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Introduction
Following is the objective of the WID for Rel.17 DSS enhancements [1].
	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



In this contribution, we share our views on cross-carrier scheduling from an SCell to the PCell.
Cross-carrier scheduling from an SCell to the PCell/PSCell
Target scenarios
Typical operational frequency bands for DSS are low bands where the SCS 15kHz is used for NR. This type of carriers is useful as “anchor” to ensure basic connectivity, coverage, and mobility for both LTE UEs and NR UEs and hence is likely to be used as a DSS carrier. In case of carrier aggregation for a UE, the “anchor” carrier is configured as the PCell.
In general, the available radio resources are split into LTE and NR on a DSS carrier and hence, a DSS carrier suffers from a lack of resources for a given RAT. Considering that in many cases there are more NR carriers available on the other band(s) that does not require DSS operation, e.g., mid band, it is beneficial to enable cross-carrier scheduling from an SCell on a mid band to the PCell on a DSS operated low band. Since the carrier on a mid band may use higher SCS, e.g., 30kHz, the cross-carrier scheduling from an SCell to the PCell/PSCell should allow different numerologies between the SCell and the PCell/PSCell.
Proposal 1: Cross-carrier scheduling from an SCell to the PCell/PSCell should support SCS 30kHz or 15kHz for the SCell (= scheduling cell) and SCS 15kHz for the PCell/PSCell (= scheduled cell).

Design framework
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 an SCell to the PCell/PSCell in Rel.17, the same framework should be applied. In particular, following aspects should be the same as in the legacy cross-carrier scheduling operations.
· Cross-carrier scheduling from an SCell to the PCell/PSCell is only for non-fallback DCI with CIF field on USS.
· The cross-carrier scheduling uses 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 an SCell to the PCell/PSCell based on n_CI of the hash function unless search space sharing is enabled, where the n_CI is the value of CIF.
· If the PCell PDSCH and the SCell PDCCH use different SCSs, PDSCH preparation time introduced in Rel.16 shall be ensured.

Proposal 2: Re-use existing cross-carrier scheduling framework:
· Cross-carrier scheduling from an SCell to the PCell/PSCell is only for non-fallback DCI formats with CIF field that are monitored on the UE-specific search spaces
· The cross-carrier scheduling uses 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 an SCell to the PCell/PSCell based on n_CI of the hash function unless search space sharing is enabled, where n_CI is the value of the CIF.
· If the PCell PDSCH and the SCell PDCCH use different SCSs, PDSCH preparation time introduced in Rel.16 shall be ensured

On the other hand, the new scenario brings an additional open issue: handling of common search spaces. In the legacy cross-carrier scheduling, common search spaces are kept on the PCell, and for each scheduled cell, there was only one scheduling cell. However, this will be no longer the case in the scenario of cross-carrier scheduling from an SCell to the PCell/PSCell.
Since the common search spaces in the PCell/PSCell offers essential functionalities for connectivity (e.g., system information, paging, random access, fallback operation, hypothetical BLER calculation for RLF), keeping the common search spaces in the PCell/PSCell is still necessary. Eventually, there will be a new case: for a given scheduled cell (= PCell/PSCell), there are more than one scheduling cells.
However, same as for the legacy cross-carrier scheduling scenarios, it should be guaranteed that for a scheduled cell, there is only one scheduling cell for unicast data. In the example of Fig. 1, only the PDCCH candidates on the scheduling SCell should be available to schedule a unicast data on the PCell/PSCell. Based on the higher-layer configuration, the UE should be able to identify from which serving cell the UE will get a scheduling grant for unicast PDSCH/PUSCH on the PCell/PSCell. For non-unicast PDSCH/PUSCH on the PCell/PSCell, the handling can be kept unchanged, i.e., on FR1, the UE is able to receive a PDSCH with C-RNTI and another PDSCH with SI-RNTI that partially or fully overlap in time in non-overlapping PRBs during a process of P-RNTI triggered SI acquisition.

[image: ]
Fig. 1	Cross-carrier scheduling from an SCell to the PCell.

Proposal 3: Keep CSS monitoring on the PCell/PSCell, so that the UE behaviors on system information reception, paging, fallback ,RLF, etc are kept unchanged.
· Unicast data scheduling on the PCell/PSCell should be done by the scheduling SCell

It should be the common understanding that no more than one scheduling SCell is necessary for the PCell/PSCell. As long as the motivation of this cross-carrier scheduling configuration is the DSS operation on the carrier for the PCell/PSCell, it is sufficient to configure only one SCell as the scheduling cell for the PCell/PSCell. 
Proposal 4: Only one SCell can be the scheduling cell for the PCell/PSCell.

Blind decoding aspects
The new scenario depicted in Fig. 1 brings one more open issue, that is regarding PDCCH blind decoding, e.g., BD/CCE counting/budgets. Unlike legacy releases, there can be two scheduling cells for scheduling on the PCell/PSCell. It is important to make sure that the numbers of BDs/CCEs are capped for each scheduled cell, so that the UE can manage a number of blind decodings if the number of parallel decoders is limited. 
It is reasonable to cap the total numbers of BDs/CCEs for the PDCCH candidates over the two scheduling cells by the per-carrier budgets, since the PDCCH candidates over the two scheduling cells are for one scheduled cell. NW should take care of search space set configurations across the two scheduling cells, so that the total numbers of BDs/CCEs across the two scheduling cells do not exceed per-carrier budgets (i.e., no PDCCH overbooking shoud be required).
Proposal 5: Limit the total numbers of BDs/CCEs for the PDCCH candidates for scheduling PCell/PSCell across the two scheduling cells by the per-carrier budgets. NW should take care of higher-layer configurations across the two scheduling cells such that the total numbers of BDs/CCEs across the two scheduling cells do not exceed per-carrier budgets (i.e., no PDCCH overbooking should be required).

Conclusion
[bookmark: _Ref450583331]In this contribution, we provided our views on cross-carrier scheduling from an SCell to the PCell/PSCell and proposed the following.
Proposal 1: Cross-carrier scheduling from an SCell to the PCell/PSCell should support SCS 30kHz or 15kHz for the SCell (= scheduling cell) and SCS 15kHz for the PCell/PSCell (= scheduled cell).

Proposal 2: Re-use existing cross-carrier scheduling framework:
· Cross-carrier scheduling from an SCell to the PCell/PSCell is only for non-fallback DCI formats with CIF field that are monitored on the UE-specific search spaces
· The cross-carrier scheduling uses 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 an SCell to the PCell/PSCell based on n_CI of the hash function unless search space sharing is enabled.
· If the PCell PDSCH and the SCell PDCCH use different SCSs, PDSCH preparation time introduced in Rel.16 shall be ensured

Proposal 3: Keep CSS monitoring on the PCell/PSCell, so that the UE behaviors on system information reception, paging, fallback ,RLF, etc are kept unchanged.
· Unicast data scheduling on the PCell/PSCell should be done by the scheduling SCell

Proposal 4: Only one SCell can be the scheduling cell for the PCell/PSCell.

Proposal 5: Limit the total numbers of BDs/CCEs for the PDCCH candidates for scheduling PCell/PSCell across the two scheduling cells by the per-carrier budgets. NW should take care of higher-layer configurations across the two scheduling cells such that the total numbers of BDs/CCEs across the two scheduling cells do not exceed per-carrier budgets (i.e., no PDCCH overbooking should be required).
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