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1. Background
In this contribution, we propose a couple of corrections and clarifications regarding Rel-17 DSS cross-carrier scheduling from a SCell to PCell/PSCell.

2. Remaining issues

Issue 1: Values of scaling factor a (values for ccs-BlindDetectionSplit-r17 [1])
For BD/CCE splitting between P(S)Cell and sSCell (for P(S)Cell scheduling), use of a RRC parameter having 8 values was agreed. The values have to be finalized in RAN1. 

The feature cross-carrier scheduling from SCell to PCell/PSCell is configured for a UE with a DSS carrier configured as the PCell/PSCell when the PCell/PSCell PDCCH capacity is limited due to co-existence with LTE-CRS/LTE-PDCCH on the carrier. With this in mind, the maximum value of the scaling factor a does not need to be large, i.e., 0.5 would be sufficient. On the other hand, due to the PCell/PSCell operation, minimum necessary amount of BDs/CCEs for CSS sets has to be kept on the PCell/PSCell. This can be 6 BDs with 8 CCEs (corresponding to Type-0/0A/2 CSS sets associated with CORESET #0 of 48 RBs and 1-symbol duration), which is enabled by the scaling actor a = 0.15 when the UE does not report pdcch-BlindDetectionCA.

Between the max and min values, some intermediate values should be defined. For example, the values {0.15, 0.22, 0.3, 0.43, 0.5, reserved, reserved, reserved} can realize the following CCE/BD split to PCell/PSCell and sSCell. The values offer reasonable numbers of non-overlapped CCEs on the PCell/PSCell when per-SCS limit is not applied. When per-SCS limit is applied (i.e., when the UE reports pdcch-BlindDetectionCA), the numbers of BDs/CCEs on the PCell/PSCell is lesser. However, still the values would be sufficient. Below, two tables show (1) Case 1: per-SCS limit is not applied and (2) Case 2: the UE reports pdcch-BlindDetectionCA = 4 and the UE is configured with DL-CA of {15kHz x 1CC, 30kHz x 1CC, 120kHz x 4CCs}.

	Case 1: per-SCS limit is not applied

	Scaling factor a
	PCell/PSCell
	sSCell (for CCS to PCell/PSCell)

	
	BD
	CCE
	BD
	CCE

	0
	44
	56
	-
	-

	0.15
	6
	8
	37
	47

	0.22
	9
	12
	34
	43

	0.3
	13
	16
	30
	39

	0.43
	18
	24
	25
	31

	0.5
	22
	28
	22
	28

	Reserved
	-
	-
	-
	-

	Reserved
	-
	-
	-
	-

	Reserved
	-
	-
	-
	-



	Case 2: pdcch-BlindDetectionCA = 4 with {15kHz x 1CC, 30kHz x 1CC, 120kHz x 4CCs}

	Scaling factor a
	PCell/PSCell
	sSCell (for CCS to PCell/PSCell)

	
	BD
	CCE
	BD
	CCE

	0
	29
	37
	-
	-

	0.15
	4
	5
	24
	31

	0.22
	6
	8
	22
	28

	0.3
	8
	11
	20
	25

	0.43
	12
	15
	16
	21

	0.5
	14
	18
	14
	18

	Reserved
	-
	-
	-
	-

	Reserved
	-
	-
	-
	-

	Reserved
	-
	-
	-
	-



Proposal 1:
· The values of the scaling factor a (= ccs-BlindDetectionSplit-r17) are {0.15, 0.22, 0.3, 0.43, 0.5, reserved, reserved, reserved}


Issue 2: Clarification on “enableDefaultBeamForCCS”
In the 38.331 running CR [1], RAN2 has a question on the parameter enableDefaultBeamForCCS in the RRC IE crossCarrierSchedulingConfig:
	enableDefaultBeamForCCS
This field indicates whether default beam selection for cross-carrier scheduled PDSCH is enabled, see TS 38.214 [19]. If not present, the default beam selection behaviour is not applied, i.e. Rel-15 behaviour is applied.
· Editor’s note: It is not clear to which cell this parameter can be configured, e.g., in a cross-carrier scheduled SCell, in a cross-carrier scheduled SpCell, or both. The assumption is that the configuration restriction is captured in RAN1 specs (as was in the Rel-16), and it is up-to RAN1 to decide/indicate if a further RRC field description clarification is needed.




Our understanding is that the above can be same as in Rel-16. I.e., enableDefaultBeamForCCS can be configured in crossCarrierSchedulingConfig in the scheduled cell. 

Proposal 2:
· For a UE configured with cross-carrier scheduling from a SCell to PCell/PSCell, enableDefaultBeamForCCS can be configured in crossCarrierSchedulingConfig in the PCell/PSCell, which configures default beam determination for a PDSCH on the PCell/PSCell scheduled by a PDCCH on the sSCell.


Issue 3: Clarification on whether a search space set is to be monitored on the PCell/PSCell 
For legacy cross-carrier scheduling, the search space sets configured on a non-scheduling cell (configured on a scheduled cell) are not monitored. These are configured just for providing the number of PDCCH candidates per AL monitored on the linked search space sets on the scheduling cell. 

For cross-carrier scheduling from a SCell to PCell/PSCell, RAN1 has decided to use the same framework. However, unlike legacy cross-carrier scheduling, the UE has to monitor search space sets still on the PCell/PSCell, although crossCarrierSchedulingConfig in the PCell/PSCell indicates that the PCell/PSCell is a scheduled cell.

For cross-carrier scheduling from a SCell to PCell/PSCell, there should be three categories of search space sets:
· Category 1: Search space sets that are configured and monitored on the PCell/PSCell (for self-scheduling)
· Category 2: Search space sets that are configured and monitored on the sSCell (for cross-carrier scheduling to the PCell/PSCell)
· Category 3: Search space sets that are configured to inform the number of PDCCH candidates per AL monitored on the linked search space set on the sSCell (not monitored on the PCell/PSCell)

Currently, it is not clear which search space sets on the PCell/PSCell are monitored. We propose to clarify in the spec how to determine which search space sets belong to category 1 and category 3. This clarification may need to be done in the RAN2 spec but should be agreed in RAN1 first.

Several options can be considered:
· Option 1: A search space set configured on the PCell/PSCell with the search space ID linked to a search space set configured on the sSCell is considered as the category 3 and hence is not monitored on the PCell/PSCell
· Option 2: A search space set configured on the PCell/PSCell with the search space ID linked to a search space set configured on the sSCell with the absence of necessary (but optional) parameter(s) (e.g., associated CORESET-ID) in the SearchSpace is considered as the category 3 and hence is not monitored on the PCell/PSCell
Option 1 would work with possibly causing restriction/shortage of search space IDs. With Option 2, linked search space IDs can still be used on the PCell/PSCell for category 1 as long as some necessary (but optional) parameter(s) in the RRC IE SearchSpace (e.g., CORESET-ID) is absent. We think Option 2 is more flexible.

Now, RRC IE SearchSpace in TS 38.331 has the following description. The yellow part has to be updated anyway for Rel-17 DSS. Once RAN1 agrees the above clarification (either Option 1 or Option 2), RAN1 should ask RAN2 to reflect it together with correcting the yellow part.
	[bookmark: _Toc60777372][bookmark: _Toc90651244]–	SearchSpace
The IE SearchSpace defines how/where to search for PDCCH candidates. Each search space is associated with one ControlResourceSet. For a scheduled cell in the case of cross carrier scheduling, except for nrofCandidates, all the optional fields are absent (regardless of their presence conditions).
[…]

	searchSpaceId
Identity of the search space. SearchSpaceId = 0 identifies the searchSpaceZero configured via PBCH (MIB) or ServingCellConfigCommon and may hence not be used in the SearchSpace IE. The searchSpaceId is unique among the BWPs of a Serving Cell. In case of cross carrier scheduling, search spaces with the same searchSpaceId in scheduled cell and scheduling cell are linked to each other. The UE applies the search space for the scheduled cell only if the DL BWPs in which the linked search spaces are configured in scheduling cell and scheduled cell are both active.
For an IAB-MT, the search space defines how/where to search for PDCCH candidates for an IAB-MT. Each search space is associated with one ControlResearchSet. For a scheduled cell in the case of cross carrier scheduling, except for nrofCandidates, all the optional fields are absent.






Proposal 3:
· A search space set configured on the PCell/PSCell with the search space ID linked to a search space set configured on the sSCell with the absence of necessary (but optional) parameter(s) (e.g., associated CORESET-ID) in the SearchSpace is not monitored on the PCell/PSCell


Issue 4: Clarification on out-of-order scheduling
RAN1 has agreed following:
	Agreement
When CCS from sSCell to PCell/PSCell is configured, 
· Out of order scheduling is not allowed between a) PDSCH on PCell/PSCell scheduled by PDCCH on PCell/PSCell and b) PDSCH on PCell/PSCell scheduled by PDCCH on sSCell 
· Out of order scheduling is not allowed between a) PUSCH on PCell/PSCell scheduled by PDCCH on PCell/PSCell and b) PUSCH on PCell/PSCell scheduled by PDCCH on sSCell 
FFS: Whether this agreement requires RAN1 specification impact.



In the current spec, the restrictions on out-of-order scheduling are captured as follows.
	[bookmark: _Toc11352080][bookmark: _Toc20317970][bookmark: _Toc27299868][bookmark: _Toc29673133][bookmark: _Toc29673274][bookmark: _Toc29674267][bookmark: _Toc36645497][bookmark: _Toc45810542][bookmark: _Toc90388029]5.1	UE procedure for receiving the physical downlink shared channel
[…]
For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i.


[bookmark: _Toc11352138][bookmark: _Toc20318028][bookmark: _Toc27299926][bookmark: _Toc29673199][bookmark: _Toc29673340][bookmark: _Toc29674333][bookmark: _Toc36645563][bookmark: _Toc45810608][bookmark: _Toc90388095]6.1	UE procedure for transmitting the physical uplink shared channel
[…]
Except for the case when a UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet for the active BWP of a serving cell and PDCCHs that schedule two non-overlapping in time domain PUSCHs are associated to different ControlResourceSets having different values of coresetPoolIndex, for any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i.




The above description uses symbol indexes i and j. For legacy self-/cross-carrier scheduling, this works well since there is only one scheduling cell for a given scheduled cell. However, for cross-carrier scheduling from sSCell to PCell/PSCell, for a given scheduled cell, there are two scheduling cells and these can be with different subcarrier spacings. Therefore, symbol index i should be for a particular cell.

We propose to clarify that the “symbol i” is “symbol i of the scheduled cell”. The change can be either from Rel-17 or from previous releases.

Proposal 4:
· Adopt the following TP in TS 38.214
	5.1	UE procedure for receiving the physical downlink shared channel
[…]
For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i of the scheduled cell, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i of the scheduled cell.


6.1	UE procedure for transmitting the physical uplink shared channel
[…]
Except for the case when a UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet for the active BWP of a serving cell and PDCCHs that schedule two non-overlapping in time domain PUSCHs are associated to different ControlResourceSets having different values of coresetPoolIndex, for any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol i of the scheduled cell, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i of the scheduled cell.





3. Conclusion
In this contribution, we proposed following for the remaining issues of cross-carrier scheduling from SCell to PCell/PSCell.

Proposal 1:
· The values of the scaling factor a (= ccs-BlindDetectionSplit-r17) are {0.15, 0.22, 0.3, 0.43, 0.5, reserved, reserved, reserved}

Proposal 2:
· For a UE configured with cross-carrier scheduling from a SCell to PCell/PSCell, enableDefaultBeamForCCS can be configured in crossCarrierSchedulingConfig in the PCell/PSCell, which configures default beam determination for a PDSCH on the PCell/PSCell scheduled by a PDCCH on the sSCell.

Proposal 3:
· A search space set configured on the PCell/PSCell with the search space ID linked to a search space set configured on the sSCell with the absence of necessary (but optional) parameter(s) (e.g., associated CORESET-ID) in the SearchSpace is not monitored on the PCell/PSCell

Proposal 4:
· Adopt the following TP in TS 38.214
	5.1	UE procedure for receiving the physical downlink shared channel
[…]
For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i of the scheduled cell, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i of the scheduled cell.


6.1	UE procedure for transmitting the physical uplink shared channel
[…]
Except for the case when a UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet for the active BWP of a serving cell and PDCCHs that schedule two non-overlapping in time domain PUSCHs are associated to different ControlResourceSets having different values of coresetPoolIndex, for any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol i of the scheduled cell, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i of the scheduled cell.
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