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Introduction
In [1], a new Rel17 WI on NR Dynamic spectrum sharing (DSS) was approved with below objectives.

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 this document, we discuss enhancements to the existing cross-carrier scheduling (CCS) framework to support PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell.
Discussion
Enhanced CCS (eCCS) framework
In RAN1#102-e the following high level framework for cross-carrier scheduling from sSCell to primary cell was agreed

Agreements:
· Following scheduling combinations are allowed/not allowed when cross-carrier scheduling from an SCell to PCell/PSCell is configured

a. self-scheduling on PCell/PSCell is allowed
b. cross-carrier scheduling from PCell/PSCell to another SCell is not allowed
c. self-scheduling on the ‘SCell used for scheduling PCell/PSCell’ is allowed
d. cross-carrier scheduling from the ‘SCell used for scheduling PCell/PSCell’ to another serving cell is allowed
e. 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

Below we discuss some additional scheduling considerations 

Rel15/16 scheduling framework does not allow out-of-order scheduling of PDSCH/PUSCH to enable pipelined UE implementation, (e.g., as captured by following text in 38.214) --- “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”. Similar principle should also be applied for the enhanced CCS framework with SCell to PCell scheduling. Additionally, in a given primary cell slot, unicast PDSCH (or PUSCH) should be scheduled from either the primary cell or the SCell but not both. These aspects are illustrated in the examples shown in Figure 1a, 1b below. In the figures, solid arrows indicate allowed (PDCCH à PDSCH/PUSCH) scheduling possibility while dashed red arrows indicate disallowed possibilities.

In addition to the above, SCell management via activation/deactivation MAC commands, and dormant/non-dormant BWP L1 indication (introduced in Rel16) should be supported for the sSCell (i.e., the SCell configured to schedule PDSCH/PUSCH on primary cell).

[image: ]

Figure 1 – Enhanced CCS framework


Proposal 1
· When cross-carrier scheduling from sSCell to PCell/PSCell is configured
a. Out-of-order scheduling is not allowed for two PDSCHs (or PUSCHs) on PCell/PSCell when one PDSCH (or PUSCH) is scheduled from PCell/PSCell and another from the sSCell. 
Proposal 2
· When cross-carrier scheduling from sSCell to PCell/PSCell is configured
a. Unicast PDSCH (or PUSCH) in a PCell/PSCell slot is scheduled from either the PCell/PSCell or the sSCell but not both.
Proposal 3
· When cross-carrier scheduling from sSCell to PCell/PSCell is configured
a. sSCell can be activated/deactivated via existing MAC CE commands
b. sSCell can be switched to dormant/non-dormant BWP via existing L1 signaling
USS handling

In RAN1#103-e, PDCCH USS handling was discussed and following alternatives were identified [2]

· 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)
· [bookmark: _Hlk61772525]Alt 1: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: 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: 
· [bookmark: _Hlk61716225]UE can monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS sets simultaneously
· 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 
· 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 
· 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 USS set configured for scheduling of PCell/PSCell)

We prefer Alt 2 among the above alternatives. NR-CA is based on primary cell being an ‘anchor cell’ to maintain connection to the gNB and typically the primary cell is on the frequency layer offering best coverage footprint. SCell(s) could be on frequency layers offering varying levels of coverage/additional capacity, and given this, CCS from sSCell to primary cell should serve as a complimentary mechanism to primary cell self-scheduling (as allowed by Alt-2) and not as a replacement (as implied by Alt-1).  

With Alt-1 whenever the sSCell is deactivated, RRC reconfiguration is needed to enable primary cell scheduling using non-fallback DCI formats. This is not preferable from NW perspective and it effectively results in sSCell always being kept activated which increases UE power consumption.  Also, with Alt-1, the UE is expected to support the following modes of scheduling and the total PDCCH blind decoding budget for the UE has be kept the same (to avoid UE complexity impact) -- a) primary cell self-scheduling using Type 0/0A/1/2 CSS, b) primary cell self-scheduling using fallback DCI formats (these DCI formats cannot be moved to sSCell as there is no CIF), c) sSCell to primary cell CCS using non-fallback DCI formats, and d) sSCell self-scheduling. Then, as long as the total PDCCH blind decoding budget for the UE is kept the same, Alt-1 and Alt-2 (that allows primary cell self-scheduling using non-fallback DCI formats) are expected to have similar complexity impact.

Observation 1
· For efficient and robust operation of primary cell on a DSS carrier, cross-carrier scheduling from sSCell to primary cell should serve as a complimentary mechanism to primary cell self-scheduling and not as a replacement


Observation 2
· With Alt-1, RRC reconfiguration is needed to enable primary cell scheduling using non-fallback DCI formats, when the sSCell is unavailable or deactivated
· sSCell has varying availability due to coverage and sSCell activation/deactivation. Primary cell is always available. Keeping the sSCell always activated increases UE power consumption
· Note : As discussed in RAN1#103-e, Alt1 => When sSCell to primary cell CCS 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))

Observation 3
· With Alt-1, UE is expected to support following modes of scheduling and PDCCH BD/CCE scaling has to be adapted to maintain the total PDCCH blind decoding budget for the UE
· primary cell self-scheduling using Type 0/0A/1/2 CSS
· primary cell self-scheduling using fallback DCI formats (these DCI formats cannot be moved to sSCell as there is no CIF)
· sSCell to primary cell CCS using non-fallback DCI formats 
· sSCell self-scheduling
· If total PDCCH blind decoding budget for the UE is kept the same, Alt-1 and Alt-2 are expected to have similar complexity impact

Proposal 4
· Support Alt-2 for PDCCH USS handling when CCS from sSCell to primary cell is configured
· Note: As discussed in RAN1#103-e, Alt 2 => When sSCell to primary cell CCS 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)

We prefer Alt2-1 among the sub-alternatives of Alt-2. This alternative has least impact on primary cell self-scheduling (p-p) while providing opportunity to sSCell to primary cell scheduling (s-p) when needed/possible. 

· To maintain the total PDCCH blind decoding budget with this option at the same level as Rel16, the CA BD/CCE scaling approach can be adapted to take into account (s-p) scheduling mode. This can be done by counting (s-p) scheduling as an additional cell in the LHS part of  the conditions ,  specified in sub-clause 10.1 of 38.213. Similar approach was used in Rel16 for handling the BD/CCE budget with multi-TRP multi-DCI operation by adding  to the Rel15 conditions. 
· From PDCCH overbooking handling perspective, only the current mechanisms specified for primary cell need to be retained and no overbooking handling on sSCell is needed with this approach
· This also works with supporting sSCell activation/deactivation/dormancy in a relatively straightforward manner.
· When the sSCell and primary cell have different numerologies, a reference numerology (i.e., either the primary cell SCS or sSCell SCS) can be used when computing PDCCH BD/CCE scaling

Proposal 5
· Support Alt-2-1 for PDCCH USS handling when CCS from sSCell to primary cell is configured
· Note : As discussed in RAN1#103-e, Alt 2-1 =>When sSCell to primary cell CCS is configured, UE can monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS sets simultaneously

CSS handling


[bookmark: _Hlk61771764]In RAN1#103-e, it was agreed that when CCS from sSCell to primary cell is configured, the 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. One remaining aspect handling of DCI formats 0_0/1_0 scheduling PUSCH/PDSCH on the primary cell. We do not a need to change the Rel15/16 handling for these DCI formats and they should be monitored on primary cell.

Proposal 6
· For ‘DCI formats 0_0/1_0 scheduling PUSCH/PDSCH on PCell/PSCell’ from CSS set(s), UE monitors them only on CSS set(s)) of PCell/PSCell and not on CSS set(s) of the sSCell
Handling of UL and DL DCI formats

For the case of sSCell scheduling PDSCH/PUSCH on primary cell, it is desirable to have the flexibility for the sSCell to schedule any one of the below possibilities
· sSCell used only for scheduling UL grants for primary cell
· sSCell used for scheduling both UL grants and DL assignments for primary cell
· sSCell used only for scheduling DL assignments for primary cell
With current PDCCH search space set configuration, when a USS is configured, the UL and DL DCI formats for that search space are constrained to be configured together. i.e., the IE dci-Formats can only be formats0-1-And-1-1 or formats0-0-And-1-0. Due to this, when the DCI sizes of UL and DL grants are different (as is usually the case with DCI format 0-1 and DCI format 1-1), the UE has to do two BDs for each configured PDCCH monitoring candidate, one corresponding to each DCI format.

To support the above possibilities without unnecessary increase of PDCCH BD overhead on sSCell, the option of configuring DCI formats individually for PUSCH scheduling or for PDSCH scheduling or for both PUSCH and PDSCH scheduling should be supported as part of the search space set configuration used for sSCell to primary cell scheduling. 

Proposal 7
· For CCS from sSCell to primary cell, configuration of individual DCI format(s) (e.g. only DCI format 0-1, only DCI format 1-1) should be supported as part of the corresponding search space set configuration. 

Conclusions
In this document we discuss further details for cross-carrier scheduling from an SCell (referred to as sSCell) to PCell/PSCell (primary cell) and make the following observations and proposals 

On scheduling framework, we propose the following
Proposal 1
· When cross-carrier scheduling from sSCell to PCell/PSCell is configured
a. Out-of-order scheduling is not allowed for two PDSCHs (or PUSCHs) on PCell/PSCell when one PDSCH (or PUSCH) is scheduled from PCell/PSCell and another from the sSCell. 
Proposal 2
· When cross-carrier scheduling from sSCell to PCell/PSCell is configured
a. [bookmark: _GoBack]Unicast PDSCH (or PUSCH) in a PCell/PSCell slot is scheduled from either the PCell/PSCell or the sSCell but not both.
Proposal 3
· When cross-carrier scheduling from sSCell to PCell/PSCell is configured
a. sSCell can be activated/deactivated via existing MAC CE commands
b. sSCell can be switched to dormant/non-dormant BWP via existing L1 signaling

On USS handling, we make the following observations and proposals 
Observation 1
· For efficient and robust operation of primary cell on a DSS carrier, cross-carrier scheduling from sSCell to primary cell should serve as a complimentary mechanism to primary cell self-scheduling and not as a replacement


Observation 2
· With Alt-1, RRC reconfiguration is needed to enable primary cell scheduling using non-fallback DCI formats, when the sSCell is unavailable or deactivated
· sSCell has varying availability due to coverage and sSCell activation/deactivation. Primary cell is always available. Keeping the sSCell always activated increases UE power consumption
· Note : As discussed in RAN1#103-e, Alt1 => When sSCell to primary cell CCS 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))

Observation 3
· With Alt-1, UE is expected to support following modes of scheduling and PDCCH BD/CCE scaling has to be adapted to maintain the total PDCCH blind decoding budget for the UE
· primary cell self-scheduling using Type 0/0A/1/2 CSS
· primary cell self-scheduling using fall-back DCI formats (these DCI formats cannot be moved to sSCell as there is no CIF)
· sSCell to primary cell CCS using non-fallback DCI formats 
· sSCell self-scheduling
· If total PDCCH blind decoding budget for the UE is kept the same, Alt-1 and Alt-2 are expected to have similar complexity impact

Proposal 4
· Support Alt-2 for PDCCH USS handling when CCS from sSCell to primary cell is configured
· Note: As discussed in RAN1#103-e, Alt 2 => When sSCell to primary cell CCS 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)

Proposal 5
· Support Alt-2-1 for PDCCH USS handling when CCS from sSCell to primary cell is configured
· Note : As discussed in RAN1#103-e, Alt 2-1 =>When sSCell to primary cell CCS is configured, UE can monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS sets simultaneously

On CSS handling, we propose the following 
Proposal 6
· For ‘DCI formats 0_0/1_0 scheduling PUSCH/PDSCH on PCell/PSCell’ from CSS set(s), UE monitors them only on CSS set(s)) of PCell/PSCell and not on CSS set(s) of the sSCell

On handling of UL/DL DCI formats, we propose the following
Proposal 7
· For CCS from sSCell to primary cell, configuration of individual DCI format(s) (e.g. only DCI format 0-1, only DCI format 1-1) should be supported as part of the corresponding search space set configuration. 
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