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Introduction
During RAN 86 meeting, a new WID on NR Dynamic spectrum sharing (DSS) was approved [1]. Some agreements were achieved in 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’
[bookmark: _Hlk55846865]Conclusion
· 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:
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]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)

This contribution provides some further considerations on cross-carrier scheduling from SCell to Pcell.
Discussion
CCS configuration
In Rel-15&Rel-16 cross-carrier scheduling, one SCell can be scheduled by the P(S)cell or a SCell which is configured by higher layer signaling. For cross-carrier scheduling from SCell to Pcell, it was agreed that only one sSCell can schedule P(S)cell, and this sScell index is explicitly configured.
Regarding cross-carrier scheduling from sSCell to Pcell, it is proposed to use Rel-15&Rel-16 cross-carrier scheduling structure as the starting point.  
Proposal 1. Rel-15&Rel-16 cross-carrier scheduling framework can be used as the starting point for cross-carrier scheduling from SCell to Pcell.
CIF configuration
For the sSCell which can schedule P(S)cell, a specific CIF  for P(S)cell is configured in CrossCarrierSchedulingConfig. When the CIF is indicated in one DCI sent from the sSCell, it means this DCI is for scheduling P(S)cell, which is similar as Rel-15/Rel-16 CIF mechanism.


Figure 1: An example for CIF for P(S)cell
Proposal 2. An explicit CIF in CrossCarrierSchedulingConfig is configured for PCell/PSCell.
Search space sets configuration
When P(S)cell supports cross-carrier scheduling by sSCell, P(S)cell still can be self-scheduled, which means there are some search spaces for self-scheduled, and some are for cross-carrier scheduled. For self-scheduled, a search space is associated with its own CORESET located in P(S)cell, which is same as Rel-15. Regarding cross-carrier scheduling, search space sets are associated with the CORESET located in the scheduling SCell. We prefer the set of search spaces used for cross-carrier scheduling can be separately configured from the search spaces used for self-scheduling. 
Proposal 3. The set of search spaces used for cross-carrier scheduling can be separately configured from the search spaces used for self-scheduling.
Search space hash function
If the UE is configured with a specific CIF value by CrossCarrierSchedulingConfig for the P(S)cell, additional CCEs/PDCCH candidates corresponding to this new carrier indicator field value are increased if Rel-15 hash function is reused for the search spaces. Because the new CIF value is different from the other exiting CIF values for SCells, new CCE indexes can be generated by the following hash function.
[image: ]
Proposal 4. Reuse the current hash function mechanism based on the CIF for PCell/PSCell.
DCI format budget, number of CORESETs and Search space sets
There are DCI size budget limitations, containing the total number of different DCI sizes configured to monitor is no more than 4 for the cell, and the total number of different DCI sizes with C-RNTI configured to monitor is no more than 3 for the cell. All DCI formats configured for P(S)cell should consider the DCI formats both on P(S)Cell and sSCell. We prefer the total DCI formats monitored by UE should satisfy the current DCI format budget.
Meanwhile, a UE does not expected to be configured with more than 3 CORESETs and 10 search space sets per BWP per serving cell. We think this is still valid when CSS from sSCell to PCell/PSCell. 
Proposal 5. The Total number of DCI format sizes, CORESETs and search space sets consist of two parts on P(S)cell and sScell.
Proposal 6. DCI format budget, maximum number of CORESETs and search space sets can be configured per BWP for P(S)cell should be maintained as Rel-15/Rel-16.
[bookmark: _Hlk48495068]Search Space and DCI format handling 
DCI formats 0_0 and 1_0 for scheduling PDSCH/PUSCH on PCell/PSCell in CSS or USS
Considering DCI formats 0_0 and 1_0 do not have carrier indicator field, they cannot support cross carrier scheduling based on the current configuration. Because sScell has its own DCI format 0_0 and 1_0, it is impossible to distinguish its own DCIs or PCell/PSCell’s DCIs. Therefore, we proposal UE monitors DCI formats 1_0 and 0_0 in both CSS sets and USS sets only on the PCell/PSCell and not on the sSCell.
Proposal 7. UE monitors DCI formats 1_0 and 0_0 in both CSS sets and USS sets only on the PCell/PSCell and not on the sSCell.
DCI Format 2_6 handling
Regarding DCI format 2_6, it is used for notifying the power saving information, including wake up before DRX on duration for all serving cells and dormancy BWP switching for Scells. This DCI format 2_6 is only configured and monitored on Pcell/PSCell. 
From our perspective, UE monitors DCI formats 2_6 still only on the PCell/PSCell and not on the sSCell. Because if DCI format 2_6 is configured in sScell and it is switched into dormancy BWP by DCI format 2_6, there is no more wake up signalling before sScell switched to non-dormancy BWP. Less power saving effect can be achieved for all serving cells. Thus, considering wake up signalling function of DCI format 2_6, we propose a UE monitors DCI formats 2_6 only on the PCell/PSCell and not on the sSCell.
Proposal 8. UE monitors DCI formats 2_6 only on the PCell/PSCell and not on the sSCell.
DCI format 1_X and DCI 0_X handling
For DCI format 1_X and 0_X, some alternatives were given at RAN1 103e. 
Regarding Alt 1 and Alt 2, we do not prefer the restriction of USS only on sSCell of Alt 1. First, it might create many fallback issues for PDCCH. For example, sScell is deactivated by MAC-CE or switched into dormancy BWP. In those cases, USS sets cannot be monitored. It reduces the PDCCH scheduling. Next, the search space configurations can be up to network. While PDCCH capacity of PCell/PScell satisfy part of USS sets, they can be configured and monitored on PCell/PSCell. Thus it is too restricted if Alt 1 is supported. We suggest Alt 2 for further study.
Proposal 9. For DCI format 1_X and 0_X, Alt 2 can be for further study.
Among the four alternatives of Alt 2, we support Alt 2-2 can be used for further consideration. 
First, it has more flexibility as shown in the following table, which summarizes the impacts of sSCell activation/deactivation and sSCell dormancy for each alternative. Such as when sSCell is activation or in non-dormancy BWP, UE can monitoring USS sets in sSCell which can increase the PDCCH capacity on PCell/PSCell. Otherwise, when sScell is deactivated or switched into dormancy BWP, UE can monitoring USS sets on PCell/PSCell. Considering PDCCH capacity limits, these USS sets can with less PDCCH candidates or smaller aggregation levels. 
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Second, Alt 2-4 needs more clarification. Form our understanding, it aims to have no impact to BD/CCE limits. From this sight, it may change into if Rel-15 PDCCH slot based monitoring, 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) in a slot simultaneously. If span-based PDCCH monitoring, it is more complex due to aligned and non-aligned span cases. 
Third, Alt 2-3/2-4 do not reduce the complexity of PDCCH monitoring. They have got similar operations as Alt 2-1. They seem two special configuration as alt 2-1, which can be up to network implementation. From our perspective, they are with some configuration restrictions but without significant benefits. 
Above all, Alt 2-2 is the simplest PDCCH monitoring considering USS sets, and with enough flexibility for dynamic PDCCH monitoring on PCell/PSCell or on sSCell, which can be switched easily up to gNB indication. So we support Alt 2-2 for USS sets monitoring and switching. 
Table 1: Impacts of sSCell activation/deactivation and sSCell dormancy
	
	Alt 2-1
	Alt 2-2
	Alt 2-3
	Alt 2-4

	Impact of sSCell is deactivation and sSCell is switched into dormancy BWP
	No PDCCH monitoring on sSCell when it is deactivation or in dormancy BWP.
	No PDCCH monitoring on sSCell.
	The DCI formats on sSCell USS sets stopped to monitoring.
	The PDCCH monitoring occasions on sSCell stopped to monitoring.

	
	No impact of USS sets monitoring on PCell/PSCell.
	PDCCH monitoring is dynamic switched into PCell/PSCell USS sets
	Only the DCI formats configured on PCell/PSScell can be monitored.
	No impact of PDCCH monitoring on PCell/PSCell.



Proposal 10. Support Alt 2-2 of DCI format 1_X and DCI 0_X handling for further study.
BD/CCE limit handling
Regarding BD/CCE limit handling when CCS from sSCell to PCell/PSCell, we support both BDs and non-overlapped CCEs on PCell and sSCell are considered for PCell. It means two parts of BD/CCE, one from PCell/PSCell and the other part from sScell. This is quite different from the definition and calculations of previous BD/CCE limits. Since some CSS sets are always on PCell/PSCell, some USS sets or CSS sets may be configured on sSCell, the impact of BD/CCE limit handling is valid for each alternatives we discussed above. 
We suggest there is no overbooking on sSCell, including the part of BD/CCE for PCell/PSCell, still there allows overbooking on PCell/PSCell only. Based on this overbooking limits, BDs/CCEs of PCell/PScell which is self-scheduled should take into account, the other BDs/CCEs part which is cross carrier scheduled can be guaranteed by network configuration. 
Proposal 11. Support both BDs and non-overlapped CCEs on PCell and sSCell are considered for PCell.
Proposal 12. Support no overbooking on sSCell, including the part of BD/CCE for PCell/PSCell. Support overbooking on PCell/PSCell only.
Restrictions of DCI from P(S)cell and DCI from Scell
First issue is out of order scheduling between a) PDSCH/PUSCH on PCell/PSCell scheduled by PDCCH on PCell/PSCell and b) PDSCH/PUSCH on PCell/PSCell scheduled by PDCCH on sSCell. We propose no out of order is supported. Since the scheduling order has great impact to UE implementation, meanwhile it has no benefit for DSS scheduling. 
Second issue is whether a UE can simultaneously receive unicast DCI from P(S)cell and unicast DCI from SCell for P(S)cell. Obviously, this will increase the complexity of UE implementation. And in our understanding, it goes against the main purpose of DSS.
Proposal 13. Study the restrictions of DCI from P(S)cell and DCI from Scell:
a) No order of out scheduling between a) PDSCH/PUSCH on PCell/PSCell scheduled by PDCCH on PCell/PSCell and b) PDSCH/PUSCH on PCell/PSCell scheduled by PDCCH on sSCell
b) A UE does not need to simultaneously receive unicast DCI from P(S)cell and unicast DCI from SCell for P(S)cell
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following observations and proposals.
Proposal 1. Rel-15&Rel-16 cross-carrier scheduling framework can be used as the starting point for cross-carrier scheduling from SCell to Pcell.
Proposal 2. An explicit CIF in CrossCarrierSchedulingConfig is configured for PCell/PSCell.
Proposal 3. The set of search spaces used for cross-carrier scheduling can be separately configured from the search spaces used for self-scheduling.
Proposal 4. Reuse the current hash function mechanism based on the CIF for PCell/PSCell.
Proposal 5. The Total number of DCI format sizes, CORESETs and search space sets consist of two parts on P(S)cell and sScell.
Proposal 6. DCI format budget, maximum number of CORESETs and search space sets can be configured per BWP for P(S)cell should be maintained as Rel-15/Rel-16.
Proposal 7. UE monitors DCI formats 1_0 and 0_0 in both CSS sets and USS sets only on the PCell/PSCell and not on the sSCell.
Proposal 8. UE monitors DCI formats 2_6 only on the PCell/PSCell and not on the sSCell.
Proposal 9. For DCI format 1_X and 0_X, Alt 2 can be for further study.
Proposal 10. Support Alt 2-2 of DCI format 1_X and DCI 0_X handling for further study.
Proposal 11. Support both BDs and non-overlapped CCEs on PCell and sSCell are considered for PCell.
Proposal 12. Support no overbooking on sSCell, including the part of BD/CCE for PCell/PSCell. Support overbooking on PCell/PSCell only.
Proposal 13. Study the restrictions of DCI from P(S)cell and DCI from Scell:
a) [bookmark: _GoBack]No order of out scheduling between a) PDSCH/PUSCH on PCell/PSCell scheduled by PDCCH on PCell/PSCell and b) PDSCH/PUSCH on PCell/PSCell scheduled by PDCCH on sSCell
b) A UE does not need to simultaneously receive unicast DCI from P(S)cell and unicast DCI from SCell for P(S)cell
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