proper candidate for this because its monitoring periodicity is typically larger than a slot which incurs large transmission latency. Thus, our proposal is to allow monitoring of fallback DCI from PCell/PSCell USS set(s) regardless of the use of CCS from sSCell to PCell/PSCell and let gNB to determine whether or not to configure it.
Proposal 2: When CCS from sSCell to PCell/PSCell is configured, UE can be configured to monitor ‘DCI formats 0_0 and 1_0 that schedule PDSCH/PUSCH on PCell/PSCell’ on PCell/PSCell USS set(s).

DCI size budget and DCI size alignment
According to the working assumption and assuming Alt 2-1, UE can monitor PDCCH on PCell/PSCell and sSCell simultaneously in the same slot. In that case, the UE can perform the DCI size determination of ‘DCI formats for PCell/PSCell’ on PCell/PSCell and sSCell and alignment across the DCI formats when needed using the Rel-16 rule as the baseline. When CCS from sSCell to PCell/PSCell is configured, the Rel-16 DCI size budget can be applied per scheduled cell by clarifying its meaning as ‘the total DCI size budget over scheduling cell(s) per scheduled cell’. Need of potential enhancement on DCI size determination/alignment procedure can be further investigated depending on progress on the CSS/USS set monitoring behaviour.
Proposal 3: When CCS from sSCell to PCell/PSCell is configured, the DCI size budget means the total DCI size budget over scheduling cells (i.e., PCell/PSCell and sSCell) per scheduled cell (i.e., PCell/PSCell).

Activation/deactivation of scheduling from sSCell to PCell/PSCell
In the DSS scenario, the demand of PDCCH offloading from PCell/PSCell to sSCell may fluctuate depending on LTE/NR traffic arrival. Hence, it is beneficial to support dynamic activation and deactivation of the function of cross-carrier scheduling from sSCell to PCell/PSCell. To this end, the concept of SCell dormancy indication introduced in Rel-16 can be reused. For example, for the sSCell, UE can be configured one set of BWPs configured to apply sSCell-to-PCell/PSCell cross-carrier scheduling and another set of BWPs not configured to apply the sSCell-to-PCell/PSCell cross-carrier scheduling. Then, the sSCell-to-PCell/PSCell cross-carrier scheduling can be enabled or disabled based on BWP switching indicated by DCI from PCell/PSCell.
Proposal 4: Support dynamic activation/deactivation of CCS from sSCell to PCell/PSCell based on a Rel-16 BWP switching mechanism.

Conclusion
In this contribution, we discuss issues on cross-carrier scheduling from SCell to PCell/PSCell to improve the NR DSS operation. The following proposals are drawn:
Proposal 1: 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 both PCell/PSCell USS set(s) and sSCell USS set(s) in the same slot.
Proposal 2: When CCS from sSCell to PCell/PSCell is configured, UE can be configured to monitor ‘DCI formats 0_0 and 1_0 that schedule PDSCH/PUSCH on PCell/PSCell’ on PCell/PSCell USS set(s).
Proposal 3: When CCS from sSCell to PCell/PSCell is configured, the DCI size budget means the total DCI size budget over scheduling cells (i.e., PCell/PSCell and sSCell) per scheduled cell (i.e., PCell/PSCell).
Proposal 4: Support dynamic activation/deactivation of CCS from sSCell to PCell/PSCell based on a Rel-16 BWP switching mechanism.
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