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1. [bookmark: _Ref95743991]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 remaining issues on 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

At RAN1#107e meeting [1], the following additional agreement is made for Type A UEs:
Furthermore, the overlapping granularity in the above agreements, 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.Agreement
· Following approaches for PDCCH monitoring and BD limit handling is supported for Type A UE
· Additional simplifications to PDCCH monitoring 
· Type A UE as per RAN1#105-e agreement and
· no simultaneous monitoring between ‘USS sets (for P(S)Cell scheduling) on sSCell’ and ‘Type 0/0A/1/2/CSS sets on P(S)Cell for DCI formats with CRC scrambled by C-RNTI/MCS-C-RNTI/CS-RNTI’ 

[bookmark: _Ref83569405][bookmark: _Ref83655312]Proposal 1: Confirm ‘slot’ is adopted to define the overlapping granularity in time domain in the previous agreement.
2.2 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, while P(S)cell is the scheduled cell that 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?


Following 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 of the linked search space in P(S)cell with full configuration. In this way, the same nrofCandidates configuration is 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, but 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 linkage rule for the case of sScell scheduling P(S)cell, i.e. a search space in P(S)cell is considered linked to a search space in sScell with the same searchSpaceId, only if the search space in P(S)cell is provided with light configuration (including only searchSpaceId and nrofCandidates); 
Alt. 3: Keep the current description on the linkage rule, and introduce 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 search space for sScell scheduling P(S)cell and 2 search spaces for P(S)cell self-scheduling. It is clearly observed Alt. 1 consumes the largest number of SS IDs while Alt. 3 needs 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 a 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 2: 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 space:
· If a light configuration is provided to the P(S)cell search space space, the search space is used for SS linkage between sScell and Pcell;
· If not, the search space is for Pcell self-scheduling.
2.3 DCI size budget
The DCI size budget is defined as below [4]:
-	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 a 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 the 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. 
Besides the CIF field, 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 may be 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 [4].
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 options to handle this DCI size budget issue:
· Option 1 
· If the DCI on the Pcell includes X bits and the DCI on the sSCell includes Y bits, |X-Y| bits are padded to the DCI with the smaller size. 
· Option 2
· When sSCell to P(S)Cell scheduling is configured for the UE, for a given non-fallback DCI format, the DCI fields and field sizes used for P(S)Cell self-scheduling are used also for sSCell to P(S)Cell cross-carrier scheduling
· Option 3
· Change the definition of DCI size budget to (scheduling cell, scheduled cell) pair
For Option 1, DCI size is aligned between different scheduling cells for the same scheduled cell. This is a generic approach that could handle all cases even in a future release that may introduce more fields that is different for different scheduling cells. 
For Option 2, every field in the same DCI format should be aligned to achieve the same total size. This option can address this issue, but in a complicated way, i.e., field by field. As discussed above, at least the fields, i.e.  Scell dormancy Indication, Transmission configuration indication, and padding bit in  DCI size alignment procedure step 2, are involved in the field alignment procedure. Besides, it may not be future-proof because if more similar fields are introduced in a future release, this issue should be re-considered for sScell scheduling P(S)cell as well. 
For Option 3, it is the simplest approach in terms of spec impact without affecting the DCI size alignment procedure. The motivation of this option is based on the fact that the BD processes are parallel on both scheduling cells. However, the definition of DCI size budget per (scheduling cell, scheduled cell) pair may bring more UE implementation complexity. Besides, the total number of DCI sizes for scheduling is actually increased that is not aligned with current WID.
In general, Option 2 may result in additional behavior compared to Option 1 and Option 3 that provide more forward compatibility.  However, for Option 3, UE implemention complexity may be increased due to new DCI budget definition. Therefore, Option 1 is preferred and the following proposal is made:
[bookmark: _Ref95142583]Proposal 3: For sScell scheduling P(S)cell, if the DCI on the Pcell includes X bits and the DCI on the sSCell includes Y bits, |X-Y| bits are padded to the DCI with the smaller size and adopt TP#1  in TS 38.212.
· TP#1 (TS 38.212 v17.0.0 [3], Section 7.3.1.0)
	Step 4C:
-	If the total number of different DCI sizes configured to monitor is more than 4 for the cell after applying the above steps, or if the total number of different DCI sizes with C-RNTI configured to monitor is more than 3 for the cell after applying the above steps 
-	If the number of information bits in the DCI format 0_1 prior to padding is less than the payload size of the DCI format 1_1 for scheduling the same serving cell, a number of zero padding bits are generated for the DCI format 0_1 until the payload size equals that of the DCI format 1_1.
-	If the number of information bits in the DCI format 1_1 prior to padding is less than the payload size of the DCI format 0_1 for scheduling the same serving cell, zeros shall be appended to the DCI format 1_1 until the payload size equals that of the DCI format 0_1.
If a UE is configured for scheduling on the primary cell from the primary cell and from a secondary cell [12, TS 38.331], the DCIs from the primary cell and from the secondary cell are determined respectively as initial DCIs according to the above procedures. If initial DCI sizes of the same DCI format from the primary cell and from the secondary cell are different, a number of zero padding bits are generated for the DCI with smaller size until the payload size euqals that of the DCI with larger size.



2.4 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 4: 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:
Alt.1: 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.
Alt.2: 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.
For Alt. 2, it will result in unnecessary BD budget waste when sScell becomes deactivated or dormant since semi-static BD/CCE is allocated to the deactivated or dormant sScell. On the other hand, Alt. 1 could provide more BD/CCE budgets for P(S)cell self-scheduling when sScell becomes deactivated or dormant.
[bookmark: _Ref95743802][bookmark: _Ref95743758][bookmark: _Ref83890143]Proposal 5: When sScell scheduling P(S)cell is configured, if sScell becomes deactivated or dormant, sScell scheduling P(S)cell function is considered disabled, i.e. the budget follows the same ways defined in R15/R16 for P(S)cell.
2.5 Clarification on the determination of PDCCH candidate
In TS 38.213 [4], PDCCH candidate is determined according to the following spec:
	For a search space set  associated with CORESET , the CCE indexes for aggregation level  corresponding to PDCCH candidate  of the search space set in slot  for an active DL BWP of a serving cell corresponding to carrier indicator field value  are given by 

where
[bookmark: _Hlk39576530]for any CSS, ; 
for a USS, , ,  for ,  for ,  for , and ;
;
 is the number of CCEs, numbered from 0 to , in CORESET  and, if any, per RB set; 
 is the carrier indicator field value if the UE is configured with a carrier indicator field by CrossCarrierSchedulingConfig for the serving cell on which PDCCH is monitored; otherwise, including for any CSS, ;
, where  is the number of PDCCH candidates the UE is configured to monitor for aggregation level  of a search space set  for a serving cell corresponding to ; 


At RAN1#107-e meeting [5], the following agreement is made:
	Agreement
Confirm the WA from RAN1#106bis-e with addition of below Note (shown in blue)
Working Assumption
· [bookmark: _Hlk87469634]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 
· Note: per RAN1#102-e agreement, when sSCell to P(S)Cell scheduling is configured for the UE, cross-carrier scheduling from P(S)Cell to another cell is not allowed. The CIF bits included in non-fallback DCI formats on P(S)Cell are considered reserved.


In R15/R16, CrossCarrierSchedulingConfig and the above procedure is specified for a scheduled cell that only has one scheduling cell. In the CCS case, the scheduled cell must be configured with CrossCarrierSchedulingConfig and  corresponding to a DCI scheduling this cell from the scheduling cell is set to the value of cif-InSchedulingCell. For the scheduling cell, it may or may not be configured with CrossCarrierSchedulingConfig.
When sScell scheduling P(S)cell is configured, there are two scheduling cells for P(S)cell. For CCS part, the above text can be directly applied and thus    corresponding to the DCI scheduling P(S)cell from sScell is set to the value of the cif-InSchedulingCell value configured for the P(S)cell. However, if we simply reuse the highlighted part to determine the  for P(S)cell self scheduling,  will be set to CIF value in DCI for self-scheduling which is considered reserved as per agreement. The most straightforward way is to set the  to 0, thus the following TP is proposed.
· TP#2 (TS 38.213 v17.0.0 [4], Section 10.1)
	For a search space set  associated with CORESET , the CCE indexes for aggregation level  corresponding to PDCCH candidate  of the search space set in slot  for an active DL BWP of a serving cell corresponding to carrier indicator field value  are given by 

where
for any CSS, ; 
for a USS, , ,  for ,  for ,  for , and ;
;
 is the number of CCEs, numbered from 0 to , in CORESET  and, if any, per RB set; 
If the serving cell is a primary cell and if it is configured to be scheduled from both the primary cell and a secondary cell:
· for the scheduling on the primary cell from the primary cell, 
· for the scheduling on the primary cell from the secondary cell,  is the carrier indicator field value by CrossCarrierSchedulingConfig for the serving cell; 
Else,
·  is the carrier indicator field value if the UE is configured with a carrier indicator field by CrossCarrierSchedulingConfig for the serving cell on which PDCCH is monitored; otherwise, including for any CSS, ;
, where  is the number of PDCCH candidates the UE is configured to monitor for aggregation level  of a search space set  for a serving cell corresponding to ;


[bookmark: _Ref95401584]Observation 1. When sScell scheduling P(S)cell is configured,  for P(S)cell self-scheduling will be set to a reserved field if directly follow the legacy spec as the CIF in DCI for P(S)cell self-scheduling is considered reserved.
Proposal 6: When sScell scheduling P(S)cell is configured,  for P(S)cell self-scheduling is 0, and adopt TP#2 for 38.213.
3. Conclusion
In this contribution, we focus on Scell scheduling P(S)cell, and have the following proposals:
Proposal 1: Confirm ‘slot’ is adopted to define the overlapping granularity in time domain in the previous agreement.
Proposal 2: 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 space:
· If a light configuration is provided to the P(S)cell search space space, the search space is used for SS linkage between sScell and Pcell;
If not, the search space is for Pcell self-scheduling.
Proposal 3: For sScell scheduling P(S)cell, if the DCI on the Pcell includes X bits and the DCI on the sSCell includes Y bits, |X-Y| bits are padded to the DCI with the smaller size and adopt TP#1  in TS 38.212.
Proposal 4: 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 5: When sScell scheduling P(S)cell is configured, if sScell becomes deactivated or dormant, sScell scheduling P(S)cell function is considered disabled, i.e. the budget follows the same ways defined in R15/R16 for P(S)cell.
Observation 1. When sScell scheduling P(S)cell is configured,  for P(S)cell self-scheduling will be set to a reserved field if directly follow the legacy spec as the CIF in DCI for P(S)cell self-scheduling is considered reserved.
Proposal 6: When sScell scheduling P(S)cell is configured,  for P(S)cell self-scheduling is 0, and adopt TP#2 for 38.213.
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