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Introduction
[bookmark: _Hlk510705081]RAN#86 approved a DSS WI for Release 17 with the following objectives [1]:
	This work item is limited to FR1, and includes the following objectives for NR Dynamic Spectrum Sharing (DSS):
· PDCCH enhancements for cross-carrier scheduling including [RAN1, RAN2]
· PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell
· Study, and if agreed specify PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI
· The number of cells can be scheduled at once is limited to 2
· The increase in DCI size should be minimized
· [bookmark: _Hlk27038352]Note: The total PDCCH blind decoding budget should not be changed as a result of this work
· Note: These enhancements are not specific to DSS and are generally applicable to cross-carrier scheduling in carrier aggregation



With regard to the first part of the work item on “PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell” RAN1#102 reached the following agreements:
	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



This contribution addresses the remaining aspects of the “PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell”
Discussion
SS monitoring in the PCell and in the scheduling SCell
RAN1#102 agreed that:
· self-scheduling on PCell/PSCell is allowed.
· FFS: Search space and DCI format handling for the allowed cases above

For cross-carrier scheduling, it is obvious that the USS for scheduling the PCell must be monitored (at least) in the scheduling SCell:
Proposal 1: When the PCell is configured to be cross-carrier scheduled by an SCell, the UE monitors the cross-carrier scheduling PDCCH at least in the USS of the scheduling SCell.
· FFS monitoring USS also on Pcell

In addition, it is desirable to have at least the CSS type 3 for power control of the PCell configurable in the SCell so that all the normal operations of an ongoing connection can be handled via the SCell. This would not lead to any spec changes at least in the case that there is no uplink in the scheduling SCell as the CSS type 3 for DCI format 2_2/2_3 can be configured to an SCell, and there would be no ambiguity in determining which uplink the TPC commands relate to. Also DCI format 2_0 can be configured with content for one or more scheduled cells, and there is no ambiquity. 
Proposal 2: When the PCell is configured to be cross-carrier scheduled by an SCell, the UE can be configured to monitor the CSS type 3 for power control either in the PCell or in the SCell.
And finally, we think that CSS TYPE0/0A/1/2 should remain on the PCell only, for basic functionalities such as initial channel aceess, paging, BFR, RLM etc. This would be according to the current specifications and thus would limit the specification change needs.
Proposal 3: Configuration of TYPE0/0A/1/2 CSS on the SCell is not allowed.

When considering BD/CCE limits as defined currently, a PCell may be configured with more PDCCH candidates than the capability, i.e. overbooked. For the case when PCell is scheduled by both SCell and PCell, count BDs and CCEs across both scheduling cells. If SCS is different on Scell and Pcell, BD and CCE limits are determined based on higher SCS within a slot or sub-slot.
Proposal 4: BD/CCE limits are counted over both scheduling cells (PCell and SCell) and determined for scheduled PCell according to current specifications. 
· if scheduling PCell and SCell are of different SCS, the higher SCS is used for determination of scheduled cell BD/CCE limits, and
· overbooking is allowed.

With respect to “FFS monitoring USS also on PCell” of Proposal 1, in our opinion it is essential to support USS also on PCell. This serves as a fall-back for the case when UE runs out of coverage on SCell, link may continue on PCell (including non-fall-back DCI formats). In situations when scheduling cell fall-back happens, gNB may switch SearchSpace group and within 2ms move the majority of USS PDCCH candidates from Scell to Pcell. 
Proposal 5: To support SCell to PCell fallback also for non-fall-back DCI formats, support USS on both self-scheduling the PCell and on the X-scheduling SCell of a scheduled Pcell. R16 SS group switching feature may be used to dynamically share PDCCH monitoring candidates between Pcell and Scell.
DCI formats
The DCI format handling was left FFS in RAN1#102. Table #1 collects all the DCI formats specified in Rel-16 and their relation to the search spaces and possible limitation to PCell only. In addition, the DCI formats 0_0/1_0 do not carry the CIF field, leading to the following observation:
Observation 1: As the DCI formats 0_0/1_0 do not carry the CIF field, there is no need to monitor them in the scheduling SCell for cross-carrier scheduling.
Thus, based on the above and the table 1, the following proposal is made:
Poposal 6: No changes are introduced to the DCI format 0_0/1_0 monitoring, i.e. they are monitorired for self-scheduling in PCell in CSS and USS, and for self-scheduling in the SCell in the USS.

Table 1: DCI formats and their relation to search spaces
	DCI format
	Usage
	CSS-RNTI (CSS type)
	USS-RNTI
	PCell limitation 

	0_0
	Scheduling of PUSCH in one cell
	TC (1)
C, CS, MCS-C (3)
	C, CS, MCS-C
	CSS 
PCell only

	0_1
	Scheduling of one or multiple PUSCH in one cell, or
Indicating downlink feedback information for configured grant PUSCH (CG-DFI)
	-
	C, CS, MCS-C, 
SP-CSI
	

	0_2
	Scheduling of PUSCH in one cell
	-
	C, CS, MCS-C, 
SP-CSI 
	

	1_0
	Scheduling of PDSCH in one cell
	SI (0/0A)
TC, RA, MsgB (1)
P (2)
C, CS, MCS-C (3)
	C, CS, MCS-C
	CSS 
PCell only

	1_1
	Scheduling of PDSCH in one cell, and/or triggering one shot HARQ-ACK codebook feedback
	-
	C, CS, MCS-C 
	

	1_2
	Scheduling of PDSCH in one cell
	-
	C, CS, MCS-C 
	

	2_0
	Notifying a group of UEs of the slot format, available RB sets, COT duration and search space set group switching
	SFI (3)
	-
	

	2_1
	Notifying a group of UEs of the PRB(s) and OFDM symbol(s) where UE may assume no transmission is intended for the UE
	INT (3)
	-
	

	2_2
	Transmission of TPC commands for PUCCH and PUSCH
	TPC-PUSCH (3) 
TPC-PUCCH (3)
	-
	

	2_3
	Transmission of a group of TPC commands for SRS transmissions by one or more UEs
	TPC-SRS (3)
	-
	

	2_4
	Notifying a group of UEs of the PRB(s) and OFDM symbol(s) where UE cancels the corresponding UL transmission from the UE
	ci (3)
	-
	

	2_5
	Notifying the availability of soft resources as defined in Clause 9.3.1 of [10, TS 38.473]
	AI (TBD)
	AI (TBD)
	

	2_6
	Notifying the power saving information outside DRX Active Time for one or more UEs
	PS (3)
	-
	

	3_0
	Scheduling of NR sidelink in one cell
	-
	SL, SL-CS
	

	3_1
	Scheduling of LTE sidelink in one cell
	-
	SL-L-CS
	



When further looking at table 1, there are no obvious reasons why any of the DCI format, search space or PCell related limitations would need to be revisited.
Proposal 7: The rules for DCI format relation to search spaces are not modified.
Location of the PUCCH, PUSCH and SRS
If the uplink is not operating in CA mode, the current specifications would require that the PUxCH and SRS (setting aside the SRS carrier switching) are mapped on the PCell. If the gNB would wish to place these on the SCell carrier, this could be easily achieved by switching that to be the PCell. As typically one would expect the UL coverage to be the bottle-neck, having the DL PCell move at the same time would not cause any such issues. Whenever there is a coverage related need to place the PCell on the DSS carrier, but schedule it from the (higher-band) SCell, the uplink would need to be placed on the PCell as well
Proposal 8: The requirement to have the PCell configured with the PUSCH/PUCCH/SRS for non-CA case are not modified

For UL CA case, both of the uplink carriers can be used for PUSCH and SRS, but in case of a single PUCCH group the PUCCH would need to be placed on the PCell. The same coverage argument as made for the non-CA case applies, and there is no obvious reason why for the case of SCell scheduling the PCell there would be a need to change this.
Proposal 9: The requirement to have the PCell configured with the PUCCH for CA case with single PUCCH group is not modified
Conclusion
In this contribution the following proposals in relation to the cross-carrier scheduling from SCell to PCell are made:
On Search Space monitoring:
Proposal 1: When the PCell is configured to be cross-carrier scheduled by an SCell, the UE monitors the cross-carrier scheduling PDCCH at least in the USS of the scheduling SCell.
· FFS monitoring USS also on Pcell

Proposal 2: When the PCell is configured to be cross-carrier scheduled by an SCell, the UE can be configured to monitor the CSS type 3 for power control either in the PCell or in the SCell.
Proposal 3: Configuration of TYPE0/0A/1/2 CSS on the SCell is not allowed.
Proposal 4: BD/CCE limits are counted over both scheduling cells (PCell and SCell) and determined for scheduled PCell according to current specifications. 
· if scheduling PCell and SCell are of different SCS, the higher SCS is used for determination of scheduled cell BD/CCE limits, and
· overbooking is allowed
Proposal 5: To support SCell to PCell fallback also for non-fall-back DCI formats, support USS on both self-scheduling the PCell and on the X-scheduling SCell of a scheduled Pcell. R16 SS group switching feature may be used to dynamically share PDCCH monitoring candidates between Pcell and Scell.
On DCI formats:
Observation 1: As the DCI formats 0_0/1_0 do not carry the CIF field, there is no need to monitor them in the scheduling SCell for cross-carrier scheduling.
Poposal 6: No changes are introduced to the DCI format 0_0/1_0 monitoring, i.e. they are monitorired for self-scheduling in PCell in CSS and USS, and for self-scheduling in the SCell in the USS.
Proposal 7: The rules for DCI format relation to search spaces are not modified.
On the location of the uplink channels:
Proposal 8: The requirement to have the PCell configured with the PUSCH/PUCCH/SRS for non-CA case are not modified
Proposal 9: The requirement to have the PCell configured with the PUCCH for CA case with single PUCCH group is not modified

References
[1] RP-193260	New WID on NR Dynamic Spectrum Sharing (DSS)

