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1. Introduction
The NR dynamic spectrum sharing work item is introduced in NR Rel-17 to accommodate different network deployments. The objectives of NR DSS are specified in [1] (quoted below) and some progress on cross-carrier scheduling from sSCell to PCell/PSCell were reached at the RAN1#102-e, #103-e and #104-e meeting [2][3][4]. In this contribution, we discuss further issues on cross-carrier scheduling from sSCell to PCell/PSCell  and provide some proposals. 
[1]	RP-193260, ” New WID on NR Dynamic spectrum sharing (DSS)”
	3	Justification
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. As the number of NR devices in a network increases, it is important that sufficient scheduling capacity for NR UEs on the shared carriers I ensured.   
4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
This work item is limited to FR1, and includes the following objectives for NR Dynamic Spectrum Sharing (DSS):
· 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




2. Discussions
2.1 Overbooking issues for SCell scheduling PCell/PSCell
In NR Rel-15/16, overbooking for search spaces can benefit to provide additional PDCCH scheduling flexibility from network’s perspective. As for DSS in NR Rel-17, it’s important for scheduling the PCell/PSCell no matter the PDCCH is from the PCell/PSCell or the sSCell. However, it may have some spec. impact considering cross-carrier scheduling mechanism. 
Regarding NR Rel-15/16 cross-carrier scheduling mechanism, search spaces with the same ID in a scheduled cell and a scheduling cell are linked to each other. For a scheduled cell in case of cross-carrier scheduling, the search space configuration(s) on the scheduled cell only includes the number of candidates, while other parameters are absent and are derived from the search space(s) with the same ID in the scheduling cell. In addition, since current existing cross-carrier scheduling mechanism considers one scheduled cell being scheduled by only one scheduling cell, introducing sSCell scheduling PCell/PSCell may lead to that one scheduled cell, e.g. the PCell/PSCell, is scheduled by two scheduling cells, e.g. the PCell/PSCell and the sSCell. 
Once overbooking happens, i.e. blind decoding attempts or number of CCEs of PDCCH exceeds what UE can afford for a scheduled cell in a slot, selection between search spaces (SSs) should be performed for determining which USS(s) will be monitored or which USS(s) will not be monitored. However, it may be infeasible because USSs from PCell/PSCell and sSCell for one scheduled cell may have same search space ID, and thus, UE cannot compare. Consequently, UE and network may have different understandings on which USS(s) will be dropped, such that the UE may monitor a USS where no PDCCH is transmitted from the network, and the UE may drop monitoring a USS where PDCCH(s) is transmitted from the network. Hence, in order to improve scheduling efficiency and reduce ambiguity between the network and the UE, it needs some study on how to handle search space dropping due to overbooking for the scheduled PCell/PSCell, when cross-carrier scheduling from sSCell to PCell/PSCell is configured.  
Observation 1: For NR Rel-15/16 cross-carrier scheduling mechanism, search spaces with the same search space ID on a scheduled cell and a scheduling cell are linked to each other. 
Observation 2: Because USSs from two scheduling cells for one scheduled cell may have the same search space ID, a UE cannot compare these USSs for prioritizing search space monitoring when overbooking happens. 

 When the UE faces overbooking issue in a slot, we see some possible alternatives to handle it. 
· Alternative 1: Always prioritize either PCell/PSCell or sSCell. 
For example, the UE always prioritizes search spaces on PCell/PSCell over search spaces on sSCell. 
· Alternative 2: Prioritize based on a search space prioritizing pattern for PCell/PSCell and sSCell. 
The UE applies a certain search space prioritizing pattern by sequentially ordering USSs on PCell/PSCell and USSs on sSCell. For example, the search space prioritizing pattern can be like {P, S, P, S, P…}, where P denotes a USS on PCell/PSCell and S denotes a USS on sSCell. 
Proposal 1: To handle overbooking issue for SCell scheduling PCell/PSCell, consider one of following alternatives: 
    - Alternative 1: Always prioritize either PCell/PSCell or sSCell. 
- Alternative 2: Prioritize based on a search space prioritizing pattern for PCell/PSCell and sSCell. 
2.2 Search space related to beam failure recovery
According to RAN1 #103-e and RAN1 #104-e Chairman’s Notes [3][4], some progress are quoted below.

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

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.

Agreement
· When CCS from sSCell to PCell/PSCell is configured, UE monitors ‘DCI formats 0_0 and 1_0 in CSS that schedule PDSCH/PUSCH on PCell/PSCell’ only on the PCell/PSCell and not on the sSCell

In NR Rel-15/16, when beam failure on PCell/PSCell occurs, the UE should monitor for a PDCCH transmission identified by the C-RNTI on search space indicated by recoverySearchSpaceId of the PCell/PSCell. 
However, when cross-carrier scheduling from sSCell to PCell/PSCell is configured, it is not yet decided on which cell the UE should monitor for gNB response. Although it seems possible to configure a search space indicated by recoverySearchSpaceId on sSCell, we think the search space for gNB response is better to be configured still on the PCell/PSCell based on the following considerations.
(1) The sSCell may be deactivated.
(2) Type 1 CSS, which is the search space for RACH procedure, is monitored only on PCell/PSCell.
(3) The sSCell may also encounter beam failure condition.
(4) UE monitors gNB response based on identified beam for beam failure recovery request.
Therefore, we propose that when cross-carrier scheduling from sSCell to PCell/PSCell is configured, UE still monitors recoverySearchSpaceId on the PCell/PSCell.
Proposal 2: When cross-carrier scheduling from sSCell to PCell/PSCell is configured, UE still monitors recoverySearchSpaceId on the PCell/PSCell. 

2.3 Beam failure recovery procedures for the sSCell
NR supports beam operations for a cell to enhance cell coverage and reception/transmission reliability. To maintain beam operation, beam failure recovery (BFR) mechanisms are designed and performed when UE beam failure is detected for a cell. 
In NR Rel-15, UE would attempt to recover beam failure on PCell/PSCell by triggering RACH procedure. In NR Rel-16, when beam failure occurs on a SCell, UE would transmit BFR MAC CE on PUSCH for indicating candidate beams and the SCell that encounters beam failure. When it comes to DSS framework, once the sSCell encounters beam failure, which procedure (based on RACH procedure or based on transmitting BFR MAC CE on PUSCH) for UE to recover the sSCell from beam failure needs further study. 
Proposal 3: When cross-carrier scheduling from sSCell to PCell/PSCell is configured, RAN1 studies BFR operations/mechanism for the sSCell. 

3. Conclusion
According to the discussion mentioned above, we have the following proposals. 
Observation 1: For NR Rel-15/16 cross-carrier scheduling mechanism, search space with same search space ID in scheduled cell and scheduling cell are linked to each other. 
Observation 2: Because USSs from two scheduling cells for one scheduled cell may have the same search space ID, a UE cannot compare these USSs for prioritizing when overbooking happens.
Proposal 1: To handle overbooking issue for SCell scheduling PCell/PSCell, consider one of following alternatives: 
    - Alternative 1: Always prioritize either PCell/PSCell or sSCell. 
- Alternative 2: Prioritize based on a search space prioritizing pattern for PCell/PSCell and sSCell. 
Proposal 2: When cross-carrier scheduling from sSCell to PCell/PSCell is configured, UE still monitors recoverySearchSpaceId on the PCell/PSCell. 
Proposal 3: When cross-carrier scheduling from sSCell to PCell/PSCell is configured, RAN1 studies BFR operations/mechanism for the sSCell. 
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