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1. Introduction
In RAN1 #105-e [1], it is agreed that 

Agreement
Two types of UEs (Type A and Type B) can support CCS from sSCell to P(S)Cell 
· 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
· 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 (UE can monitor DCI formats 0_1,1_1,0_2,1_2 on both PCell USS set(s) and sSCell USS sets simultaneously)
· There is no restriction on Type-0/0A/1/2-CSS sets configurations
· FFS: BD/CCE handling
· For Type A and/or Type B UE
· FFS: switching to ‘normal’ PDCCH monitoring on P(S)Cell when sSCell is deactivated
· FFS: Whether Type A is specified or is Type-B with restrictions (as part of UE features discussion)
· FFS: Whether the UE can be configured with unaligned CA
· FFS: Whether the above applies for multicast PDSCH

In RAN1 #106-bis-e [2], it is agreed that 
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
· 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.

In this contribution, we focus on the discussions for Rel-17 cross-carrier scheduling from SCell to P(S)Cell for NR.
2. Discussion about Type A UE
2.1 Separation grid for search space sets on P(S)Cell and search space sets on sSCell

According to the RAN1 #105e [1] agreement as shown below:

Agreement
Two types of UEs (Type A and Type B) can support CCS from sSCell to P(S)Cell 
· 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
· …
It can be seen that the designated search space sets on P(S)Cell and search space sets on sSCell are not overlapping by [slot/symbol] for Type A UE. Since the blind decoding budget in 38.213 [3] is defined in the unit of slot, to minimize the spec impact on BD/CCE handling and to enable potential backward compatibility of Type A UE to Rel-15/16 UE, it is more reasonable to set the separation grid on slot.

Proposal 1: For Type A UE, since the blind decoding budget in 38.213 [3] is defined in the unit of slot, to minimize the spec impact on BD/CCE handling, and to enable potential backward compatibility of Type A UE to Rel-15/16 UE:
· the designated search space sets on P(S)Cell and search space sets on sSCell are not overlapping by slot


2.2 Whether Type 0/0A/1/2/3 CSS sets on P(S)Cell can overlap with USS set(s) for scheduling P(S)Cell on sSCell

One discussion point for Type A UE during RAN1 #106-bis-e is how to handle the case when Type 0/0A/1/2/3 CSS sets on P(S)Cell overlaps with USS set(s) for scheduling P(S)Cell on sSCell. If Type 0/0A/1/2/3 CSS sets on P(S)Cell can be separated in time with USS set(s) for scheduling P(S)Cell on sSCell, then the PDCCH monitoring for P(S)Cell and sSCell are totally separated in time. Moreover, if the time separation is on slot level, then there is no spec impact on BD/CCE handling for Type A UE.  However, some companies have concern on separating Type 0/0A/1/2/3 CSS sets on P(S)Cell with USS set(s) for scheduling P(S)Cell on sSCell, since Type 0/0A/1/2/3 CSS sets on P(S)Cell can be cell-specifically configured, and ensuring this separation would result in restriction on NW configuration of the USS set(s) for scheduling P(S)Cell on sSCell.

Observation 1: For Type A UE, If Type 0/0A/1/2/3 CSS sets on PCell/PSCell are separated with USS set(s) for scheduling P(S)Cell on sSCell, then the PDCCH monitoring for PCell and sSCell are totally separated in time. Moreover, if the time separation is on slot level, then there is no spec impact on BD/CCE handling for Type A UE. 
· Some companies may have concern on separating Type 0/0A/1/2/3 CSS sets on P(S)Cell with USS set(s) for scheduling P(S)Cell on sSCell, since Type 0/0A/1/2/3 CSS sets on P(S)Cell can be cell-specifically configured, and ensuring this separation would result in restriction on NW configuration of the USS set(s) for scheduling P(S)Cell on sSCell.


During RAN1 #106-bis-e, two possible approaches are brought up during the discussion:

For basic UE type (Type A):
· Possible Approach 1
· BD/CCE limits for Type B UEs are applicable for all UEs supporting cross-carrier scheduling from sSCell to P(S)Cell
· Additional simplifications to PDCCH monitoring can be discussed during UE capabilities discussions including the following
· Type A UE as per RAN1#105-e agreement and
· simultaneous monitoring of ‘USS sets (for P(S)Cell scheduling) on sSCell’ and ‘Type 0/0A/1/2/CSS sets on P(S)Cell’ 
· 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’ 
· simultaneous monitoring of ‘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 not scrambled by C-RNTI/MCS-C-RNTI/CS-RNTI’
· Possible Approach 2 
· All UEs (supporting cross-carrier scheduling from SCell to Pcell) can be configured with Type 0/0A/1/2/CSS sets on P(S)Cell that overlap with sSCell USS sets (for P(S)Cell scheduling)
· Type A UEs drop the USS set(s) on sSCell (for P(S)Cell scheduling) that overlap in same [symbol/slot] as Type 0/0A/1/2/CSS sets on P(S)Cell
· Separate UE capability is introduced for the Type A UEs

To our understanding, Possible Approach 1 correspond to Type-B UEs with certain restrictions; for Possible Approach 1, UE would have to monitor overlapping “Type-0/0A/1/2(/3) CSS sets on PCell” and “USS sets on sSCell”, which means UE still has to decode PDCCH for PCell on PCell and sSCell in the same symbol/slot, which does not seem to fit the original spirit of Type A UE RAN1 designed for: UE does not have to decode PDCCH for PCell on PCell and sSCell in the same symbol/slot. 


Observation 2: For Type A UE using Possible Approach 1, UE would have to monitor overlapping “Type-0/0A/1/2(/3) CSS sets on PCell” and “USS sets on sSCell”, which means UE still has to decode PDCCH for PCell on PCell and sSCell in the same symbol/slot. This does not seem to fit the spirit of Type A UE RAN1 designed for. 

Hence, we have the following proposals 2 based on Possible Approach 2.

Proposal 2 (based on Possible Approach 2): 
· For Type A UE, Type 0/0A/1/2/3 CSS set(s) on P(S)Cell can be configured to overlap with USS set(s) for scheduling P(S)Cell on sSCell (i.e., there is no restriction on Type-0/0A/1/2/3 CSS set(s) configurations)
· UE drops the USS set(s) for scheduling P(S)Cell on sSCell if it overlaps (on slot level) with the Type 0/0A/1/2/3 CSS set(s) on P(S)Cell

During RAN1 #106-bis-e, some companies have concerns on Possible Approach 2 about:
1) scheduling of broadcast transmissions (e.g. SI, paging) across all UEs in a e.g. FDD PCell have to reprovisioned
2) RACH procedure is impacted since RA-RNTI monitoring also has to follow a TDM pattern
For these two concerns, we are open to hear views from more companies.

Observation 3: The two concerns on Possible Approach 2 as listed above can be further discussed/checked by companies in RAN1 #107-e.
3. Overbooking handling on P(S)Cell

According to 38.213 [3] 10.1, the concept of overbooking is to define a “per scheduled cell BD limit for USS set: ” for P(S)Cell
[image: ]
so that some USS CORSETs for P(S)Cell may be dropped to ensure the total PDCCH BD does not exceed the “per scheduled cell BD limit”   for P(S)Cell.

In RAN1 #106-bis-e, it is agreed that 
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
· …
·   is used for P(S)Cell overbooking procedure

For overbooking procedure described in 38.213 [3] 10.1, the following text are used to determine the dropping order of USS CORSETs for P(S)Cell: 
· Denote by [image: ], [image: ], the number of counted PDCCH candidates for monitoring for CSS set [image: ] and by [image: ], [image: ], the number of counted PDCCH candidates for monitoring for USS set [image: ]. 

RAN1 agreed that there is no overbooking for P(S)Cell on sSCell, and is used for P(S)Cell overbooking procedure, so only the P(S)Cell’s USS on P(S)Cell should be accounted for dropping in overbooking procedure using .

Observation 4: RAN1 agreed that there is no overbooking for P(S)Cell on sSCell, and is used for P(S)Cell overbooking procedure, so only the P(S)Cell’s USS on P(S)Cell should be accounted for dropping in overbooking procedure using .

We hence have the following proposal:

Proposal 3: Adopt the following TP to 38.213 [3] 10.1
· Denote by [image: ], [image: ], the number of counted PDCCH candidates for monitoring for CSS set [image: ] and by [image: ], [image: ], the number of counted PDCCH candidates for monitoring for USS set [image: ].  For cross-carrier scheduling from SCell to P(S)Cell, [image: ] considers only 
PDCCH candidates for monitoring for USS set on P(S)Cell for same cell scheduling.
4. Discussion about DCI processing capabilities (FG 3-1 and FG 3-5b)
In Rel-15 NR, FG 3-1 is defined for per slot PDCCH monitoring limit and FG 3-5b is defined for per span PDCCH monitoring limit as shown in Figure 3 below. In Rel-17 DSS there are two scheduling cells (sSCell and P(S)Cell) for P(S)Cell and the SCS of the two scheduling cells (sSCell and P(S)Cell) can be different. Hence, introducing per span limit for Rel-17 DSS would be very complicated and we think following a similar form of FG 3-1 is adequate.

[image: ]
Figure 3

Proposal 4: For the scheduled P(S)Cell, UE can process 1D1U unicast DCI for FDD P(S)Cell and 1D2U unicast DCI for TDD PCell/PSCell per SCS=15K slot.
5. Summary 
In this contribution, we focus on the discussions for Rel-17 cross-carrier scheduling from SCell to P(S)Cell for NR and have the following observations and proposals:

Proposal 1: For Type A UE, since the blind decoding budget in 38.213 [3] is defined in the unit of slot, to minimize the spec impact on BD/CCE handling, and to enable potential backward compatibility of Type A UE to Rel-15/16 UE:
· the designated search space sets on P(S)Cell and search space sets on sSCell are not overlapping by slot

Observation 1: For Type A UE, If Type 0/0A/1/2/3 CSS sets on PCell/PSCell are separated with USS set(s) for scheduling P(S)Cell on sSCell, then the PDCCH monitoring for PCell and sSCell are totally separated in time. Moreover, if the time separation is on slot level, then there is no spec impact on BD/CCE handling for Type A UE. 
· Some companies may have concern on separating Type 0/0A/1/2/3 CSS sets on P(S)Cell with USS set(s) for scheduling P(S)Cell on sSCell, since Type 0/0A/1/2/3 CSS sets on P(S)Cell can be cell-specifically configured, and ensuring this separation would result in restriction on NW configuration of the USS set(s) for scheduling P(S)Cell on sSCell.

Observation 2: For Type A UE using Possible Approach 1, UE would have to monitor overlapping “Type-0/0A/1/2(/3) CSS sets on PCell” and “USS sets on sSCell”, which means UE still has to decode PDCCH for PCell on PCell and sSCell in the same symbol/slot. This does not seem to fit the spirit of Type A UE RAN1 designed for. 

Proposal 2 (based on Possible Approach 2): 
· For Type A UE, Type 0/0A/1/2/3 CSS set(s) on P(S)Cell can be configured to overlap with USS set(s) for scheduling P(S)Cell on sSCell (i.e., there is no restriction on Type-0/0A/1/2/3 CSS set(s) configurations)
· UE drops the USS set(s) for scheduling P(S)Cell on sSCell if it overlaps (on slot level) with the Type 0/0A/1/2/3 CSS set(s) on P(S)Cell

Observation 3: The two concerns on Possible Approach 2 as listed above can be further discussed/checked by companies in RAN1 #107-e.

Observation 4: RAN1 agreed that there is no overbooking for P(S)Cell on sSCell, and is used for P(S)Cell overbooking procedure, so only the P(S)Cell’s USS on P(S)Cell should be accounted for dropping in overbooking procedure using .

Proposal 3: Adopt the following TP to 38.213 [3] 10.1
· Denote by [image: ], [image: ], the number of counted PDCCH candidates for monitoring for CSS set [image: ] and by [image: ], [image: ], the number of counted PDCCH candidates for monitoring for USS set [image: ].  For cross-carrier scheduling from SCell to P(S)Cell, [image: ] considers only 
PDCCH candidates for monitoring for USS set on P(S)Cell for same cell scheduling.

Proposal 4: For the scheduled P(S)Cell, UE can process 1D1U unicast DCI for FDD P(S)Cell and 1D2U unicast DCI for TDD PCell/PSCell per SCS=15K slot.
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Basic DL control channel (per slot
limit)

* Monitoring occasion for USS: within the first 3 OFDM symbols of a slot
Processing one unicast DCl scheduling DL and one unicast DCl scheduling UL per
scheduled CC across this set of monitoring occasions for FDD

Mandatory without capability
signalling

o Processing one unicast DCl scheduling DL and two unicast DCl scheduling UL per | LD1U for FDD
scheduled CC across this set of monitoring occasions for TDD 1D2U for TDD
Al PDCCH monitoring occasion | All PDCCH monitoring occasion can be any OFDM symbol(s) of a slot for Case 2, | Optional

can be any OFDM symbol(s) of a
slot for Case 2 with a span gap
(per span limit)

and for any two PDCCH monitoring occasions in same or different search spaces,
there is a minimum time separation of X OFDM symbols (including the cross-slot
boundary case) between the start of two spans, where each span is of length up to
Y consecutive OFDM symbols in which PDCCH is configured to be monitored. For
the set of monitoring occasions which are within the same span:
 Processing one unicast DCl scheduling DL and one unicast DCI scheduling UL per
scheduled CC across this set of monitoring occasions for FDD
Processing one unicast DCl scheduling DL and two unicast DCl scheduling UL per
scheduled CC across this set of monitoring occasions for TDD
Processing two unicast DCl scheduling DL and one unicast DCl scheduling UL per
scheduled CC across this set of monitoring occasions for TDD

Candidate value set for (X, Y)
{17, 3),

[(4,3)and (7, 3)],

[(2,2)and (4, 3) and (7, 3)] }

1D1U for FDD
1D2U for TDD
2D1U for TDD





image1.png
Micss = min{ Mot Afstsots ) ppes




image2.wmf
)

(

)

(

css

L

i

S

M


