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[bookmark: _Ref7476982]Introduction 
At RAN plenary meeting #86, a work item (WI) for the enhancement of dynamic spectrum sharing (DSS) was agreed [1], the following objective was identified. 

· PDCCH enhancements for cross-carrier scheduling including [RAN1, RAN2]
· PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell
· Study, and if agreed specify PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI
· The number of cells can be scheduled at once is limited to 2
· The increase in DCI size should be minimized
· [bookmark: _Hlk27038352]Note: The total PDCCH blind decoding budget should not be changed as a result of this work
· Note: These enhancements are not specific to DSS and are generally applicable to cross-carrier scheduling in carrier aggregation

In last RAN1 meetings, the following agreements were made, 
Agreements:
· Following scheduling combinations are allowed/not allowed when cross-carrier scheduling from an SCell to PCell/PSCell is configured
0. self-scheduling on PCell/PSCell is allowed
0. cross-carrier scheduling from PCell/PSCell to another SCell is not allowed
0. self-scheduling on the ‘SCell used for scheduling PCell/PSCell’ is allowed
0. cross-carrier scheduling from the ‘SCell used for scheduling PCell/PSCell’ to another serving cell is allowed
0. 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
 
Agreements:
· Configuring 2 or more Scells to schedule the PCell/PSCell is not allowed

Agreements:
· When CCS from an SCell (sSCell) to PCell/PSCell is configured, UE monitors Type 0/0A/1/2 CSS sets (for the DCI formats associated with those SS sets) only on the PCell/PSCell and not on the sSCell
· Note: UE monitors Type 0/0A/2 CSS only on PCell while Type 1 CSS can be monitored on PCell/PSCell
Conclusion
· 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’

[bookmark: _Hlk55846865]Conclusion
· When the PCell/PSCell and sSCell use different numerologies, the PDSCH reception preparation time between the PDCCH on the sSCell and the PDSCH on the PCell/PSCell is applied (i.e., as specified in TS38.214 Section 5.5).

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)
· 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)

In this contribution, we provide our further views on the first objective, i.e. PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell. 
Discussions 
Dynamic spectrum sharing (DSS) provides a very useful migration path from LTE to NR by allowing LTE and NR to share the same carrier. DSS was included already in Rel-15 and further enhanced in Rel-16. In the shared carrier of LTE and NR, the NR transmission needs to avoid the REs of LTE CRS and LTE PDCCH, which results in capacity limitation on NR PDCCH transmissions especially for the case when number of NR devices on PCell increases. From UL link performance point of view, it is beneficial that PCell is still configured as the cell with low frequency which coexists with a LTE cell. To solve the limited PDCCH capacity on the PCell, scheduling the PCell transmissions using a PDCCH on a scheduling SCell is motivated. In the following sections, we discuss the basic design issues for SCell scheduling PCell transmissions. 

In the existing NR/LTE scheduling, the PDSCH/PUSCH of a cell is only transmitted on one cell. However, it is not the case if PCell transmission can be scheduled by PDCCH on a SCell. For the broadcast channels, e.g. SS/PBCH, RMSI, SIBx, paging and RACH RAR, it is agreed that UE still monitor such channels scheduled by a PDCCH (Type0/0A/1/2 CSS) on PCell or PSCell, which can be viewed as self-scheduling. For Type3 CSS, it is clarified that DCI format 2_0/2_1/2_2/2_3/2_4 can be configured on PCell or SCell, i.e. same as Rel-15/16. It is preferred that the same rule can apply to DCI format 2_5/2_6 too. As to unicast PDSCH/PUSCH, it is possible such transmissions could be scheduled by a PDCCH transmitted on a scheduling SCell, i.e. cross-carrier scheduling or a PDCCH transmitted on PCell, i.e. self-scheduling. 

Proposal 1: UE can be configured to monitor DCI format 2_5/2_6 on Pcell or the scheduling SCell. 

Multiple DCI formats are defined in NR including DCI format 0_0/1_0 which are for fallback operation, and DCI format 0_1/1_1 and 0_2/1_2 which are defined for efficient scheduling, also known as non-fallback DCI. Therefore, one issue to determine that which DCI formats could be transmitted on the scheduling SCell. 

· Option 1: only DCI format 0_1/1_1 and 0_2/1_2 could be transmitted on the scheduling SCell. This option is the most straightforward way since the existing cross-carrier scheduling only supports DCI format 0_1/1_1 and 0_2/1_2 too. With Option 1, a PDSCH/PUSCH transmission on PCell can be scheduled by DCI format 0_0/1_0 on PCell or by a non-fallback DCI format on the scheduling SCell. 
· Option 2: All DCI formats (0_0/1_0, 0_1/1_1 and 0_2/1_2) could be transmitted on the scheduling SCell. Option 2 avoid DCI format dependent PDCCH detections on different cells. However, it needs to discuss how to differentiate a fallback DCI format that schedules a transmission on PCell and a fallback DCI format that schedules a transmission on the scheduling SCell.

Proposal 2: Only DCI format 0_1/1_1 and 0_2/1_2 could be configured on the scheduling SCell to schedule a transmission on PCell.

In NR system, the concept of DL and UL BWP is introduced. Consequently, many NR features are defined on a per-BWP basis. Alternatively, a feature may be configured UE specifically or in other scale. A potential issue is how to configure SCell scheduling PCell transmission. 

· Option 1: UE specific configuration. 
This is the simplest option which achieves most benefits of SCell scheduling PCell transmissions. However, it is also the most restrictive. 
· Option 2: per-BWP configuration
This option enables larger flexibility on PDCCH transmission from gNB side. For example, in one BWP on PCell, if there are heavy LTE transmissions on the frequency of the BWP, PDCCH transmission for PCell could be offloaded to the scheduling SCell. On the other hand, for a BWP without LTE traffic or only limited LTE transmissions, PDCCH scheduling PCell transmission could be still transmitted on the BWP on PCell. 
· Option 3: per-SS set configuration
The option is the most flexible for gNB to balance the load of PDCCH on PCell and the scheduling SCell. it is up to gNB configuration that a specific DCI format is monitored on PCell only, the scheduling SCell only or both.  

Proposal 3: Whether to enable SCell scheduling PCell transmission can be configured per search space set.  

In last RAN1 meeting, multiple alternatives are identified for the configuration of SS sets on PCell and the scheduling SCell were discussed
· Alt 1: UE can monitor USS sets on PCell and the scheduling SCell simultaneously, i.e. in same timing
· Alt 2: dynamic switching between USS sets configuration on PCell and the scheduling SCell
· Alt 3: UE can only monitor different DCI formats in USS sets on PCell and the scheduling SCell simultaneously

We don’t think UE simultaneous reception of DCI formats the two serving cells can be a problem. In fact, it is default behaviour of self-scheduling on each cell respectively. There is no benefit to enforce a limitation depending on DCI format too. Therefore, Alt 1 is preferred since it is the most flexible. UE has the capability to handle USS sets on PCell and the scheduling SCell simultaneously. On the other hand, it is up to gNB implementation to configure SS sets in a way of Alt 2 and Alt 3. 

Proposal 4: UE can monitor USS sets on PCell and the scheduling SCell simultaneously, i.e. in same timing.  

Assuming a PDCCH for PCell can be transmitted on either PCell or the scheduling SCell. Here, PDCCH for PCell includes 1) a PDCCH that is transmitted on PCell; 2) a PDCCH that is transmitted on the scheduling SCell and is scheduling a transmission on PCell. The total numbers of monitored PDCCH candidates and non-overlapped CCEs for all PDCCHs for PCell should not exceed the corresponding maximum numbers. The corresponding maximum numbers may be same as the values defined per serving cell as Rel-15. Alternatively, since the PDCCH for PCell are separately transmitted on PCell and the scheduling SCell, the maximum numbers of monitored PDCCH candidates and/or non-overlapped CCEs may be increased. 

Proposal 5: 
· The total numbers of monitored PDCCH candidates and non-overlapped CCEs of PDCCHs for PCell should not exceed the corresponding maximum numbers.
· FFS to increase the maximum numbers of monitored PDCCH candidates and/or non-overlapped CCEs for PCell. 

In NR/LTE cross-carrier scheduling, CIF=0 is fixedly assigned to the scheduling cell. Further, a value of  can be configured to a scheduled SCell. Since PCell must be scheduling cell if PCell is involved in cross-carrier scheduling, CIF for PCell, if applicable must be 0. Considering a PCell transmission can be cross-carrier scheduled by a scheduling SCell, one discussion point is how to allocate CIF=0. 

· Option 1: CIF=0 is assigned to the scheduling SCell
Since the scheduling SCell may also schedule another SCell besides PCell, having CIF=0 for the scheduling SCell maintain same CIF allocation from the scheduled SCell point of view. In this case, a value  must be assigned to the PCell. 
· Option 2: CIF=0 is assigned to the PCell
Option 2 maintain the commonality that PCell must use CIF=0. As a result, the scheduling SCell must be assigned a value . 

In fact, both the two options could work since it just makes a rule how to assign CIF=0 and . We slightly prefer Option 1 since it sounds better aligned with existing cross-carrier scheduling. 

Proposal 6: 
· CIF=0 is assigned to the scheduling SCell. 
· A value  is assigned to the PCell. 

According to RRC signalling in [2], the configuration of cross-carrier scheduling for a serving cell is done by IE CrossCarrierSchedulingConfig. For the scheduling SCell, cif-presence is set to true, CIF field exists in a DCI transmitted on the scheduling SCell. CIF=0 is assigned to the scheduling cell. On the other hand, for a scheduled cell including PCell, schedulingCellId indicates the serving cell index of the scheduling cell, and cif-InSchedulingCell indicates the CIF value used in the scheduling cell to indicate a DCI applicable for this scheduled cell or PCell. 
[bookmark: _Toc20425962][bookmark: _Toc29321358]–	CrossCarrierSchedulingConfig
The IE CrossCarrierSchedulingConfig is used to specify the configuration when the cross-carrier scheduling is used in a cell.
CrossCarrierSchedulingConfig information element
-- ASN1START
-- TAG-CrossCarrierSchedulingConfig-START

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)
        }
    },
    ...
}

-- TAG-CrossCarrierSchedulingConfig-STOP
-- ASN1STOP

Proposal 7: The IE CrossCarrierSchedulingConfig is reused to in support of SCell scheduling PCell transmissions. 

[bookmark: _GoBack]In NR, 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. Assuming a PDCCH for PCell can be transmitted on either PCell or the scheduling SCell, and also assuming the PCell and the scheduling SCell have different SCS, it needs to be clarified how to check the timing of symbols on the two cells. Above all, out of order transmission is not expected when a transmission on PCell can be scheduled by a PDCCH on either PCell or the scheduling SCell. 

Proposal 8: Out of order transmission is not expected for SCell scheduling PCell, when the PCell and the scheduling SCell have different SCS.
Conclusion
In this contribution, we provide our views on SCell scheduling PCell transmissions. we make the following proposals. 
Proposal 1: UE can be configured to monitor DCI format 2_5/2_6 on Pcell or the scheduling SCell. 

Proposal 2: Only DCI format 0_1/1_1 and 0_2/1_2 could be configured on the scheduling SCell to schedule a transmission on PCell.

Proposal 3: Whether to enable SCell scheduling PCell transmission can be configured per search space set.  

Proposal 4: UE can monitor USS sets on PCell and the scheduling SCell simultaneously, i.e. in same timing.  

Proposal 5: 
· The total numbers of monitored PDCCH candidates and non-overlapped CCEs of PDCCHs for PCell should not exceed the corresponding maximum numbers.
· FFS to increase the maximum numbers of monitored PDCCH candidates and/or non-overlapped CCEs for PCell. 

Proposal 6: 
· CIF=0 is assigned to the scheduling SCell. 
· A value  is assigned to the PCell. 

Proposal 7: The IE CrossCarrierSchedulingConfig is reused to in support of SCell scheduling PCell transmissions. 

Proposal 8: Out of order transmission is not expected for SCell scheduling PCell, when the PCell and the scheduling SCell have different SCS.
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