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1. Introduction
In DSS WID [1], the following objectives for NR Dynamic Spectrum Sharing (DSS) are included:

· PDCCH enhancements for cross-carrier scheduling including [RAN1, RAN2]
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3]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
· [bookmark: _GoBack] of cells can be scheduled at once is limited to 2
· The increase in DCI size should be minimized

In this contribution, we focus on the first objective and discuss the issues on Scell scheduling P(S)cell.
2. [bookmark: _Ref498564494]Discussion
1. 
2. 
[bookmark: _Ref521492551][bookmark: PP12]Use case and design scope
Dynamic spectrum sharing (DSS) provides a very useful migration path from LTE to NR by allowing LTE and NR to share the same carrier. As illustrated in Figure 1, NR P(S)cell operation in low/mid band as DSS carrier and Scell operation in mid/high band is a typical deployment scenario. However, the scheduling capacity of NR P(S)cell is limited due to sharing with LTE in the same carrier. Enabling PDCCH of Scell to schedule PDSCH/PUSCH on P(S)Cell could alleviate this problem to improve the performance. Therefore, DSS is an important use case for this PDCCH enhancement feature. Nonetheless, this enhancement is generally applicable and beneficial to other cross-carrier scheduling scenarios.
[image: ]
[bookmark: _Ref47345541]Figure 1   Typical deployment case for DSS
Taking into account the above typical deployment scenario that that NR CA cross low band and high band uses different TDD configurations and SCSs for DSS, the design should support the following cases:
· The scheduling Scell and scheduled P(S)cell have the same/different UL-DL configuration;
· The scheduling Scell and scheduled P(S)cell have the same/different numerology.
[bookmark: _Ref47370543]Proposal 1: Support same and different UL-DL configuration(s) as well as numerology(ies) between the scheduling Scell and the scheduled P(S)cell.
In addition, our understanding on the cross-carrier scheduled PDSCH or PUSCH on P(S)Cell includes both dynamic data scheduling and configured/semi-static data i.e., DL SPS and UL configured grant activation/release. Otherwise, the DSS is not supported with its full-function, which brings more complexity if dynamic data on PCell is cross-carrier scheduled, while semi-static data activation/release on PCell needs to be self-carrier scheduled. Therefore, following is proposed:
[bookmark: _Ref47370545]Proposal 2: Support flexible scheduling function from Scell, including dynamic PDSCH/PUSCH scheduling and semi-static PDSCH/PUSCH activating/deactivating on P(S)cell.
[bookmark: _Ref47368168]Framework for Scell scheduling P(S)cell
For each cell, UE will be indicated by RRC IE CrossCarrierSchedulingConfig that the data on this cell will be scheduled by PDCCH in its own cell (i.e. ‘own’ in schedulingCellInfo) or another cell (i.e. ‘other’ in schedulingCellInfo). However, for P(S)cell, only indication of ‘own’ for schedulingCellInfo is allowed in NR Rel-15&16. For simplicity, reusing such cross-carrier scheduling framework by removing the “allowed only self-scheudling” limitation on P(S)cell is a straightforward way to enable Scell scheduling P(S)cell. Particularly, in P(S)cell configuration, it could be indicated as ‘other’ in schedulingCellInfo together with the scheduling Scell ID and CIF used in the Scell scheduling the P(S)cell. 
Another aspect is how to determine which search space(s) in Scell could be used for scheduling P(S)cell. In NR Rel-15, search space linkage between a scheduling cell and a scheduled cell is defined, i.e. search spaces with the same searchSpaceId in scheduled cell and scheduling cell are linked to each other. The UE applies the search space for the scheduled cell only if the DL BWPs in which the linked search spaces are configured in scheduling cell and scheduled cell are both active. In the scheduled cell, search space is configured with fields including only searchSpaceId and nrofCandidates (called incomplete SS configuration in later part). A similar rule could also be reused to determine the search space in Scell for scheduling P(S)cell.
[bookmark: _Ref47370547]Proposal 3: Reuse cross-carrier scheduling framework in NR Rel-15 as well as the search space linkage rule to enable Scell scheduling P(S)cell.
Search space for scheduling P(S)cell
In NR Rel-15, Type 0/0a/1/2 CSS is only configured in P(S)cell, where UE monitors at least PDCCH scrambled by cell specific RNTI (e.g. SI-RNTI, RA-RNTI and etc.) to receive fallback DCI scheduling control information on P(S)cell. When Scell is enabled to schedule P(S)cell, those CSS should be kept on P(S)cell for receiving the broadcast service, such as paging for ETWS/CMAS. Besides, moving the CSS to Scell does not bring many benefits but introduces more spec changes and unreliabilities. Therefore, Type 0/0a/1/2 CSS(s) should remain in P(S)cell. 
[bookmark: _Ref47370548]Proposal 4: When Scell is enabled to schedule P(S)cell, Type 0/0a/1/2 common search spaces (CSSs) should remain in P(S)cell.
Clearly, when a P(S)cell is configured to be scheduled by a Scell, UE could monitor PDCCH scrambled by UE specific RNTI in USS of Scell to receive non-fallback DCI scheduling data information on Pcell. Another question to be answered is for UE-specific data, i.e., whether Pcell self-scheduling is also allowed in addition to being cross-carrier scheduled by Scell. There are the following 4 options as illustrated in Figure 2:
[image: ]
[bookmark: _Ref47365205]Figure 2   Options for Pcell self-scheduling
· Option 1: No search space for P(S)cell self-scheduling;
· Option 2: Fallback DCI in CSS#0/0a/1/2 for P(S)cell self-scheduling;
· Option 3: Fallback DCI in CSS#0/0a/1/2/3 for P(S)cell self-scheduling;
· Option 4: Fallback DCI in CSS#0/0a/1/2/3 and non-fallback DCI in USS for P(S)cell self-scheduling.
In NR Rel-15, if a UE is provided with CSS#0/0a/1/2 and a C-RNTI/MCS-C-RNTI/CS-RNTI, the UE also monitors PDCCH candidates for fallback DCI with CRC scrambled by these UE-specific RNTI(s) in the CSS(s) in a slot where the UE monitors PDCCH candidates for at least a fallback DCI with CRC scrambled by SI-RNTI, RA-RNTI or P-RNTI. This is very useful to avoid ambigurity and keep the service continuity during RRC reconfiguration. Therefore, even when Scell is enabled to schedule Pcell, this “fallback” operation should not be removed. For option 4, allowing USS for P(S)cell self-scheduling has no benefit but loss in PDCCH capability when USS of Scell is enabled to schedule the Pcell. Based on above analysis, Option 2 and 3 are preferred.
[bookmark: _Ref47366857][bookmark: _Ref47370550]Proposal 5: When Scell is enabled to schedule P(S)cell, UE needs to monitor PDCCH scrambled by UE specific RNTI (if provided) in CSS#0/0a/1/2/3 only of P(S)cell for self-scheduling.
Based on Proposal 5, P(S)cell could be scheduled by P(S)cell itself and another Scell jointly. Then the reused cross-carrier configuration as discussed in 2.2 may need to be re-interpreted a bit, i.e., indication of ‘other’ in schedulingCellInfo for Pcell means that it could be scheduled by USS in another Scell and CSS in its own cell, although the search space linkage rule only applies to USS(s) between Scell and Pcell. One example is given in Figure 3 where USS2 and USS3 configured in P(S)cell are linked to USS2 and USS3 configured in Scell. In this example, it should be clarified that P(S)cell will be scheduled in its own CSS1 and USS2&3 in Scell.
[image: ]
[bookmark: _Ref47368639]Figure 3   Example for Scell scheduling Pcell and Pcell self-scheduling
Potential issues for Scell scheduling P(S)cell
In NR Rel-15&16, one cell cannot be simultanously scheduled by more than one cell, regardless of self-scheduling or cross-carrier scheduling. However, based on Proposal 5, it will occur that one cell can be scheduled by two cells, which is different from NR Rel-15&16. Conseuqently, there are some details to be clarified:
· Blind Decoding/CCE budget for PDCCH monitoring;
· DCI size budget for PDCCH monitoring;
· Overbooking and dropping rules for PDCCH monitoring.
Besides,when a Scell is configured for Pcell scheduling, whether the SCell can be in deactivated or dormant state needs to be disuccsed. If yes, UE behavior needs to be defined when it happens.
[bookmark: _Ref47370551]Proposal 6: To support Scell scheduling P(S)cell, the following issues need to be clarified:
· Blind Decoding/CCE budget for PDCCH monitoring;
· DCI size budget for PDCCH monitoring;
· Overbooking and dropping rules for PDCCH monitoring;
· Whether the scheduling SCell can be in deactivated or dormant state and if so, proper UE behavior needs to be defined.
3. Conclusion
In this contribution, we focus on Scell scheduling P(S)cell, and have the following proposals:
Proposal 1: Support same and different UL-DL configuration(s) as well as numerology(ies) between the scheduling Scell and the scheduled P(S)cell.
Proposal 2: Support flexible scheduling function from Scell, including dynamic PDSCH/PUSCH scheduling and semi-static PDSCH/PUSCH activating/deactivating on P(S)cell.
Proposal 3: Reuse cross-carrier scheduling framework in NR Rel-15 as well as the search space linkage rule to enable Scell scheduling P(S)cell.Proposal 4: When Scell is enabled to schedule P(S)cell, Type 0/0a/1/2 common search spaces (CSSs) should remain in P(S)cell.
Proposal 4: When Scell is enabled to schedule P(S)cell, Type 0/0a/1/2 common search spaces (CSSs) should remain in P(S)cell.
Proposal 5: When Scell is enabled to schedule P(S)cell, UE needs to monitor PDCCH scrambled by UE specific RNTI (if provided) in CSS#0/0a/1/2/3 only of P(S)cell for self-scheduling.
Proposal 6: To support Scell scheduling P(S)cell, the following issues need to be clarified:
· Blind Decoding/CCE budget for PDCCH monitoring;
· DCI size budget for PDCCH monitoring;
· Overbooking and dropping rules for PDCCH monitoring;
· Whether the scheduling SCell can be in deactivated or dormant state and if so, proper UE behavior needs to be defined.
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