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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]Scell scheduling P(S)cell configuration
For each cell, a UE may be indicated with RRC IE CrossCarrierSchedulingConfig that the data on this cell is scheduled by PDCCH in its own cell (i.e. ‘own’ in schedulingCellInfo) or another cell (i.e. ‘other’ in schedulingCellInfo). However, for P(S)cell, only indication of ‘own’ for schedulingCellInfo is allowed in NR Rel-15&16. For simplicity, reusing such a cross-carrier scheduling framework by removing the “allowed only self-scheduling” limitation on P(S)cell is a straightforward approach to enable Scell scheduling P(S)cell. Particularly, in P(S)cell configuration, it could be indicated as ‘other’ in schedulingCellInfo together with the scheduling Scell ID and CIF used in the Scell scheduling the P(S)cell. 
Another aspect is how to determine which search space(s) in Scell could be used for scheduling P(S)cell. In current NR spec, it is determined by the search space linkage between a scheduling cell and a scheduled cell, i.e. search spaces with the same searchSpaceId in a scheduled cell and a 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 the scheduling cell and the scheduled cell are both active. In the scheduled cell, search space is configured only with the essential fields including only searchSpaceId and nrofCandidates (called light SS configuration in later part). A similar rule could also be reused to determine the search space in Scell for scheduling P(S)cell.
[bookmark: _Ref47370547]Proposal 1: Reuse search space linkage rule within cross-carrier scheduling framework in NR Rel-15 for determination of search spaces for Scell scheduling Pcell.
In RAN1#102-e, it is agreed that self-scheduling on P(S)cell is allowed when cross-carrier scheduling from an SCell to P(S)cell/PSCell is configured, which means P(S)cell could be scheduled by P(S)cell itself as well as the scheduling Scell jointly. Then the reused cross-carrier configuration as discussed above should be further enhanced, i.e., the indication of ‘other’ in schedulingCellInfo for PCell means that it could be scheduled by itself and Scell jointly. 
[bookmark: _Ref54027373]Proposal 2: Indication of ‘other’ in schedulingCellInfo for a P(S)Cell means that the P(S)Cell could be scheduled by itself and another Scell jointly.
Based on the above proposals, the function of Scell scheduling Pcell is at least enabled/disabled by RRC signaling. In RAN1#103-e, several companies propose to support dynamic activation/deactivation of the function. However, in our view, for the DSS use case, there is no strong motivation to enable/disable the function frequently. The scheduling flexibility of dynamic switching between self-scheduling and cross-carrier scheduling can be achieved by proper search space configuration. Therefore, there is no need to have dynamic activation/deactivation of the function. 
[bookmark: _Ref61466459]Proposal 3: Dynamic activation/deactivation of scheduling from sScell to PCell/PSCell with additional signaling is not supported.
2.2 Blind decoding budget
[bookmark: _Hlk68551713]In RAN1 #104b-e [5], the following conclusion is made for further discussion on BD budget:For RAN1#105-e, companies are encouraged to consider:
Further discuss PDCCH monitoring and BD/CCE limit handling in RAN1#105e considering below BD/CCE limit handling options
· Option A
· At least when P(S)Cell SCS is not higher than sScell SCS, 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
· At least the case of Z1 = 44 is supported for P(S)Cell SCS 15kHz
· FFS if Z1 larger than above can also be supported based on UE capability (e.g. similar to BDFactorR in Rel16)
· FFS signalling details on how the limit Z1 is realized, e.g.
· RRC configured BD limit/scaling factor-based limit for max(x1(m)+x2(m))
· Separate RRC configured BD limits/scaling factor-based limits for max(x1(m)+x2(m)) and max(y(m)) 
· separate BdfactorR for P(S)Cell and sScell
· SS configuration-based BD limit for max(x1(m)+x2(m)) and max(y(m))
· RRC configured BD limit/scaling factor-based limit for max(x1(m)+x2(m))+ max(y(m))
· Counting ‘sScell-to-P(S)Cell’ scheduling as an additional scheduling cell with numerology given by sScell numerology in determining the BD/CCE limits
· FFS reference SCS to use when P(S)Cell has higher SCS than sScell (if supported)
· For sScell scheduling P(S)Cell, the UE is not required to monitor on the active DL BWP with SCS configuration µ of the sScell more than  PDCCH candidates per slot of sScell.
· FFS how limit  is computed and applied when CCS from sScell to P(S)Cell is configured
· Option B
· At least when P(S)Cell SCS is not higher than sScell SCS, For P(S)Cell slot m, 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
· At least the case of Z2 = 44 is supported for P(S)Cell SCS 15kHz
· FFS if Z2 larger than above can also be supported based on UE capability (e.g. similar to BDFactorR in Rel16)
· max of (x1(m1)+x2(m1)) + max of y(m2) corresponding to any P(S)Cell slots m1 and m2 can is allowed to be larger than BD limit Z2
· FFS signalling details on how the limit Z2 is realized 
· FFS reference SCS to use when P(S)Cell has higher SCS than sScell (if supported)
· For sScell scheduling P(S)Cell, the UE is not required to monitor on the active DL BWP with SCS configuration µ of the sScell more than  PDCCH candidates per slot of sScell.
· FFS how limit  is computed and applied when CCS from sScell to P(S)Cell is configured
· 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
· Z3 is derived by the PDCCH monitoring capability of PCell
· PDCCH monitoring candidates on sScell are configured such that max of y(m2) is less than or equal to Z4
· Z4 is derived by the PDCCH monitoring capability of sScell
· FFS details to define Z3 and Z4, e.g.
· Separate RRC configured BD limits/scaling factor-based limits for max(x1(m)+x2(m)) and max(y(m))
· For sScell scheduling P(S)Cell, the UE is not required to monitor on the active DL BWP with SCS configuration µ of the sScell more than Z4 PDCCH candidates per slot of sScell
· Note
· x1(m) is #BDs for PDCCH CSS(s) candidates monitored on P(S)Cell slot m 
· x2(m) is #BDs for PDCCH USS(s) candidates monitored on P(S)Cell slot m 
· y(m) is #BDs for PDCCH USS(s) candidates monitored on sScell in all sScell slot(s) that overlap slot m of P(S)Cell
· USS(s) => USS(s) that can schedule PDSCH/PUSCH on P(S)Cell)

To provide a more clear understanding, the above options are illustrated below for the case when P(S)Cell SCS is not higher than sScell SCS:
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 Pcell (i.e. Z1p>= max of (x1(m1)+x2(m1))) and sScell (i.e. Z1s>= max of y(m2)) for scheduling Pcell where Z1p+Z1s<=Z1. Besides, since sScell SCS is larger than Pcell SCS, one more BD budget per sScell slot (i.e. Z1s’) on sScell is needed. For easy One example is given below in Figure 1:
[image: ]
[bookmark: _Ref71377412]Figure 1. 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 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 Pcell SCS, Z1s= Beta * Per slot BD limit of Scell SCS
· Alt. 2A.3: Z1p = Alpha * Per slot BD limit of Pcell SCS, Z1s= Beta * Per slot BD limit of Pcell SCS
· Note: Alpha<=1, Beta<=1
· Alt. 3A: Implicitly derived from SS configuration
· Z1s=max{x3(m2)}, Z1p=Z1-max{x3(m2)}
· max{x1(m1)} +max{x3(m2)}<=Z1
· Note: In some of the above alternatives involving Z1, Z1 could be predefined (e.g. 44 when Pcell 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’=Beta*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 cell, which means that the PDCCH processing capabilities allocated to Pcell 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 Pcell 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 following alternatives:
· Alt. 1B: Per slot BD limit of reference SCS (e.g., minSCS)
· 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=Beta*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 needs to be introduced to define the budget, and the SS resource allocation and overbooking process need to consider the influence of the reference SCS. On the other hand, the budgets of control resources on each cell in option C are defined separately, thus are not affected by 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 Pcell 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 Pcell self-scheduling and sScell scheduling Pcell respectively. This semi-static shceme 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 Pcell self-scheduling and sScell scheduling Pcell, which requires dynamic BD allocation between Pcell and sScell. 
[bookmark: _Ref71634409]Observation 1: For Pcell self-scheduling and sScell scheduling Pcell, Option A and Option C have separate semi-static BD budget while Option B implies dynamic BD allocation by meeting a total BD budget across them. 
2.3 Overbooking
The following agreement was reached at the last meeting, however, whether the control resources for Scell scheduling P(S)cell should be considered in the overbooking process should be further clarified.
	Agreement
PDCCH overbooking on sSCell USS set(s) is not allowed


1. Option1: Only PDCCH candidate of Pcell self-scheduling is considered in overbooking
With this option, only the control resources for P(S)cell self-scheduling are considered in the overbooking process, whereas the part of cross-carrier scheduling from sScell is not. If the number of PDCCH candidates/CCE configured on a slot/span is larger than Z1p, only the overbooking for P(S)cell self-scheduling should be performed. 
For example, if Z1p=24, the total number of PDCCH candidates on slot#2 is 32, then the UE performs overbooking, e.g. by not allocating resources to USS#2 on slot#2. This process is the same as the existing overbooking process, thus minimizes the impact of CCS from sScell to P(S)cell on the spec and UE implementation. However, a potential problem of this approach is that the SS for sScell scheduling Pcell needs to be handled separately, e.g., gNB needs to ensure that the number of blind decoding corresponding to such SS does not exceed a specific limit, which may impose a certain degree of limitation on the transmission and scheduling of the Pcell and lead to a waste of blind decoding capability.


Figure 2. Overbooking for P(S)cell self-scheduling
2. [bookmark: _Hlk71643801]Option2: PDCCH candidate of sScell scheduling P(S)cell and Pcell self-scheduling are jointly considered in overbooking
Another approach is to perform overbooking on P(S)cell self-scheduling and sScell scheduling P(S)cell jointly. For example, if the UE is not configured with Z2, then it is necessary to consider the self-scheduling together with cross-carrier scheduling parts. Furthermore, USS for the . Compared with Option 1, this approach has the advantage of handling all control resources scheduling P(S)cell as a whole, which can avoid the waste of capability like Option 1. However, the disadvantage is that the implementation complexity of determining BD/CE is higher.
The sScell scheduling Pcell function is used to mitigate the PDCCH collision problem on the Pcell. The USS is expected to be offloaded to the sScell cell, and the USS left on the Pcell in this case is mainly for scheduling flexibility and thus is not as important as the CSS on Pcell and the ‘regular’ USS on the sScell. Therefore, when assigning PDCCH candidate for different SearchSpaces, both CSS and ‘regular’ USS for CCS from sScell to Pcell should be prioritized. The gNB should ensure that the total number of BDs of CSS and sScell USS does not exceed the corresponding limit. If further mapping a USS of Pcell would cause the number of assigned PDCCH candidate to exceed the limit, the USS on Pcell can be dropped.



[bookmark: _Ref68632705]Figure 3. Overbooking for P(S)cell self-scheduling and sScell scheduling P(S)cell
[bookmark: _Ref68197739]Proposal 4:  Regarding overbooking handling, the following two options can be considered:
· Option1. The overbooking process for P(S)cell considers PDCCH candidate of P(S)cell self-scheduling only.
· Option2. The overbooking process for P(S)cell considers PDCCH candidate of both P(S)cell self-scheduling and sScell scheduling P(S)cell.

2.4 SS and DCI handling for allowed scheduling cases
At RAN1#102 [2], the following agreement was made:Agreements:
· Following scheduling combinations are allowed/not allowed when cross-carrier scheduling from an SCell to PCell/PSCell is configured
0. self-scheduling on PCell/PSCell is allowed
0. cross-carrier scheduling from PCell/PSCell to another SCell is not allowed
0. self-scheduling on the ‘SCell used for scheduling PCell/PSCell’ is allowed
0. cross-carrier scheduling from the ‘SCell used for scheduling PCell/PSCell’ to another serving cell is allowed
0. 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

In other words, the following scheduling cases are allowed when cross-carrier scheduling from an SCell to P(S)cell/PSCell is configured:
· Case 1 (sScell->sScell): self-scheduling on the ‘SCell used for scheduling P(S)Cell’
· Case 2 (sScell->N-Scell): cross-carrier scheduling from the ‘SCell used for scheduling P(S)Cell’ to another Scell
· Case 3 (sScell->P(S)Cell): cross-carrier scheduling from the ‘SCell used for scheduling P(S)Cell’ to P(S)Cell
· Case 4 (P(S)Cell-> P(S)Cell): self-scheduling on the P(S)Cell when configured to be scheduled from an SCell

2.4.1 [bookmark: _Ref61517573]Non-fallback DCI
For Case 1 and Case 2, it is obvious that the PDCCH monitoring follows the existing behaviors as in Rel-15&16 since the scheduling is not related to the functionality of sScell scheduling P(S)Cell, i.e. UE will monitor non-fallback DCI in USS of sScell.
For Case 3 and Case 4, the following agreement is made in RAN1#103e [3] regarding non-fallback DCI in USS sets:Agreements:
· 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)
· 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: 
· 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 including considering PDCCH monitoring on CSS sets and PDCCH monitoring of ‘DCI formats 0_0, 1_0 scheduling PUSCH/PDSCH on PCell/PSCell’
· 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 configured USS set configured for scheduling of in PCell/PSCell)

To provide a more clear understanding, the above alternatives are illustrated below:
· For Alt. 1, normal USS set(s) can’t be configured in P(S)Cell and one example is given in Figure 4;
[image: ]
[bookmark: _Ref61513366]Figure 4.   Example for Alt. 1 (no Normal USS set configured in PCell)
· For Alt. 2-1, simultaneous monitoring of USS sets of sScell and P(S)Cell is supported and one example is given in Figure 5;
[image: ]
[bookmark: _Ref61513597]Figure 5.   Example for Alt. 2-1 (Simultaneous monitoring USS set in PCell and sScell)
· For Alt. 2-2, USS set in P(S)Cell and sScell are both configured but not active simultaneously. Switching between them is supported and one example is given in Figure 6;
[image: ]
[bookmark: _Ref61514103]Figure 6.   Example for Alt. 2-2 (Switching between USS set in PCell and sScell)
· For Alt. 2-3, simultaneous monitoring of USS sets of sScell and P(S)Cell is supported with separate DCI formats and one example is given in Figure 7;
[image: ]
[bookmark: _Ref61515821]Figure 7.   Example for Alt. 2-3 (DCI separation between USS set in PCell and sScell)
· For Alt. 2-4, USS sets of sScell and P(S)Cell are restricted to be configured in TDM pattern and one example is given in Figure 8.
[image: ]
[bookmark: _Ref61515939]Figure 8.   Example for Alt. 2-4 (TDM configuration of USS set in PCell and sScell)
At RAN1#104 [4], the following working assumption was made:
According to the above working assumption, both Alt. 1 and Alt. 2 are supported but subject to UE capability. Besides, if Alt. 2 is supported, further discussion is needed to select which sub-alternative(s), i.e. whether/how the UE monitors PDCCH from both cells in the same slot/span. To determine this, the UE implementation complexity is a key factor to be considered and should be investigated together with the BD/CCE handling and overbooking handling. Therefore, different candidate combination schemes are listed in the following table.Working Assumption
· When CCS from sScell to PCell/PSCell is configured, UE can be configured to monitor DCI formats 0_1/1_1/0_2/1_2 that schedule PDSCH/PUSCH on PCell/PSCell on PCell/PSCell USS set(s), and/or on sScell USS set(s)
· The WA to be confirmed after agreements are made on PDCCH BD/CCE handling and PDCCH overbooking handling for CCS from sScell to PCell/PSCell
· Specs also allow UEs supporting functionality of only Alt-1. Capability signaling details, if any, can be handled during the UE capability discussion for Rel17
· FFS: Whether the UE can monitor PDCCH from both cells in the same slot.


	Scheme #
	SS configuration
	BD/CCE handling
	Overbooking handling
	UE complexity

	1
	Alt. 1
	Option A/C
	No overbooking
	Low

	2
	Alt. 1
	Option B
	No overbooking/Option 2
	High

	3
	Alt. 2-1
	Option A/C
	No overbooking/Option 1
	Low

	4
	Alt. 2-1
	Option B
	No overbooking/Option 2
	High

	5
	Alt. 2-2
	Option A/C
	No overbooking/Option 1
	Medium

	6
	Alt. 2-2
	Option B
	No overbooking/Option 2
	High

	7
	Alt. 2-4
	Option A/C
	No overbooking/Option 1
	Low

	8
	Alt. 2-4
	Option B
	No overbooking/Option 2
	High



The UE complexity evaluation is based on how to allocate PDCCH blind decoding resource (i.e. no change, long term change, or dynamic). For example, schemes 1, 3 and 7 use fixed or semi-static BD/CCE budget, and thus the BD resource allocation in each monitoring cell is not changed slot by slot. As illustrated in Option A or Option C, Z1p/Z1s and Z3/Z4 are fixed values for each slot, which results in static BD resource allocation. On the other hand, if Option B is adopted, x1(m)+x2(m) and y(m) are dynamically changed from slot to slot although x1(m)+x2(m)+y(m) should meet a fixed upper limit. For scheme 5, the search space switching between Pcell USS and Scell USS results in BD resource reallocation so that the UE complexity is evaluated as medium. It is clearly observed that the key to impact UE complexity doesn’t depend on whether to configure USS in Pcell for self-scheduling but the BD/CCE and overbooking handling. In other words, there is no need to introduce a UE capability to differentiate whether to configure Pcell USS when sScell scheduling Pcell is configured.
[bookmark: _Ref68197746]Proposal 5:  As a mandatory capability when sScellll scheduling Pcell is configured, 
· UE supports to be configured to monitor DCI formats 0_1/1_1/0_2/1_2 that schedule PDSCH/PUSCH on PCell/PSCell on PCell/PSCell USS set(s), and/or on sScell USS set(s) (i.e. Alt 2.1);
· UE monitors PDCCH for scheduling Pcell by separate semi-static BD/CCE budget on Pcell and sScell (i.e. Option A or Option C in Section 2.2);
· UE supports overbooking of Pcell USS for scheduling Pcell (i.e. Option 1 in Section 2.3).
2.4.2 Group common DCI
In RAN1#103e, the following conclusion is made regarding Type 3 CSS:Conclusion:
· When CCS from sScell to PCell/PSCell is configured, the configuration of Type 3 CSS set for DCI formats 2_0, 2_1, 2_2, 2_3, 2_4 and applicability of the information in the DCI formats are the same as in Rel-15/Rel-16
· FFS: DCI format 2_5 and DCI Format 2_6 handling
· Note: The SCell configured with CCS to Pcell/PSCell is referred to as ‘sScell’

DCI format 2_5 is used for notifying the availability of soft resources for IAB operation, which is not the main use case for DSS scenario. Therefore, we don’t see a strong motivation of any enhancement for DCI format 2_5, i.e., the applicability of DCI 2_5 is better to be the same as in Rel-16.
[bookmark: _Ref71626937]Proposal 6: Applicability of DCI 2_5 is the same as in Rel-16.
DCI format 2_6 is used for dormancy incication and it is discussed in Section 2.5.
2.4.3 Fallback DCI
For Case 1 (sScell->sScell) and Case 2 (sScell->N-Scell), the PDCCH monitoring follows the legacy behavior in NR Rel-15&16 including the fallback DCI in USS, i.e. UE monitors fallback DCI in USS for Case 1 but not for Case 2. 
For Case 3 (sScell->P(S)Cell), DCI 0_0/1_0 in USS of sScell is not used for scheduling of P(S)Cell according to the following agreement made in RAN1#104:Agreement
· When CCS from sScell to PCell/PSCell is configured, UE monitors ‘DCI formats 0_0 and 1_0 in CSS that schedule PDSCH/PUSCH on PCell/PSCell’ only on the PCell/PSCell and not on the sScell

For Case 4 (P(S)Cell ->P(S)Cell), the monitoring of fallback DCI in USS of P(S)Cell is better to be aligned with the behavior of non-fallback DCI in USS of P(S)Cell as described in Section 2.4.1. For fallback DCI in CSS of P(S)Cell, the behavior should follow the legacy behavior in NR Rel-15&16.
[bookmark: _Ref68197755]Proposal 7: The monitoring behavior of DCI 0_0/1_0 in USS of P(S)Cell is aligned with that of DCI 0_1/1_1 in USS of P(S)Cell.
In summary, the PDCCH monitoring details for different cases are provided in Appendix.
2.5 Dormancy related issues
[bookmark: _Ref54027423]In NR Rel-15/16, an SCell could be indicated as dormant for a UE and not be monitored by the UE. However, when an Scell is configured to schedule P(S)cell, the P(S)cell cannot be scheduled properly when the Scell becomes dormant. There are two different directions to solve the problems: one is to restrict that the sScell can’t be indicated as dormant, and the other is to define additional UE behavior when this happens. 
[bookmark: _Ref54079871]Proposal 8: Whether and how to support sScell dormancy should be studied.
Besides, another related issue is dormancy indication. In NR Rel-16, dormancy indication is only located in P(S)cell via non-fallback DCI or DCI 2_6. When sScell is enabled to schedule P(S)cell, there may not be non-fallback DCI in P(S)cell if USS is not configured in P(S)cell. In this case, DCI 2_6 in P(S)cell is the only way to indicate dormancy under legacy limitation. To further save the PDCCH overhead in P(S)cell, it seems beneficial to allow DCI 2_6 transmission or DCI 0_1/1_1 with dormancy indication in sScell. 
[bookmark: _Ref54085632]Proposal 9: Support dormancy in sScell via DCI 2_6 or DCI 0_1/1_1 in sScell.

2.6 BFR and RLF
When sScell scheduling Pcell is enabled, and if the scheduling Scell (S-Scell) has beam quality or link quality problems, it may, in turn, affect the transmission of Pcell or even all other Scells. Therefore, further discussion on the following aspects regarding BFR and RLF processes of Pcell and sScell is needed [6]:
· Issue1. How to proceed Pcell BFR procedure when sScell scheduling Pcell is enabled, especially when Pcell has no USS
· Issue2. Whether/how to distinguish sScell BF and normal Scell BF
· Issue3. Measurement and condition for BF triggering/RLF triggering, e.g., whether UE has to consider measurement results from both cells when evaluating the channel condition Pcell and sScell
Based on the discussion in our contribution[6], we have the following proposal:
[bookmark: _Ref71646651]Proposal 10: Whether and how to enhance the BFR/RLF procedure when sScell scheduling Pcell is enabled.
3. Conclusion
In this contribution, we focus on Scell scheduling P(S)cell, and have the following proposals:
Proposal 1: Reuse search space linkage rule within cross-carrier scheduling framework in NR Rel-15 for determination of search spaces for Scell scheduling Pcell.
Proposal 2: Indication of ‘other’ in schedulingCellInfo for a P(S)Cell means that the P(S)Cell could be scheduled by itself and another Scell jointly.
Proposal 3: Dynamic activation/deactivation of scheduling from sScell to PCell/PSCell with additional signaling is not supported.
Observation 1: For Pcell self-scheduling and sScell scheduling Pcell, Option A and Option C have separate semi-static BD budget while Option B implies dynamic BD allocation by meeting a total BD budget across them.
Proposal 4:  Regarding overbooking handling, the following two options can be considered:
· Option1. The overbooking process for P(S)cell considerPDCCH candidate/CCE for P(S)cell self-scheduling only
· Option2. The overbooking process for P(S)cell consider PDCCH candidate/CCE for both P(S)cell self-scheduling and PDCCH candidate/CCE for sScell scheduling P(S)cell
Proposal 5:  As a mandatory capability when sScellll scheduling Pcell is configured, 
· UE supports to be configured to monitor DCI formats 0_1/1_1/0_2/1_2 that schedule PDSCH/PUSCH on PCell/PSCell on PCell/PSCell USS set(s), and/or on sScell USS set(s) (i.e. Alt 2.1);
· UE monitors PDCCH for scheduling Pcell by separate semi-static BD/CCE budget on Pcell and sScell (i.e. Option A and Option C in Section 2.2);
· UE supports overbooking of Pcell CSS and Pcell USS for scheduling Pcell.
Proposal 6: Applicability of DCI 2_5 is the same as in Rel-16.
Proposal 7: The monitoring behavior of DCI 0_0/1_0 in USS of P(S)Cell is aligned with that of DCI 0_1/1_1 in USS of P(S)Cell.
Proposal 8: Whether and how to support sScell dormancy should be studied.
Proposal 9: Support dormancy in sScell via DCI 2_6 or DCI 0_1/1_1
Proposal 10: Whether and how to enhance the BFR/RLF procedure when sScell scheduling Pcell is enabled.
Appendix
Table 1	PDCCH monitoring for Case 1 and Case 2
	Case
	Scheduling cell
	PDCCH Monitroing Purpose
	Search space (SS)
	DCI format
	RNTI

	1
	sScell
	Scheduling PDSCH/PUSCH on sScell
	All configured USSs in active BWP 
	0_0, 1_0, 0_1, 1_1, 0_2, or 1_2 if configured in the USS
	C-RNTI, MCS-C-RNTI, CS-RNTI or SP-CSI-RNTI if provided

	
	
	Information indication for configured serving cells
	All configured Type 3 CSSs in active BWP 
	2_0, 2_1, 2_2, 2_3, 2_4, 2_5 if configured
	SFI-RNTI, INT-RNTI, TPC-PUSCH-RNTI /TPC-PUCCH-RNTI, TPC-SRS-RNTI, ci-RNTI , AI-RNTI

	2
	sScell 
	Scheduling PDSCH/PUSCH on N-Scell
	The configured USSs in active BWP of sScell that have linked light USSs in active BWP of N-Scell
	0_1, 1_1, 0_2, 1_2 if configured in the USS of N-Scell
	C-RNTI, MCS-C-RNTI, CS-RNTI or SP-CSI-RNTI if provided


Table 2	PDCCH monitoring for Case 3
	Case
	Scheduling cell
	PDCCH Monitroing Purpose
	Search space (SS)
	DCI format
	RNTI

	3
	sScell 
	Scheduling PDSCH/PUSCH on P(S)cell
	The configured USSs in active BWP of sScell that have linked light USSs in active BWP of P(S)cell
	0_1, 1_1, 0_2, 1_2 if configured in the USS of N-Scell
	C-RNTI, MCS-C-RNTI, CS-RNTI or SP-CSI-RNTI if provided


Table 3	PDCCH monitoring for Case 4
	Case
	Scheduling cell
	PDCCH monitoring purpose
	Search space (SS)
	DCI format
	RNTI

	4
	P(S)cell
	Scheduling PDSCH/PUSCH with control info on P(S)cell
	Configured Type 0/0A/1/2 CSS
	0_0/1_0
	SI-RNTI, RA-RNTI, P-RNTI, MsgB-RNTI, TC-RNTI

	
	
	Scheduling PDSCH/PUSCH with on P(S)cell
	Configured Type 0/0A/1/2 CSS
	0_0/1_0
	C-RNTI, MCS-C-RNTI, CS-RNTI if provided 

	
	
	Information indication for configured serving cells
	Configured Type 3 CSS
	2_0, 2_1, 2_2, 2_3, 2_4, 2_5, 2_6 if configured
	SFI-RNTI, INT-RNTI, TPC-PUSCH-RNTI /TPC-PUCCH-RNTI, TPC-SRS-RNTI, ci-RNTI , AI-RNTI, PS-RNTI

	
	
	Scheduling PDSCH/PUSCH with on P(S)cell
	Configured Type 3 CSS
	0_0/1_0
	C-RNTI, MCS-C-RNTI, CS-RNTI if provided and DCI size in Type 3 CSS is the same as DCI size of 0_0/1_0

	
	
	Scheduling PDSCH/PUSCH with on P(S)cell
	Configured complete USS
	0_0/1_0/0_1/1_1/0_2/1_2 if configured
	C-RNTI, MCS-C-RNTI, CS-RNTI or SP-CSI-RNTI if provided


References
[1] [bookmark: _Ref47017740]RP-193260, “New WID on NR Dynamic spectrum sharing (DSS)” , Ericsson, RAN #86, Dec 2019.
[2] [bookmark: _Ref53393056]Chairman notes, RAN1#102-e, August 17th – 28th, 2020.
[3] [bookmark: _Ref68197565]Chairman notes, RAN1#103-e, October 26th – November 13th, 2020.
[4] [bookmark: _Ref68197577]Chairman notes, RAN1#104-e, January 25th – February 5th, 2021.
[5] [bookmark: _Ref71389348]Chairman notes, RAN1#104b-e, April 12th – 20th, 2021.
[6] [bookmark: _Ref71646318]R1-2104394, RAN1#105-e, May 10th – 27th, 2021, vivo
image3.png
Pcell

sScell

Case 1: Same SCS

Case 2: Different SCS




image4.emf
8 16

8 16

USS can be used for 

scheduling Pcell

CSS

CSS#1

USS#2

Z1p=24

P(S)cell

Slot#0

Slot#1 Slot#2 Slot#3


Microsoft_Visio_Drawing.vsdx
8
16
8
16
USS can be used for scheduling Pcell
CSS
CSS#1
USS#2
Z1p=24
P(S)cell
Slot#0
Slot#1
Slot#2
Slot#3



image5.emf
16

16

16

USS can be used for 

scheduling Pcell

CSS

CSS#1

USS#2

USS#3

Slot#0

Slot#1 Slot#2

Slot#3

8

P(S)cell

S-Scell

16

USS#4

Z2


Microsoft_Visio_Drawing1.vsdx

16
16

16
USS can be used for scheduling Pcell
CSS
CSS#1
USS#2
USS#3
Slot#0
Slot#1
Slot#2
Slot#3
8
P(S)cell
S-Scell
16
USS#4

Z2



image6.png
B Configured USS and active monitoring

P(S)Cell

S-SCell

V

VYV





image7.png
B Configured USS and active monitoring

P(S)Cell I/\

S-SCell

vy T





image8.png
B Configured USS and active monitoring

Switching
, I  Configured USS but inactive monitoring
P(S)Cell [~ o
A a A A .
I t I I ' i i i '
H T T T T N
: L + L ; 1
1 I 1 I !
1 1 1 1 !
7
S-SCell -/ / 4 ’ _





image9.png
B Configured USS and active monitoring

0.1
P(S)Cell I/\

I I

S-SCell

¥y





image10.png
B Configured USS and active monitoring

P(S)Cell

-

S-SCell

PT i





image1.png
Pcell

sScell

Case 1: Same SCS Case 2: Different SCS




image2.png
Pcell

sScell

Case 1: Same SCS Case 2: Different SCS




