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1. Background

At the RAN1#103-e meeting, following agreements have been achieved which includes some FFSs as following (change marked are removed for visibility) [1]:
	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)
· 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
· FFS following aspects
· Impact of sSCell activation/deactivation and sSCell dormancy
· Impact on BD/CCE limit handling
· 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 USS set configured for scheduling of PCell/PSCell)



In this contribution, we share our views on remaining issues for cross-carrier scheduling from an SCell to the PCell/PSCell. We focus on Rel.15 PDCCH monitoring capability and for single-TRP as an initial step.

2. Carrier indication field

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 a scheduling SCell (sSCell) to the PCell/PSCell in Rel.17, the 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 the sSCell to the PCell/PSCell is only for non-fallback DCI formats monitored on USS set(s) and having the CIF field.
· The CIF field in the DCI is used to indicate to which serving cell the DCI schedules PDSCH/PUSCH. The UE identifies PDCCH candidates for the DCI scheduling from the sSCell to the PCell/PSCell based on the value of nCI of the hash function unless search space sharing is enabled, where the nCI is the value of the CIF.

Proposal 1: CIF-based cross-carrier scheduling is re-used:
· Cross-carrier scheduling from the sSCell to the PCell/PSCell is only for non-fallback DCI formats with CIF field that are monitored on USS set(s)
· 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 the sSCell to the PCell/PSCell based on the value of nCI of the hash function unless search space sharing is enabled, where nCI is the value of the CIF.


3. BD/CCE determination and PDCCH overbooking

BD/CCE limit handling and PDCCH overbooking are highly related. Since the whole purpose of PDCCH monitoring is to obtain the control information for data reception or transmission for each scheduled cell, the PDCCH process capability should be dimensioned per scheduled cell basis. In other words, the max numbers of BDs and CCEs for each scheduled cell, regardless of whether the PDCCH candidates for the scheduled cell are monitored on one cell or on two cells, should not exceed per-cell limits. If different SCSs are configured for the sSCell and the PCell/PSCell, lower SCS between the sSCell and the PCell/PSCell (= 15kHz) should be used as the reference to determine the BD/CCE limits. If the UE reports pdcch-BlindDetectionCA, the numbers of BDs/CCEs across PCell/PSCell and sSCell shall not exceed the CA limits that is computed using the pdcch-BlindDetectionCA in the same manner as in the legacy CA, where the CA limits are calculated using the lower SCS between the sSCell and the PCell/PSCell (= 15kHz).

Figure 1 illustrates an example of cross-carrier scheduling from the sSCell to the PCell; TDD-FDD CA with FDD-PCell using SCS 15kHz and TDD-SCell using SCS 30kHz is assumed. The FDD-PCell is assumed to be a DSS carrier and cross-carrier scheduling from the TDD-SCell to the FDD-PCell is configured. In this case, the maximum numbers of BDs and non-overlapping CCEs per slot of SCS 15kHz across the sSCell and the PCell is 44 and is distributed over the two cells.
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Fig. 1	TDD-FDD CA with cross-carrier scheduling from an SCell to the PCell/PCell.

The next question is whether a UE is able to handle flexible numbers of BDs and CCEs across the two scheduling cells for the given scheduled cell (= PCell/PSCell) given the per scheduled cell limit across two scheduling cells is specified. Considering that the PCell/PSCell and the sSCell may use different SCSs (or the sSCell may be on an unlicensed band while the PCell/PSCell is on the licensed band), it should not be assumed that a UE is able to dynamically allocate process capabilities of PDCCH monitoring across the two scheduling cells. In other words, for the scheduled cell (= PCell/PSCell), per scheduling-cell limit is necessary for each of the two scheduling cells that is identifiable based on semi-static configuration/information. 

Due to the same reason explained above (it should not be assumed that a UE is able to dynamically allocate process capabilities of PDCCH monitoring across the two scheduling cells), PDCCH overbooking across PCell/PSCell and the sSCell shall not be supported. 

The straightforward solution to address the above concerns is to support USS set(s) for scheduling PCell/PSCell only on the sSCell (which is the Alt.1 of the agreement copied in the Section 1 above). Together with the legacy PDCCH overbooking rules (i.e., no overbooking on CSS set(s) and on SCell USS set(s)), no PDCCH overbooking across PCell/PSCell and sSCell (and also within PCell/PSCell and within sSCell) is required by Alt.1. One may argue that this is a scheduling restriction – however, it should not be the case as explained as following:
· Cross-carrier scheduling only from one cell based on semi-static configuration is the general approach that the 3GPP has adopted in the legacy releases. This itself is not a new restriction.
· Type3 CSS set on the PCell/PSCell can still be configured and can be used to schedule unicast data on the PCell/PSCell using fallback DCI formats even with Alt.1. 

If USS set(s) for scheduling PCell/PSCell is only on the sSCell, the max numbers of BDs/CCEs for PDCCH for the PCell/PSCell can be determined as follows:
· The numbers of BDs/CCEs for PDCCH monitored on the PCell/PSCell are determined according to the search space configurations for the CSS set(s) on the PCell/PSCell. The value may be different for different slots but does not exceed the per-cell limits in any slot. For a particular slot among all the slots, there is the maximum of the numbers of BDs/CCEs for PDCCH monitored on the PCell/PSCell. This is considered as the maximum of the numbers of BDs/CCEs for PDCCH on the PCell/PSCell across all the slots.
· Then, the network shall configure USS set(s) on the sSCell for scheduling PCell/PSCell such that the numbers of BDs/CCEs for PDCCH monitored on the sSCell is not more than {per-cell limits} – { maximum of the numbers of BDs/CCEs for PDCCH on the PCell/PSCell across all the slots}. 

Proposal 2: PDCCH overbooking across PCell/PSCell and sSCell is not supported.
· Agree Alt.1 - i.e., USS set(s) for scheduling the PCell/PSCell is configured only on the sSCell (not on the PCell/PSCell).

Proposal 3: Max numbers of BDs/CCEs for PDCCH for the PCell/PSCell are determined as follows:
· Max numbers of BDs/CCEs for PDCCH across the PCell/PSCell and on the sSCell is capped by the per cell limit.
· If different SCSs are used for PDCCH on the PCell/PSCell and the sSCell, the lower SCS between the two scheduling cells is the reference SCS for this determination.
· If the UE reports pdcch-BlindDetectionCA, the numbers of BDs/CCEs across PCell/PSCell and sSCell shall not exceed CA limits, where the CA limits are calculated using the lower SCS (= 15kHz). 
· Maximum numbers of BDs/CCEs for PDCCH monitored on the sSCell for PCell/PSCell is capped by {per-cell limits} – {maximum of the numbers of BDs/CCEs for PDCCH on the PCell/PSCell across all the slots}.


4. Search space monitoring configuration

According to the legacy cross-carrier scheduling, PDCCH monitoring occasions for cross-carrier scheduling is determined based on the higher-layer parameters (monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, and duration in the RRC IE SearchSpace) configured on the scheduling cell for any of the scheduled cells from the scheduling cell. For each scheduled cell, RRC IE SearchSpace having the same index as the SearchSpace for the scheduling cell is configured, just for providing the number of PDCCH candidates per AL. Therefore, for example, if the PDCCH monitoring for the USS set on the sSCell for self-scheduling is set to once per sSCell slot, then the PDCCH candidates on the sSCell for cross-carrier scheduling to the PCell/PSCell are also monitored once per sSCell slot. 

This configuration is not flexible enough especially when the scheduling cell and the scheduled cell(s) use different SCSs. Taking the Fig. 1 as an example, PDCCH monitoring once per sSCell slot corresponds to PDCCH monitoring twice per PCell slot. Unless multiple PDCCH monitoring occasions per slot is intended, this configuration unnecessary spreads the BD/CCE budgets into multiple occasions in the PCell slot. In order to address this inflexibility, independent/different configurations of monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, and duration in the RRC IE SearchSpace should be allowed for different scheduled cells from the same scheduling cell. 

Proposal 4: Support independent configurations of the parameters for PDCCH monitoring occasions (monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, and duration in the RRC IE SearchSpace) for different scheduled cells from the same scheduling cell.


5. Numbers of unicast DCI(s) that the UE is able to process

In Rel.15 and Rel.16, the numbers of DL/UL unicast DCI(s) that the UE is able to process per slot (and per span for Rel.16 PDCCH monitoring capability) is as follows. The UE has to process two unicast DCIs per slot (or per span) for some cases highlighted in yellow.

Rel.15
· FG3-1
· Component 5) Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot per scheduled CC for FDD
· Component 6) Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot per scheduled CC for TDD

Rel.16
· FG11-2
· Component 2) For the set of monitoring occasions which are within the same span:
· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for FDD
· Processing one unicast DCI scheduling DL and two unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
· Processing two unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
· FG18-5c
· Processing up to X unicast DCI scheduling for DL per scheduled CC 
· X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X={1,2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
· X applies per span in a slot of scheduling CC
· FG18-5d
· Processing up to X unicast DCI scheduling for UL per scheduled CC 
· X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X={1,2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
· X applies per span in a slot of scheduling CC

Since Rel.17 DSS targets the scenarios where the PCell/PSCell is a DSS carrier using SCS 15kHz, FG18-5c/5d are irrelevant. If the PCell/PSCell is an FDD carrier which is the typical scenario, processing more than one unicast DCIs scheduling DL or UL per slot (or per span) is not necessary at all. If the sSCell uses SCS 30kHz, the sSCell slot duration is half of the PCell/PSCell slot duration and hence, processing up to 1 unicast DCI per sSCell slot should be sufficient. As such, there is no motivation to enable more than one unicast DL/UL DCIs for the scenario where cross-carrier scheduling from sSCell to the PCell/PSCell is configured – RAN1 should confirm that the UE is not required to process more than one unicast DCI scheduling DL/UL for the PCell/PSCell per slot across the PCell/PSCell and the sSCell.

Proposal 5: RAN1 should confirm that the UE is not required to process more than one unicast DCI scheduling DL/UL for the PCell/PSCell per slot across the PCell/PSCell and the sSCell.

6. Out-of-order scheduling/HARQ

PDSCH/PUSCH processes for cross-carrier scheduling from the sSCell to the PCell/PSCell should be unchanged from the legacy self-/cross-carrier scheduling and hence simultaneous reception/transmission and out-of-order scheduling/HARQ from the two different scheduling cells shall not be supported basically.

The out-of-order scheduling/HARQ restrictions are specified as follows.
· OOO HARQ (TS38.214 Section 5.1)
· In a given scheduled cell, the UE is not expected to receive a first PDSCH and a second PDSCH, starting later than the first PDSCH, with its corresponding HARQ-ACK assigned to be transmitted on a resource ending before the start of a different resource for the HARQ-ACK assigned to be transmitted for the first PDSCH, where the two resources are in different slots for the associated HARQ-ACK transmissions, each slot is composed of  symbols [4] or a number of symbols indicated by subslotLengthForPUCCH-r16 if provided, and the HARQ-ACK for the two PDSCHs are associated with the HARQ-ACK codebook of the same priority. In a given scheduled cell, the UE is not expected to receive a first PDSCH, and a second PDSCH, starting later than the first PDSCH, with its corresponding HARQ-ACK assigned to be transmitted on a resource ending before the start of a different resource for the HARQ-ACK assigned to be transmitted for the first PDSCH if the HARQ-ACK for the two PDSCHs are associated with HARQ-ACK codebooks of different priorities.
· OOO scheduling (TS38.214 Sections 5.1 and 6.1)
· For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i.
· For any HARQ process ID(s) in a given scheduled cell, the UE is not expected to transmit a PUSCH that overlaps in time with another PUSCH. For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i.

The OOO HARQ is specified based on the timing relation between the first PDSCH/HARQ-ACK and the second PDSCH/HARQ-ACK, while the OOO scheduling is specified based on the symbol indexes for the first PDCCH and the second PDCCH that schedules two different PDSCHs or PUSCHs. However, when the PCell/PSCell and the sSCell use different SCSs and the two PDCCHs are on the PCell/PSCell and the sSCell, the symbol indexes are not physically aligned between the two scheduling cells and therefore, the spec description does not describe the out-of-order situations correctly. For example, following figure shows the case of out-of-order PDSCH scheduling in reality, but the specifications require UEs to handle it. This has to be corrected.
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Proposal 6: 
· 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.


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

Proposal 1: CIF-based cross-carrier scheduling is re-used:
· Cross-carrier scheduling from the sSCell to the PCell/PSCell is only for non-fallback DCI formats with CIF field that are monitored on USS set(s)
· 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 the sSCell to the PCell/PSCell based on the value of nCI of the hash function unless search space sharing is enabled, where nCI is the value of the CIF.

Proposal 2: PDCCH overbooking across PCell/PSCell and sSCell is not supported.
· Agree Alt.1 - i.e., USS set(s) for scheduling the PCell/PSCell is configured only on the sSCell (not on the PCell/PSCell).

Proposal 3: Max numbers of BDs/CCEs for PDCCH for the PCell/PSCell are determined as follows:
· Max numbers of BDs/CCEs for PDCCH across the PCell/PSCell and on the sSCell is capped by the per cell limit.
· If different SCSs are used for PDCCH on the PCell/PSCell and the sSCell, the lower SCS between the two scheduling cells is the reference SCS for this determination.
· If the UE reports pdcch-BlindDetectionCA, the numbers of BDs/CCEs across PCell/PSCell and sSCell shall not exceed CA limits, where the CA limits are calculated using the lower SCS (= 15kHz). 
· Maximum numbers of BDs/CCEs for PDCCH monitored on the sSCell for PCell/PSCell is capped by {per-cell limits} – {maximum of the numbers of BDs/CCEs for PDCCH on the PCell/PSCell across all the slots}.

Proposal 4: Support independent configurations of the parameters for PDCCH monitoring occasions (monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, and duration in the RRC IE SearchSpace) for different scheduled cells from the same scheduling cell.

Proposal 5: RAN1 should confirm that the UE is not required to process more than one unicast DCI scheduling DL/UL for the PCell/PSCell per slot across the PCell/PSCell and the sSCell.

Proposal 6: 
· 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.
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