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Introduction
Dynamic spectrum sharing allows NR to be co-channel deployed with LTE, i.e., NR and LTE share the same spectrum, to address the spectrum availability issue from the operator. However, from performance or user experience perspective, it is very hard for DSS deployment to deliver better performance with NR compared to LTE. In Rel-15/16, multiple solutions are adopted to allow DSS in many areas such as (1) symbol level rate matching, including DMRS, mini-slot scheduling, flexible CORESET starting symbol within a slot, etc. (2) RB level rate matching via RRC configuration (3) RE level PDSCH rate matching to LTE. 
In the Rel-17 “New WID on NR Dynamic spectrum sharing (DSS)”, the following objective was approved to address the PCell scheduling restriction with DSS
	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



In RAN1#106bis e-meeting, the following agreement was reached [2]
	Agreement
Option A is supported in Rel-17
· At least for Type B UE, when the UE is configured for CCS from sSCell to P(S)Cell and when P(S)Cell SCS () is less than or equal to sSCell SCS (),[and at least when UE is not provided monitoringCapabilityConfig for any cell]
· Option A
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· UE is not required to monitor more than [ or ] PDCCH BD candidates per sSCell slot
· UE is additionally not required to monitor more than  PDCCH BD candidates per P(S)Cell slot
·   is based on RRC configuration 
·   is used for P(S)Cell overbooking procedure
· When determining  and  
· P(S)Cell self-scheduling is counted by applying scaling factor s1 
· sSCell to P(S)Cell scheduling is counted additionally (assuming SCS of sSCell) by applying scaling factor s2
· s1=1 and s2=0, FFS other s1 and s2
·   and  are based on RRC configuration
· FFS: additional constraints on s1 and s2 e.g., 1 ≤ s1+s2 ≤ 2 or s1 + s2  1
· Note:  is as in Rel16 
· UE capability/incapability indication for below to be discussed as part of UE features discussion
· All search space configurations monitored on sSCell for cross-carrier scheduling to P(S)Cell are within a single span of [3] consecutive OFDM symbols within a duration spanning P(S)Cell slot
· Same approach as above is used for CCE limits
· FFS: Separate vs. same RRC configured scaling factors (corresponding to ) for BD and CCE limits.
· When P(S)Cell SCS () is larger than sSCell SCS (), for CCS from sSCell to P(S)Cell and, it is not supported Rel-17 DSS.

Conclusion
· When sSCell to PCell cross-carrier scheduling is configured, DCI format 2_6 (if configured) is monitored only on P(S)Cell
 
Working Assumption
· When CIF for sSCell to PCell cross-carrier scheduling is configured, non-fallback DCI formats on P(S)Cell include same number of CIF bits as the corresponding non-fallback DCI formats on sSCell that are used for sSCell to P(S)Cell scheduling
 
Conclusion
· A UE configured for cross-carrier scheduling from SCell to P(S)Cell can also be configured with unaligned CA (i.e., using  ca-SlotOffset ), and a non-zero value for ca-SlotOffset can be configured at least for SCells other than the sSCell
· FFS: Whether case when sSCell is configured with non-zero ca-SlotOffset is supported and any associated capability signalling
· Note: No additional L1 spec impact related to ca-SlotOffset had been identified
 
Conclusion
· When CCS from sSCell to P(S)Cell is configured for a UE
· monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, duration for the PDCCH monitoring candidates monitored on sSCell as determined per Rel16 SS linking approach




In this contribution, we provide our views on the objective of PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell.
Existing PCell scheduling restrictions 
Cross carrier scheduling (CCS) restrictions 
In Rel-15 and Rel-16, cross carrier scheduling (CCS) is allowed for both PDSCH and PUSCH, with the following restrictions 

· No cross CG cross carrier scheduling 
· PCell can only be scheduled by itself
· For each scheduled cell, only one scheduling cell can be RRC configured to schedule it
· A cell that is configured to be scheduled by the other cell, cannot be configured to schedule any cell
· A cell when configured to be scheduling cell, has to support at least self-scheduling

Below is the corresponding specification in 38.331 and 38.213
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PCell PDCCH configurations 
In the current specification, there are three ways to configure the PDCCH

· pdcch-ConfigSIB1 in MIB
· PDCCH-ConfigCommon 
· PDCCH-Config

In terms of the cross-carrier scheduling, there are the following different DCI Formats excluding the DCI designed for sidelink and IAB

· Fall back DCI, i.e. Format 0_0 and Format 1_0, do not support cross carrier scheduling
· Non-Fall back DCI, i.e. DCI Format 0_1, Format 0_2, Format 1_1 and Format 1_2, support cross carrier scheduling
· Special DCI, i.e. DCI Format 2_0, Format 2_1, Format 2_2, Format 2_3, Format 2_4, Format 2_5, Format 2_6, most of which support cross carrier scheduling

In terms of the search space configuration, there are the following possible configurations 
· Type0-PDCCH CSS: searchSpaceSIB1, searchSpaceZero
· Only fall back DCI is allowed
· Type0A-PDCCH CSS: searchSpaceOtherSystemInformation
· Only fall back DCI is allowed
· Type1-PDCCH CSS: pagingSearchSpace
· Only fall back DCI is allowed
· Type2-PDCCH CSS: ra-SearchSpace
· Only fall back DCI is allowed
· Type3-PDCCH CSS
· Both fall back DCI and special DCI are allowed
· USS
· Both Non-fall back DCI and Fall back DCI are allowed 

It is also important to note that if PCell is required to support initial acquisition, it becomes almost impossible to move all the PDSCH/PUSCH scheduling to SCell due to the lack of RRC connection 
NR CORESET configuration
In DSS, NR CORESET is expected to be configured in the symbols without LTE CRS. 

· When LTE has 1 or 2 port CRS, CRS occupies symbol {0, 4, 7, 11}
· When LTE has 4 port CRS, CRS occupies symbol {0, 1, 4, 7, 8, 11}

In Rel-15, FG3-2 was defined to enhance DSS support, i.e., “PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot”. For a UE that supports FG3-2, a DSS NW can configure up to 3 symbol CORESET when LTE has 1or 2 port CRS, or, up to 2 symbol CORESET when LTE has 3 or 4 port CRS

Observation 1: For a UE that supports FG3-2, a DSS NW can configure up to 3 symbol CORESET when LTE has 1 or 2 port CRS, or, up to 2 symbol CORESET when LTE has 3 or 4 port CRS.
PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell 
When sSCell is configured to allow SCell to schedule SpCell together with the SpCell itself, in order to reduce the unnecessary impact on the UE implementation, we have the following views 

When CCS from sSCell to PCell/PSCell is configured, the configuration of Type 3 CSS set for DCI format 2_5 and applicability of the information in the DCI formats are the same as in Rel-15/Rel-16.

Proposal 1: When CCS from sSCell to PCell/PSCell is configured, the configuration of Type 3 CSS set for DCI formats 2_5 and applicability of the information in the DCI formats are the same as in Rel-15/Rel-16.

In the last RAN1#106bis meeting, we agreed the BD and CCE counting frame work at least for Type B UE. . To resolve the issue in bracket for BD/CCE limitation on sSCell, we have the following proposal

Proposal 2: When CCS from sSCell to PCell/PSCell is configured, in terms of BD/CCE counting when UE is configured to monitor PDCCH on both SpCell and sSCell in the overlapping slot, on sSCell
•	UE is not required to monitor more than  PDCCH BD candidates per sSCell slot

With the above restrictions and the existing agreement, we also need to consider other UE PDCCH monitoring complexity related issues, since we now allow two cells (SpCell and sSCell) to schedule one cell (SpCell), including the following issues 
· Number of unicast DCI counting 
· Handling of the different SCS of sSCell and SpCell if it is allowed

Proposal 3: When CCS from sSCell to PCell/PSCell is configured, following issues related to UE PDCCH monitoring complexity should be discussed and clarified 
•	Number of unicast DCI counting 
•	Handling of the different SCS of sSCell and SpCell if it is allowed
Conclusion
Dynamic spectrum sharing allows NR to be co-channel deployed with LTE, i.e., NR and LTE share the same spectrum, to address the spectrum availability issue from the operator. However, from performance or user experience perspective, it is very hard for DSS deployment to deliver better performance with NR compared to LTE. In the Rel-17 “New WID on NR Dynamic spectrum sharing (DSS)”, one objective was approved to consider PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell. 
We have the following observation and proposals
Proposal 1: When CCS from sSCell to PCell/PSCell is configured, the configuration of Type 3 CSS set for DCI formats 2_5 and 2_6 and applicability of the information in the DCI formats are the same as in Rel-15/Rel-16.

Proposal 2: When CCS from sSCell to PCell/PSCell is configured, in terms of BD/CCE counting when UE is configured to monitor PDCCH on both SpCell and sSCell in the overlapping slot, on sSCell
•	UE is not required to monitor more than  PDCCH BD candidates per sSCell slot

Proposal 3: When CCS from sSCell to PCell/PSCell is configured, following issues related to UE PDCCH monitoring complexity should be discussed and clarified 
•	Number of unicast DCI counting 
•	Handling of the different SCS of sSCell and SpCell if it is allowed
Reference
[1] RP-193260, “New WID on NR Dynamic spectrum sharing (DSS)”, 3GPP TSG RAN Meeting #86, Sitges, Spain, December 9-12, 2019
[2] Chairman Notes, 3GPP TSG RAN WG1 #106b-e e-Meeting, October 11th – 19th, 2021
image6.png
(1-a) »min(Mppees ™ Mpnees )




image7.png




image8.png




image9.png




image10.png




image11.png




image12.png




image13.png
i




image14.png




image15.png
CrossCarrierSchedulingConfig ::
schedulingCellInfo

own
cif-Presence

}

other
schedulingCellId
cif-InschedulingCell

15
48
carrierIndicatorSize

carrierIndicatorSizeForDCI-Formatl-2-rl6
carrierIndicatorSizeForDCI-Format0-2-rl6

SEQUENCE {
CHOICE {
SEQUENCE {
BOOLEAN
SEQUENCE {
ServCellIndex,
INTEGER (1..7)
SEQUENCE {
INTEGER (0
INTEGER (0

-- Cros

-- Cros

s carrier scheduling: scheduling cell

s carrier scheduling: scheduled cell

OPTIONAL

-- Cond CIF-PRESENCE




image16.png
schedulingCellld

Indicates which cell signals the downlink allocations and uplink grants, if applicable, for the concerned SCell. In case the UE is configured with DC, the scheduling cell is part of
the same cell group (i.e. MCG or SCG) as the scheduled cell. If drx-ConfigSecondaryGroup is configured in the MAC-CellGroupConfig associated with this serving cell, the
scheduling cell and the scheduled cell belong to the same Frequency Range.
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A UE does not expect to monitor PDCCH candidates on an active DL BWP of a secondary cell if the UE is configured
to monitor PDCCH candidates with carrier indicator field corresponding to that secondary cell in another serving cell.
For the active DL BWP of a serving cell on which the UE monitors PDCCH candidates, the UE monitors PDCCH
candidates at least for the same serving cell.
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