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At RAN1#104bis e-meeting, the following agreements on cross carrier scheduling from SCell to PCell were achieved:
	Agreement
· When CCS from sSCell to PCell/PSCell is configured
· CIF=0 used for sSCell self-scheduling, and CIF for sSCell to PCell cross-carrier scheduling is explicitly configured using RRC signalling
Agreement
PDCCH overbooking on sSCell USS set(s) is not allowed



Furthermore, the BD/CCE limit handling was also extensively discussed. In this contribution, we provide our views on the remaining issues for PDCCH of SCell scheduling PDSCH or PUSCH on PCell/PSCell.
Discussion
Configuration for cross-carrier scheduling
Currently, gNB can only configure a PCell/PSCell as scheduling cell once cross carrier scheduling is configured via higher layer parameter CrossCarrierSchedulingConfig, which is included in a root IE ServingCellConfig.  In the other words, only self-scheduling is available for PCell/PSCell. The IE structure of CrossCarrierSchedulingConfig is shown below.

CrossCarrierSchedulingConfig information element
CrossCarrierSchedulingConfig ::=        SEQUENCE {
    schedulingCellInfo                      CHOICE {
        own                                     SEQUENCE {                  -- Cross carrier scheduling: scheduling cell
            cif-Presence                            BOOLEAN
        },
        other                                   SEQUENCE {                  -- Cross carrier scheduling: scheduled cell
            schedulingCellId                        ServCellIndex,
            cif-InSchedulingCell                    INTEGER (1..7)
        }
    },
    ...,
    [[
    carrierIndicatorSize-r16            SEQUENCE {
        carrierIndicatorSizeDCI-1-2-r16        INTEGER (0..3),
        carrierIndicatorSizeDCI-0-2-r16        INTEGER (0..3)
    }                                                                                       OPTIONAL,  -- Cond CIF-PRESENCE
    enableDefaultBeamForCCS-r16         ENUMERATED {enabled}                                OPTIONAL  -- Need S
    ]]
}

	other
Parameters for cross-carrier scheduling, i.e., a serving cell is scheduled by a PDCCH on another (scheduling) cell. The network configures this field only for SCells.



There is a configuring restriction that the field ‘other’ can only be configured for a secondary cell. In the other words, there is no way to schedule a PCell/PSCell through a DCI transmitted on the SCell. From the perspective of configuration, the restriction that ‘other’ can only be applied to SCells needs to be removed. It should be noted that the above configuration can only be applied to USS. In the previous meeting, a WA of configuring USS on the scheduled PCell/PSCell was achieved. The detailed design on CrossCarrierSchedulingConfig depends on the confirmation of the WA.  One straightforward way is to modify the description of ‘other’, i.e. the configuration of USS is still allowed if the scheduled cell is PCell/PSCell.
	other
Parameters for cross-carrier scheduling, i.e., a serving cell is scheduled by a PDCCH on another (scheduling) cell. The network configures this field only for SCells. If this field is configured for PCell/PSCell, CSS/USS for self-scheduling can still be configured on PCell/PSCell.



Proposal 1: The restriction on ‘other’ included in CrossCarrierSchedulingConfig, i.e. ‘the network configures this field only for SCells’, should be removed.

As mentioned above, the cross-carrier scheduling from SCell to PCell/PSCell can be easily realized by removing the restriction that PCell/PSCell cannot be a scheduled cell. From the RAN1 perspective, the following functionality is already supported for the cross-carrier scheduling from PCell/PSCell/SCell to SCell:
· UE monitors UE-specific search space on the scheduling cell
· Both PDSCH and PUSCH can be scheduled on the scheduled cell from a DCI transmitted on the scheduling cell
· Mixed numerology on scheduling cell and scheduled cell
· Type0/0A/2-PDCCH CSS set can only be configured on the primary cell of MCG
· Type 1-PDCCH CSS set can only be configured on the primary cell of MCG or SCG
· Total BD/non-overlapping CCE calculation
· UE capability reporting for carrier aggregation
· Hash function determination for cross-carrier scheduling
From our perspective, we think there is no impact on the above functionality or procedure if the PCell/PSCell is scheduled by a SCell. 

Observation 1: There is no RAN1 impact on cross-carrier scheduling functionality if the PCell/PSCell is scheduled by SCell.

Furthermore, if multi-cell PDSCH scheduling (multiple PDSCHs on multiple cells) via a single DCI is supported, the scheduled cells can be any combination of the configured serving cells. The target cells can either include the scheduling cell or any two cells except the scheduling cell. It will be friendly to flexibility and the migration from LTE to NR. 

Proposal 2: The multi-cell scheduled via a single DCI can either include the scheduling cell or not.



Figure 1: Illustration of cross-carrier scheduling from SCell to PCell


Common search space handling
Generally speaking, all the defined search space sets can be categorized into three types, i.e. common search space, group common search space and UE-specific search space. The common search space sets can only be configured on the PCell/PSCell and schedule all the UEs staying in the same cell. The detailed difference among different search space types is summarized in Table 1 as shown below.

Table 1: Summary for different type of search space sets
	Search space set type
	Staying cell
	Traffic type

	Type0-PDCCH common search space set
	PCell of the MCG
	DCI format with CRC scrambled by a SI-RNTI; DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI

	Type0A-PDCCH common search space set
	PCell of the MCG
	DCI format with CRC scrambled by a SI-RNTI; DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI

	Type1-PDCCH common search space set
	PCell of MCG and PSCell of SCG
	DCI format with CRC scrambled by a RA-RNTI; DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI

	Type2-PDCCH common search space set
	PCell of the MCG
	DCI format with CRC scrambled by a P-RNTI; DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI

	Type3-PDCCH common search space set
	No restrictions
	DCI formats with CRC scrambled by INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, AI-RNTI, TPC-PUCCH-RNTI, or TPC-SRS-RNTI and, only for the primary cell, C-RNTI, MCS-C-RNTI, CS-RNTI(s), or PS-RNTI

	UE-specific search space set
	No restrictions
	DCI formats with CRC scrambled by C-RNTI, MCS-C-RNTI, SP-CSI-RNTI, CS-RNTI(s) or AI-RNTI



It has been agreed UE monitors Type 0/0A/2 CSS sets (for the DCI formats associated with those SS sets) only on the PCell and Type 1 CSS sets on PCell/PSCell when cross-carrier scheduling from a SCell to PCell/PSCell is configured. Additionally, 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. Hence further clarification on how to handle the DCI format 0_0 and DCI format 1_0 with CRC scrambled by C-RNTI, MCS-C-RNTI, SP-CSI-RNTI, or CS-RNTI(s) in the CSS on the scheduled PCell/PSCell is needed.  
In the current specification, the behavior of monitoring unicast DCI in CSS is captured as below.
	< --for type 0/0A/1/2-PDCCH common search space sets-->
If a UE is provided 
-	one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace, and 
-	a C-RNTI, an MCS-C-RNTI, or a CS-RNTI, 
the UE monitors PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI in the one or more search space sets in a slot where the UE monitors PDCCH candidates for at least a DCI format 0_0 or a DCI format 1_0 with CRC scrambled by SI-RNTI, RA-RNTI or P-RNTI.
< --for type 3-PDCCH common search space sets-->
a Type3-PDCCH CSS set configured by SearchSpace in PDCCH-Config with searchSpaceType = common for DCI formats with CRC scrambled by INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, or TPC-SRS-RNTI and, only for the primary cell, C-RNTI, MCS-C-RNTI, or CS-RNTI(s), and



UE can monitor DCI formats with CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI in Type0/0A/1/2 common search space sets if the UE monitors PDCCH candidates for at least a DCI format 0_0 or a DCI format 1_0 with CRC scrambled by SI-RNTI, RA-RNTI or P-RNTI. It should be noticed that the text in specification is general and can be applied to any case where the Type0/0A/1/2 common search spaces sets are configured. Considering a unified DCI payload size can be guaranteed for the fallback DCIs in a CSS, there are no additional efforts to monitor a fallback DCI with CRC scrambled by a unicast RNTI value. The same behavior should be maintained in the case where cross-carrier scheduling from SCell to PCell/PSCell is supported.
For Type3-PDCCH CSS set, gNB can freely configure the DCI formats need to be monitored on the PCell/PSCell. We do not see the motivation to abandon the configuration flexibility for cross-carrier scheduling from SCell to PCell/PSCell.
Proposal 3: DCI format 0_0 and DCI format 1_0 with CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI(s) can be monitored in the common search space sets on the scheduled PCell/PSCell.

The common understanding on Type 3 CSS sets associated with DCI format 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. However, there are different views on how to handle DCI format 2_5 and DCI format 2_6.  The functionality of these DCI formats is shown as below:
· DCI format 2_5 carrying the availability indication of soft symbols for IAB-DU, indicating the available resources can be used for IAB-DU transmission. It should be noted that there is no restriction on the configuration of DCI format 2_5, i.e. it can be configured on either PCell/PSCell or SCell. From our understanding, IAB-DU/MT can provide backhaul link to a serving cell despite of the serving cell type, i.e. either a SCell or PCell/PSCell can be configured with an IAB-MT. The current mechanism on DCI format 2_5 transmission should be maintained.
· DCI format 2_6 carrying the WUS indication indicating whether a UE enters the DRX on status in the next long DRX cycle or not, and dormancy indication indicating the dormancy status of a group of SCells if applicable. Currently, DCI format 2_6 can be only configured on the PCell/PSCell. Furthermore, it can only be used for indicating the dormancy status of SCells. Allowing gNB to configure DCI format 2_6 on SCell may be beneficial to save the PDCCH overhead on the PCell/PSCell. However, DCI format 2_6 is transmitted in a CSS which is common to a group of UEs. The overhead issue is not as stringent as UE-specific search space. Furthermore, we need to carefully assess the possible specification impacts, e.g. whether to consider the WUS indication and dormancy indication separately.
Proposal 4: When CCS from sSCell to PCell/PSCell is configured, the configuration of Type 3 CSS set for DCI formats 2_5/2_6 and applicability of the information in the DCI formats are the same as in Rel-15/Rel-16.

UE-specific search space handling
At RAN1#104 e-meeting, a working assumption on the USS operation on scheduled PCell/PSCell was achieved.  
	Working Assumption
· 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.



For the case wherein a UE is 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), four potential options were identified at RAN1#103 e-meeting.
· 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
· 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

The PDSCH and PUSCH transmitted on the scheduled PCell/PSCell cannot overlap with other PDSCH and PUSCH respectively on the PCell/PSCell. The PDSCH and PUSCH can be scheduled by a DCI transmitted in the USS on either PCell/PSCell (if configured) or SCell. There is no motivation to configure a UE to monitor USS on two cells simultaneously. On the other hand, the redundant configuration of USS brings nothing other than extra burden at UE side. 
For Alt 2-2, it is too complicated to be applied to the real world. The configuration of USS on both sSCell and PCell/PSCell is in semi-static manner. The motivation of dynamic switching of PDCCH monitoring is unclear. Furthermore, there is a risk of miss detection for the dynamic signaling, which leads to the miss understanding between network and UE. 
A UE can be configured to monitor DCI format 0_0/DCI format 1_0 or DCI format 0_1/DCI format 1_1 in a USS follows Rel-15 behavior. In Rel-16, it steps further that a UE can be configured in a USS to monitor DCI format 0_0/DCI format 1_0, DCI format 0_1/DCI format 1_1, DCI format 0_2/DCI format 1_2 or DCI format 0_1/DCI format 1_1/ DCI format 0_2/DCI format 1_2. Considering the monitored DCI formats are configured per search space, Alt 2-3 is actually a sub-set of Alt 2-4. Alt 2-4 can guarantee there is no overlapped USS in time domain on PCell/PSCell and sSCell via a semi-static manner by reusing the current mechanism as much as possible.  
Proposal 5: When UE is configured to monitor DCI formats 0_1/1_1/0_2/1_2 that schedule PDSCH/PUSCH on PCell/PSCell within USS set(s) on sSCell and PCell/PSCell, Alt 2-4 should be adopted to make sure that a UE does not monitor DCI formats 0_1/1_1/0_2/1_2 on sSCell and PCell/PSCell simultaneously.

Other issues on CCS from sSCell to PCell/PSCell
In the last meeting, several issues related to CCS from SCell to PCell were identified, which need to be further studied. 
· Issue#1: Impact of sSCell dormancy
SCell dormancy can be indicated via either DCI format 2_6 or DCI format 1_1 or DCI format 0_1, which can be only transmitted on PCell/PSCell in the current specification. Considering the DCI format 2_6 can always be transmitted on the PCell/PSCell no matter it is a scheduling cell or a scheduled cell, we don’t see any hole for SCell dormancy. Furthermore, a working assumption that USS can be still configured on the scheduled PCell/PSCell, sSCell dormancy operation via DCI format 1_1 and DCI format 0_1 transmitted on PCell/PSCell is feasible once the WA is confirmed.
We think the current mechanisms can be reused for sSCell dormancy.
Proposal 6: When CCS from sSCell to PCell/PSCell is configured, dormancy operation for the sSCell can be supported at least by using DCI format 2_6.

· Issue#2: PDCCH monitoring and BD/CCE limit handling
The total numbers of BD and non-overlapped CCEs per slot or per span are calculated according to the UE capability and configured serving cells. Taking Rel-15 CC as an example, the total numbers of BD and non-overlapped CCEs per slot are calculated via the following two formulas respectively [2]: 


Subsequently, the UE is not required to monitor on the active DL BWP with SCS configuration  of the scheduling cell more than  PDCCH candidates or more than  non-overlapped CCEs per slot for each scheduled serving cell.
Different from the current mechanism, the PCell/PSCell is scheduled by two serving cells, i.e. PCell/PSCell itself and an additional scheduling SCell, instead of one scheduling cell. When the scheduled PCell/PSCell and the sSCell are configured with the same SCS, the total number of BD/non-overlapped CCEs can still be calculated based on the above formula. gNB should configure proper search space sets on all the serving cells following the total number and the per-CC limit. 
When the scheduled PCell/PSCell and the sSCell are configured with different SCSs, it is not clear how to count the number of CC for each SCS group. One example is shown in Figure 2, wherein assuming the reported CA capability is 4 and 5 serving cells are configured for the UE. The scheduled PCell is configured with 15 kHz SCS and the scheduling SCell is configured with 30 kHz SCS. The scheduledPCell can be scheduled by the PDCCH transmitted on PCell and sSCell. Following the current step to calculate the total number of BD/CCE, we should count the number of CC for each SCS, i.e. 15 kHz and 30 kHz, as below. 
· For 15 kHz, there are 2 CCs on which PDCCH is transmitted.
· For 30 kHz, the scheduled PCell should be counted as a 30 kHz carrier because it is scheduled by SCell#2. Eventually, the number of 30 kHz carrier is 4, i.e. PCell, SCell#2, SCell#3 and SCell#4.
In this example, it can be observed that the scheduled PCell is actually calculated twice with 15 kHz and 30 kHz respectively. In the end, the total number of BD/CCE would be larger than it should be. 


Figure 2: Examples for total BD/CCE calculation in case of CCS from SCell to PCell
It can be observed that the issue comes from the double-calculation for the scheduled PCell as it is counted twice in different serving cell sets. From our perspective, the current procedure on calculating the total number of BD and non-overlapped CCEs should be respected as much as possible. Accordingly, the following solution is preferred:
· The scheduled PCell is counted according to different SCSs respectively and an offset value is introduced to amend the total number of BD/non-overlapped CCE related to each serving cell set. Take Figure 2 as example, firstly the total number of BD/non-overlapped CCE for 15 kHz CC and 30 kHz CC are calculated according to the current procedure, where the scheduled PCell is counted twice for 15 kHz and 30 kHz. 
For 15 kHz, the temporary total number of BD and non-overlapped CCEs are calculated as below: 
= = 70
= = 89
For 30 kHz, the temporary total number of BD and non-overlapped CCEs are calculated as below: 
= = 115
= = 179
· Subsequently, an offset is introduced to amend the above results to ensure the UE can get a reasonable search space configuration: 
For 15 kHz, the actual total number of BD and non-overlapped CCEs are calculated as below:


For 30 kHz, the actual total number of BD and non-overlapped CCEs are calculated as below:


The offset values can be configured according to the UE capability. Furthermore, the offset values for different serving cell sets can be same or different. 
The current procedure of calculating total number of BD and non-overlapped CCEs can be fully reused. At the same time, the allocation of BD/CCEs within each serving cell set would be more accurate.
Proposal 7: When the PCell/PSCell and sSCell have different numerologies, the total number of BD/CCEs can be calculated by reusing the current procedure with introducing an offset for each serving cell set.

In RAN1#104bis e-meeting, the BD/CCE limit handling was extensively discussed. Three options were identified during the meeting which can be found in the appendix. Generally speaking, the main idea of the three options can be summarized as below:
· Option A: the BD/CCE limit on the scheduled PCell and the scheduling SCell are defined by the maximum number of BD/CCEs across slots.
· Option B: the BD/CCE limit on the scheduled PCell and the scheduling SCell are defined by the number of BD/CCEs in each slot.
· Option C: the BD/CCE limit on the scheduled PCell and the scheduling SCell are determined separately.
From flexibility point of view, option A< option B < option C. For option A, gNB has to guarantee the number of BD/CCEs across slots is smaller than an upper bound, e.g. a configured value or a predefined value. Correspondingly, the flexibility of configuration would be significantly restricted. One example is shown in the following Figure 3 wherein the search space on PCell and SCell are allocated in different slots. The number of BD/CCEs in each slot would be far away from the per-CC limit as gNB has to take the SS configuration on the other CC into account. To be specific, assuming the BD limit across two cells is 44 and the search space configured on PCell contains 24 BDs, gNB can at most allocate 20 BDs per search space for the SCell, vice versa. 


Figure 3: Examples for search space configuration for scheduling SCell and scheduled PCell
Option 3 has the highest flexibility on the search space configuration as the limit for PCell and SCell are determined separately. However, the motivation of cross carrier scheduling from SCell to PCell is to migrate some of the PDCCH to SCell. In the other words, the BD/CCE limit for scheduling SCell and scheduled PCell should be considered together. 
Proposal 8: The BD/CCE limit on scheduling SCell and scheduled PCell should be considered together. FFS the details.

· Issue#3: Whether or not to have mechanism for activation/deactivation of scheduling from sSCell to PCell/PSCell
The cross carrier scheduling from sSCell to PCell/PSCell is configured by higher layer signaling, which is a semi-static manner.  More importantly, the sharing spectrum between LTE and NR is a deployment issue and should be stable once the deployment is completed. We don’t see the motivation of introducing mechanism for activation/deactivation of scheduling from sSCell to PCell/PSCell.
Proposal 9: Do not introduce mechanism for dynamic activation/deactivation of scheduling from sSCell to PCell/PSCell.

· Issue#4: Potential RAN1 impacts from prohibiting OOO and simultaneous reception/transmission of PDSCH/PUSCH
In RAN1#104 e-meeting, it was agreed that OOO and simultaneous reception/transmission of PDSCH/PUSCH on PCell/PSCell are not supported when cross carrier scheduling from SCell to PCell/PSCell. However, whether such an agreement has impact on RAN1 specification is still FFS, which is highlighted as below:
	Agreement
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
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.



In TS38.214, the allowed scheduling order for PDSCH is specified from three aspects, which is quoted as below [3]:
	Aspect#1: For any HARQ process ID(s) in a given scheduled cell, the UE is not expected to receive a PDSCH that overlaps in time with another PDSCH.

Aspect#2: 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 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.
Aspect#3: 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.



Aspect#1 specifies that UE doesn’t expect to be scheduled with two overlapped PDSCHs on a scheduled cell. Aspect#2 basically specifies a UE should feedback ACK/NACK of a PDSCH no later than that of a later PDSCH on a scheduled cell. Aspect#3 specifies the scheduling order between PDCCH and PDSCH, i.e. a PDSCH scheduled by a first PDCCH should be received before a PDSCH scheduled by a second PDCCH which is transmitted later than the first PDCCH on the scheduled cell. It should be noted that all these three aspects are described in a generic way, i.e. from the scheduled cell perspective. It can cover the case wherein the PCell/PSCell is scheduled from an sSCell naturally.
Observation 2: There is no impact on RAN1 specification from prohibiting OOO and simultaneously reception/transmission of PDSCH/PUSCH on the scheduled PCell/PSCell. 

Conclusion
This contribution discusses the remaining issues on cross carrier scheduling from SCell to PCell/PSCell. We have the following observations and proposals:
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Observation 1: There is no RAN1 impact on cross-carrier scheduling functionality if the PCell/PSCell is scheduled by SCell.

Observation 2: There is no impact on RAN1 specification from prohibiting OOO and simultaneously reception/transmission of PDSCH/PUSCH on the scheduled PCell/PSCell.


Proposal 1: The restriction on ‘other’ included in CrossCarrierSchedulingConfig, i.e. ‘the network configures this field only for SCells’, should be removed.

Proposal 2: The multi-cell scheduled via a single DCI can either include the scheduling cell or not.

Proposal 3: DCI format 0_0 and DCI format 1_0 with CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI(s) can be monitored in the common search space sets on the scheduled PCell/PSCell.

Proposal 4: When CCS from sSCell to PCell/PSCell is configured, the configuration of Type 3 CSS set for DCI formats 2_5/2_6 and applicability of the information in the DCI formats are the same as in Rel-15/Rel-16.

Proposal 5: When UE is configured to monitor DCI formats 0_1/1_1/0_2/1_2 that schedule PDSCH/PUSCH on PCell/PSCell within USS set(s) on sSCell and PCell/PSCell, Alt 2-4 should be adopted to make sure that a UE does not monitor DCI formats 0_1/1_1/0_2/1_2 on sSCell and PCell/PSCell simultaneously.

Proposal 6: When CCS from sSCell to PCell/PSCell is configured, dormancy operation for the sSCell can be supported at least by using DCI format 2_6.

Proposal 7: When the PCell/PSCell and sSCell have different numerologies, the total number of BD/CCEs can be calculated by reusing the current procedure with introducing an offset for each serving cell set.

Proposal 8: The BD/CCE limit on scheduling SCell and scheduled PCell should be considered together. FFS the details.

Proposal 9: Do not introduce mechanism for dynamic activation/deactivation of scheduling from sSCell to PCell/PSCell.
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Appendix
Agreements achieved at RAN1#104e meeting:
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)

For RAN1#105-e, companies are encouraged to consider:
· Further discuss PDCCH monitoring and BD/CCE limit handling in RAN1#105e considering below BD/CCE limit handling options
· Option A
· At least when PCell/PSCell SCS is not higher than sSCell SCS, PDCCH monitoring candidates on PCell/PSCell and/or sSCell are configured such that max of (x1(m1)+x2(m1))+max of y(m2) corresponding to any PCell/PSCell slots m1 and m2 is less than or equal to Z1
· At least the case of Z1 = 44 is supported for PCell/PSCell SCS 15kHz
· FFS if Z1 larger than above can also be supported based on UE capability (e.g. similar to BDFactorR in Rel16)
· FFS signalling details on how the limit Z1 is realized, e.g.
· RRC configured BD limit/scaling factor-based limit for max(x1(m)+x2(m))
· Separate RRC configured BD limits/scaling factor-based limits for max(x1(m)+x2(m)) and max(y(m)) 
· separate BdfactorR for PCell/PSCell and sSCell
· SS configuration-based BD limit for max(x1(m)+x2(m)) and max(y(m))
· RRC configured BD limit/scaling factor-based limit for max(x1(m)+x2(m))+ max(y(m))
· Counting ‘sSCell-to-PCell/PSCell’ scheduling as an additional scheduling cell with numerology given by sSCell numerology in determining the BD/CCE limits
· FFS reference SCS to use when PCell/PSCell has higher SCS than sSCell (if supported)
· For sSCell scheduling PCell/PSCell, the UE is not required to monitor on the active DL BWP with SCS configuration  of the sSCell more than PDCCH candidates per slot of sSCell.
· FFS how limit is computed and applied when CCS from sSCell to PCell/PSCell is configured
· Option B
· At least when PCell/PSCell SCS is not higher than sSCell SCS, For PCell/PSCell slot m, PDCCH monitoring candidates on PCell/PSCell and/or sSCell are configured such that x1(m)+x2(m)+y(m) is less than or equal to BD limit Z2
· At least the case of Z2 = 44 is supported for PCell/PSCell SCS 15kHz
· FFS if Z2 larger than above can also be supported based on UE capability (e.g. similar to BDFactorR in Rel16)
· max of (x1(m1)+x2(m1)) + max of y(m2) corresponding to any PCell/PSCell slots m1 and m2 can is allowed to be larger than BD limit Z2
· FFS signalling details on how the limit Z2 is realized 
· FFS reference SCS to use when PCell/PSCell has higher SCS than sSCell (if supported)
· For sSCell scheduling PCell/PSCell, the UE is not required to monitor on the active DL BWP with SCS configuration  of the sSCell more than PDCCH candidates per slot of sSCell.
· FFS how limit is computed and applied when CCS from sSCell to PCell/PSCell is configured
· Option C
· PDCCH monitoring candidates on PCell/PSCell are configured such that max of (x1(m1)+x2(m1)) is less than or equal to Z3
· Z3 is derived by the PDCCH monitoring capability of PCell
· PDCCH monitoring candidates on sSCell are configured such that max of y(m2) is less than or equal to Z4
· Z4 is derived by the PDCCH monitoring capability of sSCell
· FFS details to define Z3 and Z4, e.g.
· Separate RRC configured BD limits/scaling factor-based limits for max(x1(m)+x2(m)) and max(y(m))
· For sSCell scheduling PCell/PSCell, the UE is not required to monitor on the active DL BWP with SCS configuration  of the sSCell more than Z4 PDCCH candidates per slot of sSCell
· Note
· x1(m) is #BDs for PDCCH CSS(s) candidates monitored on PCell/PSCell slot m 
· x2(m) is #BDs for PDCCH USS(s) candidates monitored on PCell/PSCell slot m 
· y(m) is #BDs for PDCCH USS(s) candidates monitored on sSCell in all sSCell slot(s) that overlap slot m of PCell/PSCell
· USS(s) => USS(s) that can schedule PDSCH/PUSCH on PCell/PSCell)
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