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1. Background
Following agreements have been achieved at the RAN1#102-e meeting [1].
	Agreements:
· Following scheduling combinations are allowed/not allowed when cross-carrier scheduling from an SCell to PCell/PSCell is configured
· self-scheduling on PCell/PSCell is allowed
· cross-carrier scheduling from PCell/PSCell to another SCell is not allowed
· self-scheduling on the ‘SCell used for scheduling PCell/PSCell’ is allowed
· cross-carrier scheduling from the ‘SCell used for scheduling PCell/PSCell’ to another serving cell is allowed
· 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
Agreement:
· Configuring 2 or more Scells to schedule the PCell/PSCell is not allowed.



In this contribution, we share our views on cross-carrier scheduling from an SCell to the PCell/PSCell.

2. Design framework
In Rel.15, basic cross-carrier scheduling framework was established. In Rel.16, it has been extended to support the case of different numerologies between the scheduling cell and a scheduled cell on top of Rel.15 design. For the cross-carrier scheduling from an SCell to the PCell/PSCell in Rel.17, the same framework should be maintained. In particular, the following aspects should be the same as in the legacy cross-carrier scheduling operations.
· Cross-carrier scheduling from an SCell to the PCell/PSCell is only for non-fallback DCI formats monitored on a USS set and having the CIF field.
· Cross-carrier scheduling uses the CIF field in the DCI to indicate to which carrier the DCI schedules PDSCH/PUSCH. The UE identifies PDCCH candidates for the DCI scheduling from an SCell to the PCell/PSCell based on nCI of the hash function unless search space sharing is enabled, where the nCI is the value of the CIF.
· If the PCell PDSCH and the SCell PDCCH use different SCSs, PDSCH preparation time introduced in Rel.16 shall be ensured.

Proposal 1: Re-use existing cross-carrier scheduling framework:
· Cross-carrier scheduling from an SCell to the PCell/PSCell is only for non-fallback DCI formats with CIF field that are monitored on the UE-specific search spaces
· Cross-carrier scheduling uses the CIF field in the DCI to indicate to which carrier the DCI schedules PDSCH/PUSCH. The UE identifies PDCCH candidates for the DCI scheduling from an SCell to the PCell/PSCell based on nCI of the hash function unless search space sharing is enabled, where nCI is the value of the CIF.
· If the PCell PDSCH and the SCell PDCCH use different SCSs, PDSCH preparation time introduced in Rel.16 shall be ensured

The new cross-carrier scheduling scenario brings an additional open issue: handling of common search spaces. Since the common search spaces on the PCell/PSCell offer essential functionalities for connectivity (e.g., system information, paging, random access, fallback operation, hypothetical BLER calculation for RLF), keeping the common search spaces on the PCell/PSCell is still necessary. Eventually, there will be a new case: for the PCell/PSCell, there will be more than one scheduling cells.

It should be clear that UE-specific search space set(s) for the PCell/PSCell is/are configured only on the scheduling SCell (not on the PCell/PSCell). Allowing UE-specific search space set(s) on both the PCell/PSCell and the scheduling SCell causes various issues. For example, a UE needs to monitor the non-fallback DCI formats with CIF field on the scheduling SCell and those without CIF field on the PCell/PSCell. The impact on the UE behaviour for PDCCH overbooking, if supported, is also problematic – if the number of BDs or CCEs exceed the budget, it is not sure whether the UE shall drop USS(s) on the scheduling SCell first, or USS(s) with the higher index on the PCell/PSCell first. Considering that legacy cross-carrier scheduling allows only one scheduling cell for each scheduled cell so far, the same principle should be applied, i.e., USS set that schedules data on the PCell/PSCell is configurable only on the SCell. If UE-specific search space set(s) is/are only on the scheduling SCell (not on the PCell/PSCell), PDCCH overbooking is not required when the UE is configured with cross-carrier scheduling from an SCell to the PCell/PSCell.

Proposal 2:
· If a UE is configured with cross-carrier scheduling from an SCell to the PCell/PCell,
· For the PCell/PSCell, USS set(s) is/are configured only on the scheduling SCell.
· I.e., USS set(s) is/are not configured on the PCell/PSCell.
· PDCCH overbooking is not supported.

Figure 1 illustrates an example of the cross-carrier scheduling operation based on the proposal 1 and proposal 2. 
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Fig. 1	Cross-carrier scheduling from an SCell to the PCell.

Figure 2 illustrates further an example setting for PDCCH monitoring occasions when the cross-carrier scheduling from an SCell to the PCell/PSCell is configured – here, the PCell is assumed to be an FDD carrier with SCS 15kHz (DSS carrier), while SCell is assumed to be a TDD carrier with SCS 30kHz (non-DSS carrier). It is assumed that all the search space sets are configured to be monitored once per slot, where the PDCCH monitoring occasions on the PCell and on the scheduling SCell are assumed to span on symbol #1 – #2 of their slots. On the scheduling SCell, if a PDCCH monitoring occasion overlaps with the semi-statically configured UL symbols, the PDCCH is not monitored.
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Fig. 2	TDD-FDD CA with cross-carrier scheduling from an SCell to the PCell/PCell.

According to the legacy cross-carrier scheduling, PDCCH monitoring occasions for cross-carrier scheduling is determined based on the higher-layer parameters (duration in the RRC IE controlResourceSet and monitoringSlotPeriodicityAndOffset/monitoringSymbolsWithinSlot/duration in a RRC IE SearchSpace) configured on the scheduling cell. For each scheduled cell, RRC IE SearchSpace having the same index as the SearchSpace in the scheduling cell is configured, just for providing the number of PDCCH candidates per AL. Therefore, if the PDCCH monitoring for the USS set on the scheduling SCell for SCell self-scheduling is set to once per SCell slot, then the PDCCH candidates on the scheduling SCell for cross-carrier scheduling to the PCell are also monitored once per SCell slot. If the PDCCH monitoring on the scheduling SCell for cross-carrier scheduling to the PCell are to be done once per two SCell slots (= once per PCell slot), then the PDCCH candidates for self-scheduling on the SCell are monitored once per two SCell slots. This can be resolved by enabling configuring parameters related to PDCCH monitoring occasions (e.g., monitoringSlotPeriodicityAndOffset/monitoringSymbolsWithinSlot/duration in a RRC IE SearchSpace) for each scheduled cell independently. For example, for the PDCCH candidates monitored on the SCell in Fig. 2, the monitoringSlotPeriodicityAndOffset should be able to be set to once per slot for the candidates for SCell self-scheduling while once per two slots for the candidates for cross-carrier scheduling to the PCell/PSCell.

Another issue that can be observed from the Figure 2 is the determination of the maximum numbers of BDs and non-overlapping CCEs. Here, we focus on per-slot BD/CCE limits as an initial step. Firstly, existing per-CC limits should be kept unchanged per scheduled CC, i.e., total numbers of BDs and non-overlapping CCEs across two scheduling cells for a scheduled CC (= PCell/PSCell) should not exceed per-CC limits. Then the next question is whether to specify per-scheduling-CC-limit for the same scheduled cell (for the PCell/PSCell). Considering that the PCell/PSCell and the scheduling SCell may use different numerologies, duplex-modes, etc, there should not be an assumption that a UE is able to dynamically allocate PDCCH processes across the two scheduling cells. As such, per-scheduling-CC-limit for a scheduled CC (= PCell/PSCell) is necessary. According to the proposal 2, only CSS set(s) is/are configured on the PCell and hence no PDCCH overbooking is supported. With this understanding, per-scheduling-CC-limit on the scheduling SCell can be (per-CC BD or CCE limit) – (max of the number of BDs or CCEs at a slot among all the slots on the PCell/PSCell). 

Proposal 3:
· For cross-carrier scheduling from an SCell to the PCell/PCell,
· Enable independent configurations of the parameters related to PDCCH monitoring occasions for each scheduled cell.
· Total numbers of BDs and non-overlapping CCEs across two scheduling cells for a scheduled cell (=PCell/PSCell) does not exceed per-CC limits.
· The numbers of BDs and non-overlapping CCEs for a scheduling cell for a scheduled cell (= PCell/PSCell) should not exceed per-scheduling-CC limits.
· Per-scheduling-CC limit is determined as (per-CC BD or CCE limit) – (max of the number of BDs or CCEs at a slot across all the slots on the PCell/PSCell).

We would like to point out that although the PDCCH candidates are on different cells, from the PDSCH processing point of view, the scheduled cell associated with the PDCCH candidates on two cells is still one. Therefore, simultaneous reception/transmission and OOO scheduling/HARQ from the two different scheduling cells should also be avoided. Additional constraints might be necessary especially if different scheduling cells use different subcarrier-spacings. 

Proposal 4: 
· For cross-carrier scheduling from an SCell to the PCell/PCell,
· Simultaneous reception or transmission of multiple unicast PDSCHs or PUSCHs on the PCell/PSCell scheduled by PDCCHs on two scheduling cells is not supported.
· OOO scheduling/HARQ for PDSCHs or PUSCHs on the PCell/PSCell scheduled by PDCCHs on two scheduling cells is not supported.
· FFS if and on which condition(s) additional constraint(s) is/are necessary.

3. Conclusion
In this contribution, we discussed cross-carrier scheduling from an SCell to the PCell/PSCell and proposed following.

Proposal 1: Re-use existing cross-carrier scheduling framework:
· Cross-carrier scheduling from an SCell to the PCell/PSCell is only for non-fallback DCI formats with CIF field that are monitored on the UE-specific search spaces
· Cross-carrier scheduling uses the CIF field in the DCI to indicate to which carrier the DCI schedules PDSCH/PUSCH. The UE identifies PDCCH candidates for the DCI scheduling from an SCell to the PCell/PSCell based on nCI of the hash function unless search space sharing is enabled, where nCI is the value of the CIF.
· If the PCell PDSCH and the SCell PDCCH use different SCSs, PDSCH preparation time introduced in Rel.16 shall be ensured

Proposal 2:
· If a UE is configured with cross-carrier scheduling from an SCell to the PCell/PCell,
· For the PCell/PSCell, USS set(s) is/are configured only on the scheduling SCell.
· I.e., USS set(s) is/are not configured on the PCell/PSCell.
· PDCCH overbooking is not supported.

Proposal 3:
· For cross-carrier scheduling from an SCell to the PCell/PCell,
· Enable independent configurations of the parameters related to PDCCH monitoring occasions for each scheduled cell.
· Total numbers of BDs and non-overlapping CCEs across two scheduling cells for a scheduled cell (=PCell/PSCell) does not exceed per-CC limits.
· The numbers of BDs and non-overlapping CCEs for a scheduling cell for a scheduled cell (= PCell/PSCell) should not exceed per-scheduling-CC limits.
· Per-scheduling-CC limit is determined as (per-CC BD or CCE limit) – (max of the number of BDs or CCEs at a slot across all the slots on the PCell/PSCell).

Proposal 4: 
· For cross-carrier scheduling from an SCell to the PCell/PCell,
· Simultaneous reception or transmission of multiple unicast PDSCHs or PUSCHs on the PCell/PSCell scheduled by PDCCHs on two scheduling cells is not supported.
· OOO scheduling/HARQ for PDSCHs or PUSCHs on the PCell/PSCell scheduled by PDCCHs on two scheduling cells is not supported.
· FFS if and on which condition(s) additional constraint(s) is/are necessary.

4. Reference
[1] 3GPP RAN1#102-e, Chairman’s note.
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