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1. Introduction
In DSS WID [1], the following objectives for NR Dynamic Spectrum Sharing (DSS) are included:
· PDCCH enhancements for cross-carrier scheduling including [RAN1, RAN2]
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3]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
In this contribution, we discuss the issues and solutions to enable Scell scheduling P(S)cell. For simplicity, the ‘SCell used for scheduling P(S)Cell’ is denoted as sScell (Special Scell) and others as N-Scell (Normal Scell) in the later part.
2. [bookmark: _Ref498564494]Discussion
2.1 [bookmark: _Ref47368168][bookmark: _Ref521492551][bookmark: PP12]Remaining design for Type A UEs
At RAN1#105e meeting [2], the following agreement is made for Type A UEs:Agreement
· For Type A UE
· At least following search space sets on P(S)Cell and search space sets on sSCell are configured so that the UE does not monitor them in overlapping [slot/symbol] of P(S)Cell and sSCell
· search space sets on P(S)Cell 
· USS sets for DCI formats 0_1,1_1,0_2,1_2 (if supported for Type A UE)
· USS sets for DCI formats 0_0,1_0
· Type3-CSS set(s) for DCI formats 1_0/0_0 with C-RNTI/CS-RNTI/MCS-C-RNTI 
· search space sets on sSCell 
· USS set(s) for scheduling P(S)Cell
· FFS: BD/CCE handling

Remaining issue on Type A UE definition
The important remaining issues for Type A UE definition include whether to have further restrictions on Type 0/0A/2 CSS set configuration, and how to handle overlapping symbol/slot if no restriction. The purpose of introducing Type A UEs is to define a simpler device with reduced complexity of implementation. Thus, our preference is not to allow simultaneous monitoring on two different cells. Otherwise, the benefit of introducing Type A UEs is not clear. Taking into account the network implementation complexity, it is preferred that no restriction on Type-0/0A/1/2-CSS sets configurations and USSs on sScell are dropped in overlapping [symbol/slot], i.e. Alt. 2 in the following proposal discussed in RAN1#106e.
[bookmark: _Ref83569252][bookmark: _Ref83655306]Proposal 1: For Type A UEs, there is no restriction on Type-0/0A/1/2-CSS sets configurations, and USSs on sScell are dropped in overlapping [symbol/slot].
Furthermore, the overlapping granularity in the above agreement and proposal, i.e. [slot/symbol], should be determined. Since BD/CCE budget is defined per slot, it still involves BD/CCE budget distribution between different cells even when PDCCH monitoring occasions are not overlapped in symbol level granularity. For simplification, slot level granularity should be adopted to avoid BD/CCE budget distribution.Proposal 2v3 
· For Type A UE, there is no restriction on Type-0/0A/1/2-CSS sets configurations
· FFS the following for Type A UE
· Alt1: 
· In overlapping [symbol/slot] of P(S)Cell and sSCell where a UE is configured to monitor Type-0/0A/1/2/-CSS sets on P(S)Cell and configured to monitor search space sets on sSCell (for scheduling P(S)Cell), the UE does not expect to decode DCI format(s) with CRC scrambled C-RNTI/MCS-C-RNTI/CS-RNTI on Type-0/0A/1/2-CSS sets on P(S)Cell
· Alt2: 
· In overlapping [symbol/slot] of P(S)Cell and sSCell where a UE is configured to monitor Type-0/0A/1/2/-CSS sets on P(S)Cell and configured to monitor search space sets on sSCell (for scheduling P(S)Cell), UE drops the overlapped USS sets on sSCell
· Alt 3:
· In overlapping [symbol/slot] of P(S)Cell and sSCell where a UE is configured to monitor Type-0/0A/1/2/-CSS sets on P(S)Cell and configured to monitor search space sets on sSCell (for scheduling P(S)Cell), UE decodes DCI format(s) on Type-0/0A/1/2-CSS sets on P(S)Cell and the overlapped USS sets on sSCell.

[bookmark: _Ref83569405][bookmark: _Ref83655312]Proposal 2: Confirm ‘slot’ is adopted to define the overlapping granularity in the previous agreement.
Furthermore, since there is no motivation to support r16monitoringcapability in DSS scenario, UE should either not be provided monitoringCapabilityConfig or be provided only monitoringCapabilityConfig= r15monitoringcapability for both P(S)cell and sScell. In other words, neither P(S)cell nor sScell can be configured monitoringCapabilityConfig= r16monitoringcapability.
[bookmark: _Ref86946952]Proposal 3: When sScell scheduling P(S)cell is configured, neither P(S)cell nor sScell can be configured monitoringCapabilityConfig= r16monitoringcapability.

BD/CCE budget for Type A UE
For Type A UEs, if semi-static BD/CCE distribution (e.g. Option A and Option C) is adopted, part of the total BD/CCE capacity is wasted for most of the slots, i.e. the slots where search space for scheduling P(S)cell is only located in either of P(S)Cell or sScell. Thus, Option B is a natural choice for Type A UEs. If Proposal 1 and Proposal 2 are adopted, Option B becomes a special one where no BD/CCE budget distribution across cells since PDCCH monitoring occasions within a slot are always coming from only one cell.
[bookmark: _Ref83655328]Proposal 4: Support Option B as BD/CCE budget scheme for Type A UEs.
2.2 Remaining design for Type B UEs
At RAN1#105e meeting [2], the following agreement is made for Type B UEs:Agreement
· For Type B UE
· Following search space sets on P(S)Cell and search space sets on sSCell can be configured so that the UE monitors them in overlapping [slot/symbol] of P(S)Cell and sSCell
· search space sets on P(S)Cell 
· USS sets for DCI formats 0_0,1_0
· Type3-CSS set(s) for DCI formats 1_0/0_0 with C-RNTI/CS-RNTI/MCS-C-RNTI 
· search space sets on sSCell 
· USS set(s) for scheduling P(S)Cell
· For handling ‘USS sets for scheduling P(S)Cell’ on P(S)Cell and/or on sSCell for DCI formats 0_1,1_1,0_2,1_2
· Alt 2-1 is adopted
· There is no restriction on Type-0/0A/1/2-CSS sets configurations
· FFS: BD/CCE handling


BD/CCE budget for Type B UE
At RAN1#106bis-e meeting [3], the following agreement is made to handle BD/CCE budget for Type B UEs: 
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.

For the BD/CCE budget scheme for Type B UEs, there are still several important design details that should be solved. 
First, the bracket [ or ] need to be solved which is related to how to apply . 
According to the agreement, the PDCCH candidates from sScell to P(S)cell have been agreed to be counted as part of the cell group corresponding to P(S)cell SCS .When applying with SCS  different from P(S)cell SCS , there are two alternatives that both involve selection of [ or ]:
· Alt. a: the PDCCH candidates from sScell to P(S)cell are additionally counted as scheduling cell with sScell SCS  that should follow    is selected
· Alt. b: the PDCCH candidates from sScell to P(S)cell are not additionally counted as scheduling cell with sScell SCS    is selected.
To make the above description clearer, one example is provided assuming 1 P(S)cell with 15KHz SCS, 4 SCells S1-S4 with 30kHz SCS and 1 Scell S5 with 15KHz SCS. UE reports pdcch-BlindDetectionCA =4, , ==58 and ==96. Then the details on BD/CCE limit in different cases are illustrated below:
· When sScell scheduling P(S)cell is not configured:
	Scheduling
	 PDCCH BDs

	P-P
	b0<=44 per 1ms such that b0+b5 <= 58

	S1->S1
	b1<=36 per 0.5ms such that b1+b2+b3+b4 <= 96

	S2->S2
	b2<=36 per 0.5ms such that b1+b2+b3+b4 <= 96

	S3->S3
	b3<=36 per 0.5ms such that b1+b2+b3+b4 <= 96

	S4->S4
	b4<=36 per 0.5ms such that b1+b2+b3+b4 <= 96

	S5->S5
	b5<=44 per 1ms such that b0+b5 <= 58

	
	Total per 1ms
=b0+2*(b1+b2+b3+b4)+b5<=58+2*96=250



· When sScell scheduling P(S)cell is configured and Alt. a is used:
	Scheduling
	 PDCCH BDs

	P-P
	b0<=alpha*44= 22 per 1ms such that b0+b5+2*b6 <= 58

	S1->S1
	b1<=36 per 0.5ms such that b1+b2+b3+b4+b6 <= 96

	S2->S2
	b2<=36 per 0.5ms such that b1+b2+b3+b4+b6 <= 96

	S3->S3
	b3<=36 per 0.5ms such that b1+b2+b3+b4 +b6<= 96

	S4->S4
	b4<=36 per 0.5ms such that b1+b2+b3+b4+b6 <= 96

	S5->S5
	b5<=44 per 1ms such that b0+b5 +2*b6<= 58

	S1->P
	b6<=36 per 0.5ms such that b1+b2+b3+b4+b6 <= 96
2*b6<=beta*44=22 per 1ms such that b0+b5+2*b6<=58

	
	Total per 1ms
=b0+2*(b1+b2+b3+b4)+b5+2*b6<=250-2*b6


· When sScell scheduling P(S)cell is configured and Alt. b is used:
	Scheduling
	 PDCCH BDs

	P-P
	b0<=alpha*44= 22 per 1ms such that b0+b5+2*b6 <= 58

	S1->S1
	b1<=36 per 0.5ms such that b1+b2+b3+b4 <= 96

	S2->S2
	b2<=36 per 0.5ms such that b1+b2+b3+b4 <= 96

	S3->S3
	b3<=36 per 0.5ms such that b1+b2+b3+b4 <= 96

	S4->S4
	b4<=36 per 0.5ms such that b1+b2+b3+b4 <= 96

	S5->S5
	b5<=44 per 1ms such that b0+b5 +2*b6<= 58

	S1->P
	b6<=36 per 0.5ms 
2*b6<=beta*44=22 per 1ms such that b0+b5+2*b6<=58

	
	Total per 1ms
=b0+2*(b1+b2+b3+b4)+b5+2*b6<=250



Based on the above evaluation results, it is clearly observed that Alt. a would result in total BD decrease per 1ms after sScell scheduling P(S)cell is configured, while Alt. b maintains the same number of total BD. Since WID explicitly says “Note: The total PDCCH blind decoding budget should not be changed as a result of this work”, Alt. b should be supported to maintain the same total BD/CCE budget.
[bookmark: _Ref83655362]Proposal 5: 	Remove in the bracket, i.e. on sSCell (for cross-carrier scheduling to P(S)Cell), UE is not required to monitor more than  PDCCH BD candidates per sSCell slot.
Second, on the issue of “FFS other s1 and s2”, there is no motivation to have another value of s1 and s2 besides s1=1 and s2=0. At the same time, if adopting other values, the total budget is hard to be maintained before and after sScell scheduling P(S)cell is configured.
[bookmark: _Ref86775341]Proposal 6: 	Introduction of additional s1/s2 values other than (s1=1 and s2=0) is not supported.
Third, on the issue of “FFS: Separate vs. same RRC configured scaling factors (corresponding to α) for BD and CCE limits”, there is no strong motivation to have separate scaling factors for BD and CCE limits. Thus the same RRC configured scaling factors are preferred. 
[bookmark: _Ref86775344]Proposal 7: Support the same RRC configured scaling factors for BD and CCE limits.
2.3 Search space linkage
In RAN1#106-e meeting, the following agreement is made for search space linkage between sScell and P(S)cell:Agreement
· When CCS from sSCell to P(S)Cell is configured for a UE
· at least the number of PDCCH monitoring candidates monitored on sSCell (for scheduling P(S)Cell) is indicated to the UE using the SS set linking approach as in Rel16


TS 38.331
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.
nrofCandidates
Number of PDCCH candidates per aggregation level. The number of candidates and aggregation levels configured here applies to all formats unless a particular value is specified or a format-specific value is provided (see inside searchSpaceType). If configured in the SearchSpace of a cross carrier scheduled cell, this field determines the number of candidates and aggregation levels to be used on the linked scheduling cell (see TS 38.213 [13], clause 10).
Following the RRC description highlighted above, search space with the same ID in scheduled cell and scheduling cell are linked to each other in NR Rel-15/16. All the search spaces configured in the scheduled cell are expected to have a light configuration for cross-carrier scheduling, i.e. including only searchSpaceId and nrofCandidates. 
However, in the case of sScell scheduling P(S)cell, on one hand, sScell is the scheduling cell and P(S)cell is the scheduled cell, which may be assumed to have a light configuration. On the other hand, it is already agreed that search spaces for P(S)cell self-scheduling can also be configured in P(S)cell without any explitic restriction for Type B UEs. Thus the following question occurs:
Question: How to handle/interpret the following configuration as illustrated in the figure, i.e. a search space in P(S)cell with full configuration (i.e. including fields such as monitoringSlotPeriodicityAndOffset besides searchSpaceId and nrofCandidates) has the same ID as a search space in sScell with full configuration?


If there is no change on the current description of the linkage rule, the above-mentioned search spaces are linked to each other. Particularly, the linked search space in sScell will be used to schedule P(S)cell and nrofCandidates is coming from the field in the linked search space in P(S)cell with full configuration. In this way, the same nrofCandidates configuration will be shared between P(S)cell self-scheduling and sScell scheduling P(S)cell, which is strange and not flexible.
To handle this issue, there may be the following alternatives:
Alt. 1: Keep the current description on the linkage rule and clarify that UE is not expected to be provided a search space in P(S)cell with a full configuration that has the same ID as a search space in sScell with the full configuration;
Alt. 2: Update the current linkage rule, i.e. a search space in P(S)cell with light configuration (including only searchSpaceId and nrofCandidates) and a search space in sScell with full configuration with the same searchSpaceId are linked to each other in case of sScell scheduling P(S)cell;
Alt. 3: Keep the current description on the linkage rule and configure an additional nrofCandidates-r17 for sScell scheduling Pcell if a search space in P(S)cell with full configuration is linked to a search space in sScell.
As illustrated in Figure 1, one example is provided for comparison of the above alternatives by achieving the same target, i.e. 3 search spaces for sScell self-scheduling, 1 serach space for sScell scheduling P(S)cell and 2 search spaces for P(S)cell self-scheduling. It is clearly oberserved Alt. 1 will consume the most number of SS IDs and Alt. 3 will need the least.
[image: ]
[bookmark: _Ref87023524]Figure 1		Example for Alt.1, Alt.2 and Alt. 3
If Alt. 1 is adopted, it means search spaces for P(S)cell self-scheduling and search spaces for sScell self-scheduling can’t be configured with the same ID, which may cause search space ID shortage since a maximum of 10 search space IDs are available for one BWP. Although Alt. 3 can save search space ID capacity as shown in Figure 1 by sharing search space for P(S)cell self-scheduling and cross-carrier scheduling (e.g. SS2 of P(S)cell in Figure 1), it may introduce additional RRC signaling overhead. Instead, Alt. 2 does not introduce new RRC parameter, but implicitly determines the linkage based on whether a full configuration is provided for the search space having the same ID. In other words, whether P(S)cell and Scell are linked through a search space ID depends on whether the corresponding search space configuration in P(S)cell is light, if so, search spaces corresponding to the search space ID constitute a search space linkage, otherwise, they are used for Pcell self-scheduling and Scell scheduling other cells than Pcell, respectively. Therefore, Alt. 2 is preferred since it provides a good tradeoff with minimized spec impact. 
[bookmark: _Ref87033809]Proposal 8: For sScell scheduling P(S)cell, whether a P(S)cell search space is cross-carrier linked to another (scheduling) search space having the same searchSpaceId in sScell, is implicitly determined by whether a light configuration (including only searchSpaceId and nrofCandidates) is provided to the P(S)cell search spacce.

2.4 SCS of P(S)Cell 
It has been discussed whether P(S)Cell SCS includes 15kHz only, the design of sScell scheduling P(S)cell is general and flexible, and can be applied to any P(S)cell with limited PDCCH capacity at FR1, thus P(S)Cell SCS other than 15kHz can be supported.
[bookmark: _Ref86928445]Proposal 9: Support 15/30/60kHz as P(S)Cell SCS, subject to UE capability.

2.5 DCI size budget
In RAN1 106bis-e meeting, the following working assumption is made: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

The main motivation comes from the DCI size budget as described below [5]:
-	the total number of different DCI sizes configured to monitor is no more than 4 for the cell;
-	the total number of different DCI sizes with C-RNTI configured to monitor is no more than 3 for the cell.
It can be observed that the DCI size budget is defined per scheduled cell. For the scheduled P(S)cell, there are two scheduling cells (i.e. sScell and P(S)cell) when sScell scheduling P(S)cell is configured. Following current spec, the DCI size budget is defined considering DCIs from both sScell and P(S)cell, i.e., the same DCI format from different scheduling cells should have the same DCI size. This is the motivation to have CIF always present in P(S)cell self-scheduling as the above working assumption shows.
Besides, the following three fields, the presence of which depends on the scheduling cell configuration, may result in different DCI sizes even for the same DCI formation (i.e. DCI 0_1, 1_1, 0_2 and 1_2) in P(S)cell and sScell:
· SCell dormancy indication in DCI 0_1 and 1_1
· Transmission configuration indication in DCI 1_1 and DCI 1_2
· According to the cited highlighted text below, it can be seen that this field is mandatorily present in DCI for CCS case
· 1 bit padding bit in DCI 0_1 and DCI 1_1 according to DCI size alignment procedure step 2  when the size of DCI 0_1 or DCI 1_1 in a USS is equal to the size of DCI 0_0/1_0 in another USS [5].
ControlResourceSet ::=              SEQUENCE {
    controlResourceSetId                ControlResourceSetId,

    frequencyDomainResources            BIT STRING (SIZE (45)),
    duration                            INTEGER (1..maxCoReSetDuration),
    cce-REG-MappingType                 CHOICE {
        interleaved                         SEQUENCE {
            reg-BundleSize                      ENUMERATED {n2, n3, n6},
            interleaverSize                     ENUMERATED {n2, n3, n6},
            shiftIndex                          INTEGER(0..maxNrofPhysicalResourceBlocks-1)       OPTIONAL -- Need S
        },
        nonInterleaved                      NULL
    },
    precoderGranularity                 ENUMERATED {sameAsREG-bundle, allContiguousRBs},
    tci-StatesPDCCH-ToAddList           SEQUENCE(SIZE (1..maxNrofTCI-StatesPDCCH)) OF TCI-StateId OPTIONAL, -- Cond NotSIB1-initialBWP
    tci-StatesPDCCH-ToReleaseList       SEQUENCE(SIZE (1..maxNrofTCI-StatesPDCCH)) OF TCI-StateId OPTIONAL, -- Cond NotSIB1-initialBWP
    
tci-PresentInDCI                        ENUMERATED {enabled}                                  OPTIONAL, -- Need S
    pdcch-DMRS-ScramblingID                 INTEGER (0..65535)                                    OPTIONAL, -- Need S
    ...,
    [[
    rb-Offset-r16                       INTEGER (0..5)                                            OPTIONAL, -- Need S
    tci-PresentDCI-1-2-r16              INTEGER (1..3)                                            OPTIONAL, -- Need S
    coresetPoolIndex-r16                INTEGER (0..1)                                            OPTIONAL, -- Need S
    controlResourceSetId-v1610          ControlResourceSetId-v1610                                OPTIONAL  -- Need S
    ]]
}
tci-PresentInDCI
This field indicates if TCI field is present or absent in DCI format 1_1. When the field is absent the UE considers the TCI to be absent/disabled. In case of cross carrier scheduling, the network sets this field to enabled for the ControlResourceSet used for cross carrier scheduling in DCI format 1_1 in the scheduling cell if enableDefaultBeamForCCS is not configured (see TS 38.214 [19], clause 5.1.5).
tci-PresentDCI-1-2
Configures the number of bits for "Transmission configuration indicator" in DCI format 1_2. When the field is absent the UE applies the value of 0 bit for the "Transmission configuration indicator" in DCI format 1_2 (see TS 38.212, clause 7.3.1 and TS 38.214, clause 5.1.5). In case of cross carrier scheduling, the network configures this field for the ControlResourceSet used for cross carrier scheduling in DCI format 1_2 in the scheduling cell if enableDefaultBeamForCCS is not configured (see TS 38.214 [19], clause 5.1.5).

There are the following two options to handle this DCI size budget issue:
· Option 1: Align the DCI size for the same DCI format from sScell and P(S)cell by confirming the working assumption and further considering fields such as SCell dormancy indication, Transmission configuration indication, 1 bit padding bit.
· Option 2: Update the DCI size budget definition to per (scheduling cell, scheduled cell) pair from per scheduled cell in NR Rel-16.
[bookmark: _Ref86775346]Proposal 10: Consider the following options to handle DCI size budget issue:
· Option 1: Align the DCI size for the same DCI format from sScell and P(S)cell by confirming the working assumption and further considering fields such as SCell dormancy indication, Transmission configuration indication, 1 bit padding bit.
· Option 2: Update the DCI size budget definition to per (scheduling cell, scheduled cell) pair from per scheduled cell in NR Rel-16.

2.6 Handling of sScell deactivation/dormancy
Regarding sScell deactivation/dormancy, the following agreements are made in RAN1#104e and RAN1#106e respectively:Agreement
· When CCS from sSCell to PCell/PSCell is configured, CA activation/deactivation operation for the sSCell is supported

Agreement
· Specification supports dormant BWP operation on sSCell for a UE is configured CCS from sSCell to P(S)Cell. 

According to the above agreements, sScell could become deactivated or dormant when it is configured to schedule P(S)Cell. When P(S)cell is configured to be scheduled by a sScell, a typical configuration for P(S)cell self-scheduling is CSS only with no USSs or very sparse USSs. Consequently, after the sScell becomes deactivated or dormant, there would be very limited scheduling opportunities for P(S)cell self-scheduling. A possible solution is to configure more USS to the UE by RRC in P(S)cell. However, it increases the PDCCH overhead in P(S)cell, which is problematic in DSS case due to limited PDCCH resources in P(S)cell. Moreover, it essentially makes the feature of SCell deactivation/dormancy useless if every deactivation MAC CE or dormancy DCI command requires a subsequent RRC reconfiguration. To avoid this, fallback USSs could be configured when sScell scheduling P(S)cell is configured. When sScell is active or non-dormant, these USSs are not monitored by the UE. After sScell becomes deactivated or dormant, UE starts to monitor the fallback USSs.  
[bookmark: _Ref83655373]Proposal 11: Support configuring fallback USSs on P(S)cell when sScell scheduling P(S)cell is configured:
· If sScell is active or non-dormant, UE doesn’t monitor the fallback USSs on P(S)cell;
· If sScell becomes deactivated or dormant, UE starts to monitor the fallback USSs on P(S)cell.
Moreover, if sScell is deactivated/dormant, we need to clarify how the BD/CCE budget is determined. There are two ways:
Alt1. It can be assumed that the function of sScell scheduling P(S)cell is disabled, so the BD/CCE budget fallback to the R15/R16 mechanism since P(S)cell can only be self-scheduled at this time, i.e., BD/CE budget of single-cell scheduling defined by R15/R16 is used.
Alt2. At least for the case of sScell dormancy, it can be considered that the function of sScell scheduling P(S)cell is still enabled but there will be no CCS from Scell to P(S)cell for a while, so that the BD/CCE budget (optionA/B/C) discussed in the above section is still used.
[bookmark: _Ref83890143]Proposal 12: When sScell scheduling P(S)cell is configured, if sScell becomes deactivated or dormant, it should be clarified whether sScell scheduling P(S)cell function is considered disabled or enabled, and to determine the BD/CCE budget for scheduling P(S)cell:
· Alt.1 sScell scheduling P(S)cell function is considered disabled, thus the budget follows the same ways defined in R15/R16 for P(S)cell;
· Alt.2 sScell scheduling P(S)cell function is considered enabled, thus the budget follows the option A/B/C as agreed.
2.7 Handling of BFR and RLF
When a Scell is enabled to schedule a P(S)cell, if there is a beam quality or link quality problem on the Scell, the problem may, in turn, affect the transmission of the P(S)cell or even all other Scells. The BFR and RLF processes of P(S)cell and sScell need to be considered jointly, where the details can be found in [6].
[bookmark: _Ref83915748]Proposal 13: Discuss potential enhancement for BF/RLF when sScell scheduling P(S)cell is configured.
3. Conclusion
In this contribution, we focus on Scell scheduling P(S)cell, and have the following proposals:
Proposal 1: For Type A UEs, there is no restriction on Type-0/0A/1/2-CSS sets configurations, and USSs on sScell are dropped in overlapping [symbol/slot].
Proposal 2: Confirm ‘slot’ is adopted to define the overlapping granularity in the previous agreement.
Proposal 3: When sScell scheduling P(S)cell is configured, neither P(S)cell nor sScell can be configured monitoringCapabilityConfig= r16monitoringcapability.
Proposal 4: Support Option B as BD/CCE budget scheme for Type A UEs.
Proposal 5: 	Remove in the bracket, i.e. on sSCell (for cross-carrier scheduling to P(S)Cell), UE is not required to monitor more than  PDCCH BD candidates per sSCell slot.
Proposal 6: 	Introduction of additional s1/s2 values other than (s1=1 and s2=0) is not supported.
Proposal 7: Support the same RRC configured scaling factors for BD and CCE limits.
[bookmark: _GoBack]Proposal 8: For sScell scheduling P(S)cell, whether a P(S)cell search space is cross-carrier linked to another (scheduling) search space having the same searchSpaceId in sScell, is implicitly determined by whether a light configuration (including only searchSpaceId and nrofCandidates) is provided to the P(S)cell search spacce.
Proposal 9: Support 15/30/60kHz as P(S)Cell SCS, subject to UE capability.
Proposal 10: Consider the following options to handle DCI size budget issue:
· Option 1: Align the DCI size for the same DCI format from sScell and P(S)cell by confirming the working assumption and further considering fields such as SCell dormancy indication, Transmission configuration indication, 1 bit padding bit.
· Option 2: Update the DCI size budget definition to per (scheduling cell, scheduled cell) pair from per scheduled cell in NR Rel-16.
Proposal 11: Support configuring fallback USSs on P(S)cell when sScell scheduling P(S)cell is configured:
· If sScell is active or non-dormant, UE doesn’t monitor these USSs;
· If sScell becomes deactive or dormant, UE starts to monitor these USSs.
Proposal 12: When sScell scheduling P(S)cell is configured, if sScell becomes deactivated or dormant, it should be clarified whether sScell scheduling P(S)cell function is considered disabled or enabled, and to determine the BD/CCE budget for scheduling P(S)cell:
· Alt.1 sScell scheduling P(S)cell function is disabled, the budget follows the same ways defined in R15/R16 for P(S)cell;
· Alt.2 sScell scheduling P(S)cell function is still enabled, the budget follows the option A/B/C as agreed.
Proposal 13: Discuss potential enhancement for BF/RLF when sScell scheduling P(S)cell is configured.
Appendixes
1. Option A: PDCCH monitoring candidates on P(S)Cell and/or sScell are configured such that max of (x1(m1)+x2(m1))+max of y(m2) corresponding to any P(S)Cell slots m1 and m2 is less than or equal to Z1
In order to achieve that max of (x1(m1)+x2(m1))+max of y(m2) corresponding to any P(S)Cell slots m1 and m2 is less than or equal to Z1, Option A implies separate semi-static BD budget per P(S)cell slot on P(S)cell (i.e. Z1p>= max of (x1(m1)+x2(m1))) and sScell (i.e. Z1s>= max of y(m2)) for scheduling P(S)cell where Z1p+Z1s<=Z1. Besides, in the case of sScell SCS is larger than P(S)cell SCS, one more BD budget per sScell slot (i.e. Z1s’) on sScell is needed. One example is given below:
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Figure 2. Example of Option A (Z1p=20, Z1s=24, Z1=44, Z1s’=36)
For the determination of Z1p and Z1s, there are the following alternatives:
· Alt. 1A: Explicitly predefined/configured/UE reported Z1p and/or Z1s such that Z1p+Z1s<=Z1
· Note: this alternative includes the case that Z1p/Z1s is explicitly configured while the other is derived based on Z1 (e.g. Z1p is configured and Z1s=Z1-Z1p).
· Alt. 2A: Implicitly derived from predefined/configured/UE reported scaling factor Alpha and/or Beta
· Alt. 2A.1: Z1p = Alpha * Z1, Z1s=Beta * Z1
· Alt. 2A.2: Z1p = Alpha * Per slot BD limit of P(S)cell SCS, Z1s= Beta * Per slot BD limit of sScell SCS
· Alt. 2A.3: Z1p = Alpha * Per slot BD limit of P(S)cell SCS, Z1s= Beta * Per slot BD limit of P(S)cell SCS
· Note: Alpha<=1, Beta<=1
· Alt. 3A: Implicitly derived from SS configuration
· Alt. 3A.1: Z1s=max{x3(m2)}, Z1p=Z1- Z1s = Z1-max{x3(m2)}
· Alt. 3A.2: Z1p=max{x1(m1)}, Z1s=Z1- Z1p = Z1-max{x1(m1)}
· max{x1(m1)} +max{x3(m2)}<=Z1
· Note: In some of the above alternatives involving Z1, Z1 could be predefined (e.g. 44 when P(S)cell SCS is 15KHz) or reported by UE capability.
For the determination of Z1s’, there are the following alternatives:
· Alt. 1A’: Explicitly predefined/configured/UE reported Z1s’
· Alt. 2A’: Implicitly derived from predefined/configured/UE reported scaling factor Beta
· Z1s’=Gamma *Per slot limit based on sScell SCS
2. Option B: PDCCH monitoring candidates on P(S)Cell and/or sScell are configured such that x1(m)+x2(m)+y(m) is less than or equal to BD limit Z2
Compared to Option A, a more flexible approach is to define only the total budget Z2 without separate restrictions for each scheduling cell, which means that the PDCCH processing capabilities allocated to P(S)cell self-scheduling and CCS from sScell to P(S)cell on each slot/span are determined based on the real-time scheduling. The advantage of this approach is to obtain the highest flexibility of processing capability allocation and to avoid wasting scheduling capacity. However, it obviously increases the UE implementation complexity. Similar to Option A, when sScell SCS is larger than P(S)cell SCS, one more BD budget per sScell slot (i.e. Z2s) on sScell is needed. One example is provided below:
[image: ]
For the determination of Z2, there are the following alternatives:
· Alt. 1B: Per slot BD limit of reference SCS (e.g., minSCS between P(S)cell SCS and sScell SCS)
· Alt. 2B: Alpha * Per slot BD limit of minSCS + Beta * 
· Alpha and Beta are predefined/configured/UE reported
· Note: Alpha<=1, Beta<=1
For the determination of Z2s, there are the following alternatives:
· Alt. 1B’: Explicitly predefined/configured/UE reported Z2s
· Alt. 2B’: Implicitly derived from predefined/configured/UE reported scaling factor Beta
· Z2s=Gamma*Per slot limit based on sScell SCS
3. Option C: PDCCH monitoring candidates on P(S)Cell are configured such that max of (x1(m1)+x2(m1)) is less than or equal to Z3 while PDCCH monitoring candidates on sScell are configured such that max of y(m2) is less than or equal to Z4
In the above two options, if the SCSs of two cells are different, a reference SCS(e.g., P(S)cell SCS) needs to be introduced to define the budget, and the SS resource allocation and overbooking process may need to be performed per time unit in the reference SCS. On the other hand, the budgets of control resources on each cell in option C are defined separately and are independent of the SCS of  the other cell. One example is given below:
[image: ]
For the determination of Z3 and Z4, there are the following alternatives:
· Alt. 1C: Explicitly predefined/configured/UE reported Z3 and Z4
· Alt. 2C: Implicitly derived from predefined/configured/UE reported scaling factor Alpha and/or Beta
· Z3= Alpha * Per slot BD limit of P(S)cell SCS, Z4= Beta 
When looking at the above options, both Option A and Option C are corresponding to separate semi-static BD budgets (i.e. Z1p and Z1s in Option A, Z3 and Z4 in Option C) for P(S)cell self-scheduling and sScell scheduling P(S)cell respectively. This semi-static scheme has lower UE implementation complexity since the allocation of PDCCH monitoring units is not changed slot by slot. For Option B, there exists a total budget across P(S)cell self-scheduling and sScell scheduling P(S)cell, which requires dynamic BD allocation between P(S)cell and sScell.
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