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1. Background
In this contribution, we share our views on remaining issues for cross-carrier scheduling from an SCell to the PCell/PSCell. 

2. BD/CCE handling
On BD/CCE handling, following agreement has been made [1].
	Agreement
Option A is supported in Rel-17
· At least for Type B UE, when the UE is configured for CCS from sSCell to P(S)Cell and when P(S)Cell SCS () is less than or equal to sSCell SCS (),[and at least when UE is not provided monitoringCapabilityConfig for any cell]
· Option A
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· UE is not required to monitor more than [ or ] PDCCH BD candidates per sSCell slot
· UE is additionally not required to monitor more than  PDCCH BD candidates per P(S)Cell slot
·   is based on RRC configuration 
·   is used for P(S)Cell overbooking procedure
· When determining  and  
· P(S)Cell self-scheduling is counted by applying scaling factor s1 
· sSCell to P(S)Cell scheduling is counted additionally (assuming SCS of sSCell) by applying scaling factor s2
· s1=1 and s2=0, FFS other s1 and s2
·   and  are based on RRC configuration
· FFS: additional constraints on s1 and s2 e.g., 1 ≤ s1+s2 ≤ 2 or s1 + s2  1
· Note:  is as in Rel16 
· UE capability/incapability indication for below to be discussed as part of UE features discussion
· All search space configurations monitored on sSCell for cross-carrier scheduling to P(S)Cell are within a single span of [3] consecutive OFDM symbols within a duration spanning P(S)Cell slot
· Same approach as above is used for CCE limits
· FFS: Separate vs. same RRC configured scaling factors (corresponding to ) for BD and CCE limits.
· When P(S)Cell SCS () is larger than sSCell SCS (), for CCS from sSCell to P(S)Cell and, it is not supported Rel-17 DSS.



There are still several open issues in the above. 

Numerology of P(S)Cell
Although the whole feature is for DSS scenario, P(S)Cell SCS is not yet clarified. We believe there is no case where the feature is useful other than P(S)Cell DSS at least in Rel-17. Similar to the other DSS features, the spec for cross-carrier scheduling from sSCell to P(S)Cell should be limited to the case of P(S)Cell SCS 15kHz. Otherwise, we have to design the UE capability signalling such that the UE can report supported P(S)Cell SCS, which must be redundant in Rel-17.

Determination on [ or ]
 should be adopted. For a CA configuration, the UE reporting pdcch-BlindDetectionCA is not required to support more than  PDCCH blind decodes for SCS configuration m1. If we agree   for [ or ], the UE is eventually required to support  BDs for SCS configuration m1 in total. This is against the scope.

Regarding RRC configuration for 0≤α≤1
For the RRC configuration, 3 values should be sufficient. We propose the values of {0.25, 0.5, 0.75}.

{s1, s2} other than {1, 0}
We do not think other than {1, 0} is necessary. The other pair of values result in new values of  for P(S)Cell and/or sSCell SCS configurations under the same CA configuration and reported pdcch-BlindDetectionCA as described in the following table. If the purpose is to enable higher BD/CCE budget, report of higher value of pdcch-BlindDetectionCA can already be an available approach.

	DL-CA with {15kHz x 4CCs, 30kHz x 4CCs, 120kHz x 2CCs} and pdcch-BlindDetectionCA = 4

	{s1, s2}
	
	
	

	No CCS
	70
	57
	16

	{1, 0}
	70
	57
	16

	{0.5, 0.5}
	61 (smaller)
	64 (larger)
	16

	{1, 1}
	80 (larger)
	65 (larger)
	14 (smaller)



Separate vs. same RRC configured scaling factors (corresponding to ) for BD and CCE limits
There could be some cases where BD budget is sufficient but CCE budget is not if the same semi-static BD/CCE split ratio a is applied for BD and CCE. We are OK to discuss enabling separate values of a for BD and CCE limits, given the condition that the same parameter a = {0.25, 0.5, 0.75} is used for both BD and CCE limits.

With the above views, we propose to update the RAN1#106bis-e agreement as follows.

Proposal 1: Update the RAN1#106bis-e agreement as follows.
· At least for Type B UE, when the UE is configured for CCS from sSCell to P(S)Cell and when P(S)Cell SCS () is less than or equal to sSCell SCS (),[and at least when UE is not provided monitoringCapabilityConfig for any cell]
· Option A
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· UE is not required to monitor more than [ or ] PDCCH BD candidates per sSCell slot
· UE is additionally not required to monitor more than  PDCCH BD candidates per P(S)Cell slot
·    is based on RRC configuration 
·   is used for P(S)Cell overbooking procedure
· When determining  and  
· P(S)Cell self-scheduling is counted by applying scaling factor s1 
· sSCell to P(S)Cell scheduling is counted additionally (assuming SCS of sSCell) by applying scaling factor s2
· s1=1 and s2=0, FFS other s1 and s2
·   and  are based on RRC configuration
· FFS: additional constraints on s1 and s2 e.g., 1 ≤ s1+s2 ≤ 2 or s1 + s2  1
· Note:  is as in Rel16 
· UE capability/incapability indication for below to be discussed as part of UE features discussion
· All search space configurations monitored on sSCell for cross-carrier scheduling to P(S)Cell are within a single span of [3] consecutive OFDM symbols within a duration spanning P(S)Cell slot
· Same approach as above is used for CCE limits
·  is based on RRC configuration 
· FFS: Separate vs. same RRC configured scaling factors (corresponding to ) for BD and CCE limits.
· When P(S)Cell SCS () is other than 15kHz larger than sSCell SCS (), for CCS from sSCell to P(S)Cell and, it is not supported Rel-17 DSS.


3. PDCCH monitoring for Type A
At the RAN1#105-e meeting, following agreements have been made [2]. 
	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
· 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



For Type A, following has been proposed by FL at the RAN1#106bis-e meeting [3]:
	· Down-select from following approaches for PDCCH monitoring and BD limit handling for Type A UE
· Possible Approach 1
· All UEs (supporting cross-carrier scheduling from SCell to Pcell) can simultaneously monitor ‘USS sets (for P(S)Cell scheduling) on sSCell’ and ‘Type 0/0A/1/2/CSS sets on P(S)Cell at least for broadcast DCI formats’
· 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’
· Separate UE capability/incapability is introduced to indicate support/no support of 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 unicast DCI formats’
· 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)
· [bookmark: _Hlk86472969]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
· BD/CCE limit for Type A UE is based on one of the following approaches
· Option B (discussed earlier for Type B UEs)
· Option D
· In a slot, if the PDCCH candidates are only configured on P(S)Cell, the BD/CCE limit on this slot is determined based on the P(S)Cell configurations
· In a slot, if the PDCCH candidates are configured only on sSCell, the BD/CCE limit on this slot is determined based on the sSCell configurations
· The limit of Rel-16 UE capability is applied without further restrictions
· Option E
· No per-slot change in  and 



For Type-A, the basic principle is that a UE is not required to process PDCCH for “cross-carrier scheduling from sSCell to P(S)Cell” and PDCCH for “P(S)Cell self-scheduling” at a given time. From the above FL proposal, following two alternatives can be considered:

· Alt.1 (captured under possible approach 1): 
· 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’
· Alt.2 (captured under possible approach 2): 
· 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

Alt.1 has a minimal restriction from network point of view – transmitting unicast PDCCH on the broadcast CSS sets, which must be NOT a typical scheduler behaviour for a UE that is already configured with DL CA, at some slots, is not allowed. On a slot where the restriction on Type 0/0A/1/2 CSS sets is present, unicast PDCCH (for cross-carrier scheduling to P(S)Cell) can still be transmitted on the sSCell. Having said this, there is no loss of scheduler flexibility (for both broadcast PDCCH and unicast PDCCH) at the network side.

On the other hand, Alt.2 is obviously restrictive from network point of view. For example, for a network that configures Type-1 CSS set on every slot or every other slot, sSCell USS sets are dropped in many slots. The network should be either to accept the loss of unicast PDCCH transmission occasions on sSCell, or to configure broadcast PDCCH monitoring periodicity to be longer, which must impact on all the UEs in the cell.

From UE implementation point of view, Alt.2 does not offer a benefit compared to Alt.1. In general, processes for unicast and broadcast can be in parallel in FR1. There is no reason to drop the whole sSCell USS sets due to enabling broadcast PDCCH monitoring on P(S)Cell even for Type-A UE. Therefore, Alt.1 must be a better solution.

Moreover, Alt.2 with BD handling of Option B or D is beyond the semi-static BD split that is adopted for Type B (Option E is incomplete). With the agreement for Type B, it does not make sense to enable dynamic BD sharing for Type A since in this case, neither of Type A or Type B allows “simplified” implementation. Irrespective of which from Alt.1 and Alt.2 is chosen, the BD handling should follow the agreement for Type B.

Proposal 2:
· BD/CCE limits for Type B UEs are applicable for Type A UEs supporting cross-carrier scheduling from sSCell to P(S)Cell
· For Type A UE, there is no restriction on Type-0/0A/1/2-CSS sets configurations
· 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’

The example outlook of how a Type A UE monitors PDCCH on PCell/PSCell and sSCell is in Figure 1.

[image: ]
Fig. 1	Example of PDCCH monitoring configurations for Type A UEs


4. FFS: switching to ‘normal’ PDCCH monitoring on P(S)Cell when sSCell is deactivated
Based on the discussions so far, our understanding on the proposal “switching to ‘normal’ PDCCH monitoring on P(S)Cell when sSCell is deactivated” can be as follows. Take Type B as an example:
· When the sSCell is activated,
· A UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot
·   is used for P(S)Cell overbooking procedure
· When the sSCell is deactivated, 
· The UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot
·   is used for P(S)Cell overbooking procedure
· With the above two bullets, whether to monitor one or some P(S)Cell USS set(s) is depending on whether the sSCell is activated/deactivated

We think this is unnecessary optimization. For both Type A and Type B, unicast data can be scheduled on P(S)Cell by P(S)Cell USS sets even when sSCell is deactivated. Deactivating sSCell when there is less/no traffic to the UE does not cause serious issue.

“switching to ‘normal’ PDCCH monitoring on P(S)Cell when sSCell is deactivated” would require UE to re-calculate necessary BDs/CCEs and determine which search space sets on P(S)Cell are monitored (or not monitored due to PDCCH overbooking) every time sSCell activation/deactivation occurs in dynamic manner. For such a dynamic switch, the timing when the UE has to change the PDCCH monitoring behavior will be an open issue. However, so far, for SCell activation/deactivation, the exact timing when the UE starts/stops PDCCH monitoring due to the activation/deactivation during SCell activation/deactivation process has not been specified and is up to UE implementation. Specifying the switching timing causes significant impact on the UE behaviour and specifications/requirements and therefore, regardless of whether the “switching to ‘normal’ PDCCH monitoring on P(S)Cell when sSCell is deactivated” is supported or not, RAN1 do not change the principle that the exact timing when the UE starts/stops PDCCH monitoring due to SCell activation/deactivation is not specified.

Proposal 3:
· For sSCell activation/deactivation, no new requirement on the timing when the UE starts/stops PDCCH monitoring during the sSCell activation/deactivation process is specified.
· I.e., no change on legacy SCell activation/deactivation
· Switching to ‘normal’ PDCCH monitoring on P(S)Cell when sSCell is deactivated is not supported.

5. Conclusion
In this contribution, we discussed cross-carrier scheduling from an SCell to the P(S)Cell and proposed following.

Proposal 1: Update the RAN1#106bis-e agreement as follows.
· At least for Type B UE, when the UE is configured for CCS from sSCell to P(S)Cell and when P(S)Cell SCS () is less than or equal to sSCell SCS (),[and at least when UE is not provided monitoringCapabilityConfig for any cell]
· Option A
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· UE is not required to monitor more than [ or ] PDCCH BD candidates per sSCell slot
· UE is additionally not required to monitor more than  PDCCH BD candidates per P(S)Cell slot
·    is based on RRC configuration 
·   is used for P(S)Cell overbooking procedure
· When determining  and  
· P(S)Cell self-scheduling is counted by applying scaling factor s1 
· sSCell to P(S)Cell scheduling is counted additionally (assuming SCS of sSCell) by applying scaling factor s2
· s1=1 and s2=0, FFS other s1 and s2
·   and  are based on RRC configuration
· FFS: additional constraints on s1 and s2 e.g., 1 ≤ s1+s2 ≤ 2 or s1 + s2  1
· Note:  is as in Rel16 
· UE capability/incapability indication for below to be discussed as part of UE features discussion
· All search space configurations monitored on sSCell for cross-carrier scheduling to P(S)Cell are within a single span of [3] consecutive OFDM symbols within a duration spanning P(S)Cell slot
· Same approach as above is used for CCE limits
·  is based on RRC configuration 
· FFS: Separate vs. same RRC configured scaling factors (corresponding to ) for BD and CCE limits.
· When P(S)Cell SCS () is other than 15kHz larger than sSCell SCS (), for CCS from sSCell to P(S)Cell and, it is not supported Rel-17 DSS.

Proposal 2:
· For Type A UE, BD/CCE limits for Type B UEs are applicable for all UEs supporting cross-carrier scheduling from sSCell to P(S)Cell
· For Type A UE, there is no restriction on Type-0/0A/1/2-CSS sets configurations
· 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’

Proposal 3:
· For sSCell activation/deactivation, no new requirement on the timing when the UE starts/stops PDCCH monitoring during the sSCell activation/deactivation process is specified.
· I.e., no change on legacy SCell activation/deactivation
· Switching to ‘normal’ PDCCH monitoring on P(S)Cell when sSCell is deactivated is not supported.
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