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Introduction
In RAN#86 a new work item on dynamic spectrum sharing (DSS) between LTE and NR was agreed to provide a smooth migration from LTE to NR [1]. The objective is to enhance PDCCH scheduling for cross-carrier scheduling including PDCCH of SCell scheduling PDSCH on PCell and single PDCCH scheduling PDSCH on multiple cells. This contribution discusses impact of supporting SCell DCI scheduling PCell and how to enable this feature.
Discussion
A work item to enhance the dynamic spectrum sharing between LTE and NR was approved in RAN#86 meeting. One of the objectives is to enhance PDCCH for cross-carrier scheduling to support a PDCCH of SCell scheduling PDSCH or PUSCH on PCell. The motivation of such enhancement is for the use case where NR PCell spectrum is within lower frequency range (FR1) and the spectrum is shared with LTE cell. A secondary cell within higher frequency range (FR2) can be configured and activated for NR UEs to increase the data rate. In that case, allowing SCell to schedule PCell can reduce the load on the downlink control channels of PCell and to take advantage of the available spectrum in the SCell.
To support cross carrier scheduling from SCell to PCell, two possible alternatives are available to enable this feature. First option could be to configure the UE semi-statically to monitor UE-specific search space sets on both PCell and SCell for possible scheduling on PCell. This option can increase the blind decoding effort. The increase of the blind decoding attempts does not allow increased throughput i.e. increasing the blind decoding only to serve PCell.

[bookmark: _GoBack]Observation 1:  Supporting scheduling PCell using downlink control channels of both SCell and PCell can increase the UE’s blind decoding effort.

A second option could be to configure the UE to monitor UE-specific search space set(s) only on SCell for scheduling on PCell. While this option can keep the blind decoding effort low, it can create a reliability issue for downlink control channels that schedule PCell. For example, the radio link quality of SCell can drop while the PCell radio link quality is still good. In that case, the UE cannot be scheduled on PCell using UE-specific search space sets and RRC reconfiguration is needed to configure a new search space set(s) on PCell. Relying on RRC configuration to solve this issue will increase the latency and may not be acceptable for certain type of services with low latency e.g. URLLC. Solutions to switch the UE to monitor UE-specific search space on PCell would be beneficial.

Observation 2:  SCell radio link quality impacts the reliability of the control channels scheduling PCell. 

To better support cross-carrier scheduling from SCell to PCell, the UE should be able to monitor search space set(s) on both SCell and PCell. It will avoid adding more delays and increasing the latency in case of bad radio link quality on SCell. The gNB can configure the UE with UE-specific search space sets on both PCell and SCell for scheduling on PCell. 

Proposal 1:    A UE can be semi-statically configured with search space set(s) on both SCell and PCell to schedule on PCell.

Allowing the configuration of UE-specific search space set(s) on two cells for PCell scheduling should not impact the blind decoding requirements of the UE. 

Proposal 2:    Cross-scheduling from SCell to PCell does not increase overall blind decoding requirements.

One potential solution to keep the blind decoding effort low is to reuse the existing overbooking rules. Configuring a UE with high number of PDCCH candidate and with a maximum number of monitored PDCCH candidates that is lower than the number of PDCCH candidate. The drawback of the overbooking solution is that the UE can have some configured search space sets on PCell and not used frequently to schedule the UE. For example, in scenario of high load on the shared spectrum of the cell, the UE-specific search space sets on PCell may not be used. To enable more efficient spectrum sharing, a dynamic indication of which search space set to monitor can be supported. We thus propose the following:

Proposal 3:    A UE can be dynamically indicated to only monitor a subset of the configured search space set(s)/downlink control channels.

To support a dynamic change of the monitored search space set(s) by the UE, NR Rel-16 search space monitoring enhancements can be used as a starting point. In NR-U, a search space sets group was introduced, where RRC configuration can associate a search space set to a group (two groups are supported). The search space sets groups belong to the same cell. Using a flag on the group common DCI, gNB can indicate to the UE which search space set group to monitor. This mechanism can be enhanced to indicate to the UE the search space set(s) to monitor within SCell and PCell. For example, a search space set group can be extended to support search space sets from different cell (i.e. in PCell and SCell).

Conclusion
In this contribution we discuss the support of SCell DCI scheduling PCell. The following observations and proposals are made: 
Observation 1:  Supporting scheduling PCell using downlink control channels of both SCell and PCell can increase the UE’s blind decoding effort.
Observation 2:  SCell radio link quality impacts the reliability of the control channels scheduling PCell. 
Proposal 1:    A UE can be semi-statically configured with search space set(s) on both SCell and PCell to schedule on PCell.
Proposal 2:    Cross-scheduling from SCell to PCell does not increase overall blind decoding requirements.
Proposal 3:    A UE can be dynamically indicated to only monitor a subset of the configured search space set(s)/downlink control channels.
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