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Introduction
During RAN 86 meeting, a new WID on NR Dynamic spectrum sharing (DSS) was approved [1]. Some initial agreements were achieved in RAN1 102e meeting.
Agreements:
· Following scheduling combinations are allowed/not allowed when cross-carrier scheduling from an SCell to PCell/PSCell is configured
· self-scheduling on PCell/PSCell is allowed
· cross-carrier scheduling from PCell/PSCell to another SCell is not allowed
· self-scheduling on the ‘SCell used for scheduling PCell/PSCell’ is allowed
· cross-carrier scheduling from the ‘SCell used for scheduling PCell/PSCell’ to another serving cell is allowed
· 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
Agreement:
· Configuring 2 or more Scells to schedule the PCell/PSCell is not allowed.

This contribution provides some further considerations on cross-carrier scheduling from SCell to Pcell.
Discussion
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, only one SCell can schedule P(S)cell, and this Scell index is explicitly configured.
Regarding cross-carrier scheduling from SCell 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.
Key points for CCS from SCell to P(S)cell 
PDCCH capacity limits of P(S)cell is the main reason for introducing this cross-carrier scheduling from SCell to Pcell. Thus a SCell of relative unoccupied PDCCH payload is preferred. From this sight, one SCell is enough for cross-carrier scheduling. So we propose the Scell index is explicitly configured. 
Proposal 2. For cross-carrier scheduling from SCell to Pcell, the Scell index is explicitly configured.
For the SCell which can schedule P(S)cell, a specific (Alt 1) or a shared CIF (Alt 2) for P(S)cell is configured in CrossCarrierSchedulingConfig. 


Figure 1: an example for CIF for P(S)cell
If a specific CIF is supported, when the CIF is indicated in one DCI sent from this SCell, it means this DCI is for scheduling P(S)cell, which is similar as Rel-15/Rel-16 CIF mechanism. 
On the other hand, if a shared CIF is introduced, it implies this CIF can be used to schedule one SCell and P(S)cell. But one DCI is able to schedule one serving cell at one point. Obviously, this method should identify the SCell or P(S)cell using other ways. The share CIF is an existing CIF value. 
At same time these two CIF methods also impact other aspects for cross-carrier scheduling from SCell to Pcell, including the following aspects:
· Search spaces. 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. Compared with Alt 1, Alt 2 do not have this problem. Since P(S)cell share a same CIF with one SCell. No new CCE indexes is introduced. From this sight, Alt 2 has some advantages over Alt 1. 

[image: ]

· DCI format Sizes. For Alt 1, DCI format sizes are based on the configurations of P(S)cell. DCI format size are quite simply and clear. However, for Alt 2, DCI format sizes are either based on the configurations of SCell (Alt 2-1) or based on the configurations of P(S)cell (Alt 2-2). For Alt 2-1, some truncations and bits paddings may be needed for the DCI fields, which requires more specification works.
· PDCCH BD/non-overlapped CCEs. For Alt 1 and Alt 2-2, additional PDCCH BDs/non-overlapped CCEs are produced. These additional PDCCH BDs/non-overlapped CCEs should be calculated in one SCell or P(S)cell, which needs more discussion. However, there is no increment of PDCCH BD/non-overlapped CCEs for Alt 2-1. 
· DCI format budget. There are DCI sizes budgets limitations contain 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. But when the additional PDCCH BDs are contained in one SCell, the different DCI sizes with C-RNTI may be more than 3 for Alt 1 and Alt 2-2. For example, two DCI formats with C-RNTI for the SCell itself, and two DCI formats with C-RNTI for P(S)cell. It exceeds the DCI sizes budgets. Therefore DCI sizes budgets issue should be study for Alt 1 and Alt 2-2. Alt 2-1 does not have this problems.
A table summarizes the above issues below, and we propose to discuss the CIF related issues.
Table 1: Related issues of cross-carrier scheduling from SCell to Pcell
	
	Alt 1: A specific CIF
	Alt 2: A shared CIF

	
	
	Alt 2-2
	Alt 2-1

	Methods
	The CIF stands for P(S)cell only 
	The CIF stands for one SCell or P(S)cell.
 DCI format sizes are based on the configurations of P(S)cell.
	The CIF stands for one SCell or P(S)cell
DCI format sizes are based on the configurations of SCell

	Search spaces 
	Additional PDCCH BDs/CCEs corresponding to this new carrier indicator field value are increased if Rel-15 hash function is reused for the search spaces
	Additional PDCCH BDs corresponding DCI formats scheduling P(S)cell
	No increment of PDCCH BD/non-overlapped CCEs for the search spaces 

	DCI format Sizes
	DCI format sizes are based on the configurations of P(S)cell
	DCI format sizes are based on the configurations of SCell 

	PDCCH BD/non-overlapped CCEs
	Additional PDCCH BDs/non-overlapped CCEs should be calculated in one SCell or P(S)cell.
	No increment of PDCCH BD/non-overlapped CCEs. 

	DCI format budget 
	When the additional PDCCH BDs are contained in one SCell, the different DCI sizes with C-RNTI may be more than 3. 
	No impact to DCI format budget.



Proposal 3. Study the issues listed in the Table 1 for Scell CSS P(S)cell, including:
a) A specific CIF (Alt 1) or a shared CIF (Alt 2) can be configured for P(S)cell.
b) Search spaces related aspects, including hash function, search space sharing etc. 
c) DCI format Sizes
d) PDCCH BD/non-overlapped CCEs
e) DCI format budget
Search spaces of P(S)cell
When P(S)cell supports cross-carrier scheduling by SCell, 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 CORESET, which is same as Rel-15. For cross-carrier scheduling, a search space is associated with the CORESET on 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. 
Meanwhile, there are common search spaces and UE-specific search spaces. We prefer common search spaces still monitored in P(S)cell only. And UE-specific search spaces can be cross carrier scheduled.
Proposal 4. The set of search spaces used for cross-carrier scheduling can be separately configured from the search spaces used for self-scheduling.
Proposal 5. Only UE-specific search space sets are used for the case of PDCCH on SCell scheduling.
Restrictions of DCI from P(S)cell and DCI from Scell
[bookmark: _GoBack]One question 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.
Another question is whether PDCCHs of initial and retransmission scheduling can be in different serving cells. For example, the DCI of initial transmission comes from P(S)cell and the DCI of retransmission is from SCell. 
Proposal 6. Study the restrictions of DCI from P(S)cell and DCI from Scell:
a) Whether a UE can simultaneously receive unicast DCI from P(S)cell and unicast DCI from SCell for P(S)cell
b) Whether PDCCHs of Initial and retransmission scheduling DCIs can be in different serving cells
[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. For cross-carrier scheduling from SCell to Pcell, the Scell index is explicitly configured.
Proposal 3. Study the issues listed in the Table 1 for Scell CSS P(S)cell, including:
a) A specific CIF (Alt 1) or a shared CIF (Alt 2) can be configured for P(S)cell.
b) Search spaces related aspects, including hash function, search space sharing etc. 
c) DCI format Sizes
d) PDCCH BD/non-overlapped CCEs
e) DCI format budget
Proposal 4. The set of search spaces used for cross-carrier scheduling can be separately configured from the search spaces used for self-scheduling.
Proposal 5. Only UE-specific search space sets are used for the case of PDCCH on SCell scheduling.
Proposal 6. Study the restrictions of DCI from P(S)cell and DCI from Scell:
c) Whether a UE can simultaneously receive unicast DCI from P(S)cell and unicast DCI from SCell for P(S)cell
d) Whether PDCCHs of Initial and retransmission scheduling DCIs can be in different serving cells
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