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Introduction
A work item on dynamic spectrum sharing (DSS) between LTE and NR started to enable a scheduling SCell (sSCell) to schedule PDSCH/PUSCH on PCell/PSCell. In RAN1#103e meeting, UE specific search space monitoring on sSCell and PCell was discussed and a set of alternatives were captured for future discussion [2]. In this contribution we present our view on the DCI format 0_1, 1_1, 0_2, 1_2 monitoring on sSCell USS and PCell/PSCell USS.
Discussion
One of the objectives of the work item is enhancement of PDCCH for cross-carrier scheduling to support a PDCCH of SCell scheduling PDSCH or PUSCH on PCell/PSCell. During the RAN1#103e meeting, monitoring of UE-specific and common search space sets was discussed and the agreements can be found in the Appendix. When configuring sSCell to schedule a PCell, different alternatives for monitoring DCI format 0_1, 1_1, 0_2, 1_2 were discussed and captured in the agreement. 
With the first alternative (Alt 1), the UE can only monitor DCI format 0_1, 1_1, 0_2, 1_2 on the USS of the sSCell. 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/PSCell 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.
The second alternative (Alt 2) can provide more flexibility by allowing the monitoring on both sSCell and PCell/PSCell. It will avoid adding more delays and increasing the latency in case of bad radio link quality on SCell. Four sub-alternatives were captured in the agreement, each alternative having different impact on the search space monitoring effort:
· Alt 2-1 allows a UE to monitor DCI format 0_1, 1_1, 0_2, 1_2 on the USS of both sSCell and PCell/PSCell simultaneously. This approach 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. 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.
· Alt 2-2 consists on dynamic switching of DCI format 0_1, 1_1, 0_2, 1_2 monitoring between PCell/PSCell USS and sSCell USS to enable more efficient spectrum sharing while keeping the monitoring effort low. It allows reducing the load on the downlink control channels of PCell in dynamic manner to take advantage of the available spectrum in both PCell and SCell. For example, when the PCell is not experiencing high load, the gNB can switch the UE to monitor USS of PCell. When the load increases in PCell, the UE can be switched to sSCell quickly without adding more latency as opposed to RRC reconfiguration.
· Alt 2-3 consists on not monitoring the same DCI formats simultaneously on USS of PCell/PSCell and USS of sSCell. This option is also reducing the monitoring efforts. The drawback of this option is that the configuration is semi-static and cannot be changed dynamically to adapt with the load on the PCell/PSCell. 
· Alt 2-4 consist on not monitoring DCI format 0_1, 1_1, 0_2, 1_2 on both cells simultaneously. This option is a sub-option of Alt 2-3. The additional restriction over Alt 2-3 does not bring any clear benefits. 

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. All the sub-options of Alt 2 can, to some extent, reduce the monitoring behavior and solve the reliability issue of Alt.1. While Alt. 2-3 can reduce the monitoring effort, it doesn’t offer an efficient way to enable enhanced dynamic spectrum sharing. A way forward could be to combine Alt 2-2 with Alt 2-3 by supporting a dynamic change of the DCI format monitoring pattern between sSCell USS and PCell USS. 
Proposal 1:  A UE can dynamically switch monitoring DCI formats 0_1, 1_1, 0_2, 1_2 between PCell/PSCell USS sets and sSCell USS.

To support dynamic switching of PDCCH monitoring of DCI formats 0_1, 1_1, 0_2, 1_2 between monitoring on PCell USS and sSCell USS, 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 i.e. group 0 and group 1 with the default group is group 0). The UE can monitor only one group. To switch the monitoring between the two groups, two options are supported in Rel-16:
· Explicit approach: DCI format 2_0 transmitted in common search space can indicate which group to monitor by carrying an explicit bit.
· Implicit approach: UE switches to group 1 if it detects a scheduling activity on group 0.

When the UE changes to group 1, it starts a timer and when the timer expires, the UE switch back to group 0. The limitation of this mechanism is that the search space sets groups should belong to the same cell. This mechanism can be enhanced by allowing having the groups in different cells i.e. group 0 in the PCell/PSCell and group 1 in sSCell. The switching between the two groups can be carried by explicit indication in the DCI format 2_0 or based on the scheduling activity on group 0. 
Another alternative is to support a group having search space sets from different cells. For example, group 0 can have some search space sets in PCell/PSCell and some search space sets in sSCell.
Proposal 2:  Use search space sets groups to support the dynamic switching of monitoring DCI formats 0_1, 1_1, 0_2, 1_2 between PCell/PSCell USS sets and sSCell USS.
.
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Conclusion
In this contribution we discuss the different alternatives to support monitoring USS in both sSCell and PCell/PSCell. The following are proposed: 
Proposal 1:  A UE can dynamically switch monitoring DCI formats 0_1, 1_1, 0_2, 1_2 between PCell/PSCell USS sets and sSCell USS.
Proposal 2:  Use search space sets groups to support the dynamic switching of monitoring DCI formats 0_1, 1_1, 0_2, 1_2 between PCell/PSCell USS sets and sSCell USS.
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Agreements from RAN1#103e meeting:
	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’
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· 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)



Agreements from RAN1#102e meeting:
	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
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