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During RAN#86 meeting, a new work item on DSS (dynamic spectrum sharing) was approved for Rel-17 [1]. In this WI, two main objectives are included, i.e., SCell-schedule-PCell and one-to-two scheduling, where the two objectives are mainly introduced to reduce the PDCCH blockage under DSS scenario. 
	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 #102e meeting, the following agreements were reached for SCell scheduling PCell, as listed below [2].
	Agreements:
· Following scheduling combinations are allowed/not allowed when cross-carrier scheduling from an SCell to PCell/PSCell is configured
1. self-scheduling on PCell/PSCell is allowed
1. cross-carrier scheduling from PCell/PSCell to another SCell is not allowed
1. self-scheduling on the ‘SCell used for scheduling PCell/PSCell’ is allowed
1. cross-carrier scheduling from the ‘SCell used for scheduling PCell/PSCell’ to another serving cell is allowed
1. 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


In this contribution, we provide analysis for SCell-schedule-PCell, focusing on the search space/DCI format handling and some open issues when CCS (cross-carrier scheduling) from an SCell to PCell/PSCell is configured.
Discussion
Search space and DCI format handling
· Type 0/0A/1/2 CSS
The main reason of allowing self-scheduling on PCell/PSCell is the type 0/0A/2 CSS can only be configured on the PCell of MCG and type 1 CSS can only be configured on the PCell/PSCell. Otherwise the initial access procedure will be impacted. Meanwhile, fallback DCI with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI can also be transmitted in the type 0/0A/1/2 CSS for unicast data scheduling in PCell/PSCell. However, considering that the blind decode complexity won’t be increased due to the same size of fallback DCI and no “CIF filed” configured in fallback DCI, it is preferred to reuse the same mechanism in the current specification for self-scheduling on the PCell/PSCell. Thus, we have the following proposal.
Proposal 1: For SCell scheduling PCell,
· Type 0/0A/2 CSS with fallback DCI can only be configured on PCell.
· Type 1 CSS with fallback DCI can only be configured on PCell/PSCell.

· Type 3 CSS
· For type 3 CSS with DCI format 2_0/2_1/2_2/2_3/2_4/2_5
Group common DCI format 2_0/2_1/2_2/2_3/2_4/2_5 in Type 3 CSS can be configured on PCell/PSCell or SCell. So there is no additional issues to decide the location of Type 3 CSS with DCI format 2_0/2_1/2_2/2_3/2_4/2_5.
· For type 3 CSS with DCI format 2_6
Group common DCI format 2_6 in Type 3 CSS can be only configured on PCell/PSCell because this format is used for SCell dormancy indication. If DCI format 2_6 in Type 3 CSS can be configured on the SCell used for scheduling PCell/PSCell, whether this SCell should be always active like PCell/PSCell and whether this SCell can be indicated as dormancy should be discussed. From this perspective, it is prefered to keep the DCI format 2_6 on Pcell/PSCell only.
While, as the objective is to offload PDCCH scheduling PDSCH/PUSCH on PCell to SCell, thus the DCI format not scheduling any PDSCH/PUSCH should be kept on PCell if configured. More specifically, DCI format 2_x can be configured on PCell/PSCell or SCell depending the current RRC configuration.  
· For type 3 CSS with fallback DCI
In Type 3 CSS, fallback DCI with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI can be also configured for unicast data scheduling only for the primary cell. In case type 3 CSS is configured on SCell, fallback DCI in type 3 CSS cannot be configured. In case type 3 CSS is configured on PCell, fallback DCI in type 3 CSS can be configured or not depended on PDCCH payload. More specifically, fallback DCI in Type 3 CSS can be kept on PCell/PSCell if configured.

Proposal 2: For SCell scheduling PCell, Type 3 CSS with DCI format 2_x or fallback DCI can be reused with no changes compared to Rel-15/Rel-16, i.e.,
· Type 3 CSS with DCI format 2_0/2_1/2_2/2_3/2_4/2_5 can be configured on PCell/PSCell or SCell.
· Type 3 CSS with DCI format 2_6 can only be configured on PCell/PSCell.
· Type 3 CSS with fallback DCI can only be configured on PCell/PSCell.

· USS
· Fallback DCI
To ensure that RRC_IDLE UEs can still camp on this PCell successfully, network has to configure type 0/0A/1/2 CSS with fallback DCI in the PCell. While for the USS with fallback DCI for scheduling PCell, three alternatives can be considered.
· Alt.1 Leave it on PCell
· Alt.2 Move it to SCell
· Alt.3 Don’t support the USS with fallback DCI for scheduling PCell
Firstly, considering the spec impact, Alt.2 is not preferred because fallback DCI doesn’t support cross-carrier scheduling from the first NR release. Meanwhile, UE needs to monitor fallback DCIs for PCell’s PDSCH/PUSCH scheduling on PCell for robust scheduling. In case Alt.3 is supported, fallback DCI with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI for unicast scheduling can only be transmitted in the type 0/0A/1/2/3 CSS, but there are also many restrictions. For example, only aggregation level 4/8/16 can be used for Type 0/0A/2 CSS; Type 1 CSS can be only used if the UE has not been provided a Type 3 CSS or a USS and the UE has received a C-RNTI; Type 3 CSS can be used if this optional search space is configured and only configured on PCell. From this perspective, Alt.3 would be too restrictive. As a result, Alt.1 is preferred due to flexible scheduling. 
· Non-fallback DCI
Regarding USS with non-fallback DCI (DCI format 1_1/1_2/0_1/0_2), the following two alternatives can be considered. 
· Alt.1 Move all USS with DCI format 1_1/1_2/0_1/0_2 to SCell;
· Alt.2 Move parts of the USS with DCI format 1_1/1_2/0_1/0_2 to SCell and leave the remaining still on PCell;
Alt.1 may be simpler while Alt.2 can offer higher flexibility for network implementation. Both alternatives are feasible, more studies are needed for these two alternatives. Figure 1 shows an example that only parts of non-fallback DCIs are moved from PCell to SCell for a certain UE. In this example, both non-fallback DCIs in PCell and non-fallback DCIs in SCell can be used to self-schedule and cross-carrier schedule PDSCH/PUSCH on PCell, respectively.


Figure 1. An example of SCell-schedule-PCell.
Another issue is whether to allow separate configuration for DCI format 1_1/0_1 and DCI format 1_2/0_2, or even to allow separate configuration for each different DCI format among DCI format 1_1/1_2/0_1/0_2 on different scheduling cell. With this kind of flexibility, network can for example only move parts of the USS from PCell to SCell.
Proposal 3: For SCell scheduling PCell and for USS, 
· Fallback DCI scheduling PCell’s PDSCH/PUSCH is restricted to PCell/PSCell only.
· Non-fallback DCI (DCI format 1_1/1_2/0_1/0_2) is allowed to schedule PCell/PSCell’s PDSCH/PUSCH from SCell.

Proposal 4: For USS with non-fallback DCI, consider the following two alternatives for SCell scheduling PCell, 
· Alt.1 Move all USS with DCI format 1_1/1_2/0_1/0_2 for scheduling PCell/PSCell’s PDSCH/PUSCH to SCell;
· Alt.2 Move parts of the USS with DCI format 1_1/1_2/0_1/0_2 for scheduling PCell/PSCell’s PDSCH/PUSCH to SCell and leave the remaining still on PCell/PSCell

In Rel-15/Rel-16, the search space ID is applied to associate the search space in scheduling cell and search space in scheduled cell. In other words, in case of Cell #1 cross-carrier schedules Cell #2 with search space #x (SS #x), UE monitors the corresponding PDCCH on Cell #1 based on the MO configurations for SS #x of Cell #1 and acquires the candidate number based on SS #x of Cell #2. For SCell scheduling PCell, the same approach can be reused. 
Proposal 5: For SCell scheduling PCell with search space #x (SS #x), SS ID is used to associate the SS of PCell and SS of SCell.
Detailed Considerations
How to realize SCell scheduling PCell
With current NR spec listed below, P(S)Cell cannot be scheduled by SCell as schedulingCellInfo can only be configured as own in the CrossCarrierSchedulingConfig for P(S)Cell. Furthermore, if cif-Presence is set to true, the default CIF value for indicating a grant or assignment for this P(S)Cell is 0. When schedulingCellInfo for a SCell is configured as other in the CrossCarrierSchedulingConfig, that means this SCell is a scheduled cell and also it will be configured with cif-InSchedulingCell and schedulingCellId, wherein the candidate value for cif-InSchedulingCell is [1,...,7].
	CrossCarrierSchedulingConfig ::=        SEQUENCE {
    schedulingCellInfo                      CHOICE {
        own       SEQUENCE {                   -- Cross carrier scheduling: scheduling cell
            cif-Presence                            BOOLEAN
        },
        other       SEQUENCE {                  -- Cross carrier scheduling: scheduled cell
            schedulingCellId                        ServCellIndex,
            cif-InSchedulingCell                    INTEGER (1..7)
        }
    },
    ...
}


In case that PDCCH on SCell can be used to schedule PDSCH or PUSCH on P(S)Cell, P(S)Cell should be additional configured as a scheduled cell of a SCell. Since the fallback DCI is always on the P(S)Cell, as a result, schedulingCellInfo for P(S)Cell should be configured as both “own and other” to be a scheduling cell and scheduled cell simultaneously.   
Proposal 6: For SCell scheduling PCell, PCell should be configured as the scheduling cell and the scheduled cell simultaneously.
How to handle the BD/CCE split







In this WI, there is a restriction that the total PDCCH blind decoding budget should not be changed as a result of this work. There are two PDCCH blind decoding budget, one is  or , the other is  or . For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration  of the scheduling cell more than  PDCCH candidates or more than  non-overlapped CCEs per slot.


Since the fallback DCI is always on the P(S)Cell, PDCCH blind decoding for this P(S)Cell will be performed on the P(S)Cell. Meanwhile, in case that PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell is supported, PDCCH blind decoding for this P(S)Cell will be additional performed on the SCell. That means for this P(S)Cell, PDCCH blind decoding will be performed on two cells and the total blind decoding for this P(S)Cell may be increased. For example, as the search space configurations of the P(S)Cell (=0) shown in Figure 2, there are {4, 8, 16, 24} BDs for search space #0 - #3 respectively, wherein fallback DCI formats are used/configured in search space #0 - #2 and non-fallback DCI formats are configured in search space #3. In current spec, USS #3 will be dropped in case overbooking is happened on the P(S)Cell. If USS #3 is all “moved” to the SCell with cross-carrier scheduling this P(S)Cell, overbooking will not happen, but the total blind decoding budget is increased compared with legacy .
[image: ]
Figure 2. Search space configurations on the PCell
Proposal 7: For SCell scheduling PCell, further consider how to calculate/configure candidates of USS to meet the BD/CCE budget.







[bookmark: _GoBack][bookmark: _Hlk530114396]For another parameter of the budget in the current spec, if a UE is configured with  downlink cells with DL BWPs having SCS configuration , where , a DL BWP of an activated cell is the active DL BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs per slot on the active DL BWP(s) of scheduling cell(s) from the  downlink cells. In case that PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell is supported, PDCCH blind decoding will be performed on two cells for this P(S)Cell. In this case, parameter  will be calculated twice. For example, assume 6 cells are configured for a UE shown in Figure 3, wherein the SCS = 15kHz for PCell #1 and the SCS = 30kHz for SCell #2. Two cases are compared below.
· Case 1: PCell can not be scheduled by SCell (the red arrow in Figure 3 is not presented), M_total_15khz = floor(4*44*1/6)=29;  M_total_30khz=floor(4*36*5/6)=120;
· Case 2: PCell can be scheduled by SCell (the red arrow in Figure 3 is presented), M_total_15khz = floor(4*44*1/6)=29;  M_total_30khz=floor(4*36*6/6)=144;
The blind decoding complexity of case 2 is increased compared with case 1 mainly because the PCell is calculated twice.
[image: ]
Figure 3 SCell-schedule-PCell
Proposal 8: For SCell scheduling PCell, further consider how to perform CA scaling to meeting the BD/CCE budget.
Conclusion
In this contribution, the high-level consideration and detailed consideration of SCell-schedule-PCell from our side are provided with the following observations and proposals.
Search space and DCI format handling
Proposal 1: For SCell scheduling PCell,
· Type 0/0A/2 CSS with fallback DCI can only be configured on PCell.
· Type 1 CSS with fallback DCI can only be configured on PCell/PSCell.

Proposal 2: For SCell scheduling PCell, Type 3 CSS with DCI format 2_x or fallback DCI can be reused with no changes compared to Rel-15/Rel-16, i.e.,
· Type 3 CSS with DCI format 2_0/2_1/2_2/2_3/2_4/2_5 can be configured on PCell/PSCell or SCell.
· Type 3 CSS with DCI format 2_6 can only be configured on PCell/PSCell.
· Type 3 CSS with fallback DCI can only be configured on PCell/PSCell.

Proposal 3: For SCell scheduling PCell and for USS, 
· Fallback DCI scheduling PCell’s PDSCH/PUSCH is restricted to PCell/PSCell only.
· Non-fallback DCI (DCI format 1_1/1_2/0_1/0_2) is allowed to schedule PCell/PSCell’s PDSCH/PUSCH from SCell.

Proposal 4: For USS with non-fallback DCI, consider the following two alternatives for SCell scheduling PCell,
· Alt.1 Move all USS for DCI format 1_1/1_2/0_1/0_2 for scheduling PCell/PSCell’s PDSCH/PUSCH to SCell;
· Alt.2 Move parts of the USS for DCI format 1_1/1_2/0_1/0_2 for scheduling PCell/PSCell’s PDSCH/PUSCH to SCell and leave the remaining still on PCell/PSCell;

Proposal 5: For SCell scheduling PCell with search space #x (SS #x), SS ID is used to associate the SS of PCell and SS of SCell.

How to realize SCell scheduling PCell
Proposal 6: For SCell scheduling PCell, PCell should be configured as the scheduling cell and the scheduled cell simultaneously.

BD/CCE split between PCell and SCell
Proposal 7: For SCell scheduling PCell, further consider how to calculate/configure candidates of USS to meet the BD/CCE budget.

Proposal 8: For SCell scheduling PCell, further consider how to perform CA scaling to meeting the BD/CCE budget.

Reference
RP-193260, New WID on NR Dynamic spectrum sharing (DSS), RAN #86.
RAN1 #102e meeting, chairman notes.
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