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Introduction
[bookmark: _Hlk510705081]In this document further details for the sSCell scheduling the PCell are discussed.
Discussion
Monitoring and BD limits of 0_1/1_1/0_2/1_2 in PCell USS set
RAN1#105 made a core agreement on having two UE types, one that can simultaneously monitor the USS scheduling the PCell in both the sSCell and the PCell, and another one that doesn’t, while RAN#106 was still unable to conclude on the details of the PDCCH monitoring. The following set of alternatives were agreed in RAN1#106 to be further discussed:
----------------------------
Agreement [RAN1#106]
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, down select one from [based on Option A/C] or [based Option C] below
· [based on Option A/C]
· 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 (Note: this is assumed per Rel16)
· UE is additionally not required to monitor more than  PDCCH BD candidates per P(S)Cell slot
·   and   are based on RRC configuration and at least cases of  are supported
· FFS the following for [based on Option A/C]
· Distribution of PDCCH BD candidates between multiple sSCell slots overlapping a P(S)Cell slot including whether the above additional BD limitation is defined per sSCell slot or per P(S)Cell slot.
· Discuss further using following alternatives as starting point (other alternatives/further refinement of alternatives not precluded)
·  Alt1
· The additional BD limitation is per sSCell slot with further limitation that UE is not required to monitor more than  PDCCH BD candidates per sSCell slot
· Alt 2
· The additional BD limitation is per P(S)Cell slot and no further restrictions
· Alt 3
· The additional BD limitation is per P(S)SCell slot with below further limitation
· 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
· Whether/how the definition of  or is modified compared to Rel16 when UE is configured with CCS from sSCell to P(S)Cell
· Whether separate  and   are configured by RRC or if  and only   is configured
· [based on Option C]
· 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  PDCCH BD candidates per sSCell slot
0. When determining  and 
0. P(S)Cell self-scheduling is counted by applying scaling factor s1, 
0. sSCell to PCell scheduling is counted additionally (assuming SCS of sSCell) by applying scaling factor s2
0.   and    
· FFS the following
· Allowed combinations of s1 and s2 , and whether they are fixed or configured via RRC
· Whether/how the definition of  or is modified compared to Rel16 when UE is configured with CCS from sSCell to P(S)Cell
FFS the following
· Multi-TRP handling
· PDCCH BD handling when monitoringCapabilityConfig = r16monitoringcapability is configured for any cell
----------------------------
The key question seems to be whether Alt 2 on the BD limits is to be adopted, or not. If Alt 2 is NOT adopted, the Type A and Type B UE differentiation is to a large extent lost.
· [At least for Type B UE] Discuss further using following alternatives as starting point (other alternatives/further refinement of alternatives not precluded)
·  Alt1: 
· The additional BD limitation is per sSCell slot with further limitation that UE is not required to monitor more than  PDCCH BD candidates per sSCell slot
· Alt 2
· The additional BD limitation is per P(S)Cell slot and no further restrictions
· Alt 3
· The additional BD limitation is per P(S)SCell slot with below further limitation
· 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

During RAN1#106-e option A/C was modified to state that for sSCell (for cross-carrier scheduling to P(S)Cell), UE is not required to monitor more than [ or ] PDCCH BD candidates per sSCell slot. In our opinion the UE should not be required to monitor the sSCell for more than  BD per candidate sSCell slot. This option improves scheduling flexibility and does not exceed Rel 16 BD limits.
Proposal 1: For option A/C, sSCell (for cross-carrier scheduling to P(S)Cell), UE is not required to monitor more than  PDCCH BD per candidate sSCell slot.

The Alt2 adopts the BD limitation of  per P(S)Cell slot, which provides more flexibility to the network. Although it is challenging to achieve the full benefits of this flexibility may be difficult to exploit, both from network and UE perspective. Alt1 on the other hand provides equal blind decoding across all sSCell slots and is simpler approach as the BD limitation for P(S)Cell and sSCell slots are kept independent of each other. Alt3, as per our understanding allows the search-space on sSCell to be located anywhere across the sSCell slots(overlapping PCell slot), but has to be within the span of 3 OFDM symbols. If our understanding is correct, for a typical deployment Alt 3 would also be acceptable.  
Proposal 2: The additional BD limitation is per sSCell slot with further limitation that UE is not required to monitor more than  PDCCH BD candidates per sSCell slot
Proposal 3: Adopt Option A/C with Alt 1 preferrably. Alt 3 could also be considered. Both Alt1 and Alt3 would support Type B UEs.
Proposal 4: When Multi-TRP is supported for cross-carrier scheduling from sSCell-to-P(S)Cell, the UE is configured with coresetPoolIndex. The additional BD limitations apply for CORESETs with same coresetPoolIndex.

Type A and Type B UEs
RAN1#105-e mde the following agreement:
Agreement [RAN1#105]
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
[rest of the agreement not copied here]…

During RAN1#106-e the following proposal (proposal 2v4) was discussed, but no time to reach an agreement:
· For Type A UE, there is no restriction on Type-0/0A/1/2-CSS sets configurations
· FFS the following for Type A UE: 
· [bookmark: _Hlk83990402]In overlapping [symbol/slot] of P(S)Cell and sSCell where a UE is configured to monitor Type-0/0A/1/2/-CSS sets on P(S)Cell and configured to monitor search space sets on sSCell (for scheduling P(S)Cell),
· Alt1
· The UE does not expect to decode DCI format(s) with CRC scrambled C-RNTI/MCS-C-RNTI/CS-RNTI on Type-0/0A/1/2-CSS sets on P(S)Cell
· Alt2: 
· The UE drops the overlapped USS sets on sSCell
· Alt3 
· The UE decodes DCI format(s) on Type-0/0A/1/2-CSS sets on P(S)Cell and the overlapped USS sets on sSCell.
This sSCell to PCell cross carrier scheduling enhancement is being developed under the DSS umbrella and in these deployments the PDCCH capacity of the P(S)Cell may be limited. Restricting the slots where the UE may monitor CSS sets in the P(S)Cell to favour more monitoring occasions on for USS monitoring on the sSCell does not seem like a reasonable tradeoff. Due to limited PDCCH capacity on the DSS P(S)Cell with even a small number of UEs in RRC connected mode in slightly bad RF conditions the PDCCH could become a bottleneck and hence the P(S)Cell would benefit from exploiting all possible occasions for CSS scheduling. Due to the restrictions of Alt 1 and Alt 2, the gains from CCS may be minimal when compared to the cost of implementation.  In our view Alt 3 would be the only approach which would be reasonable. 
Furthermore, Alt3 does not seem to differ from UE Type B for which current discussions do not contemplate exceeding Rel16 BD limits. A single UE type would also be beneficial from ecosystem point of view and would not hinder network implementations, they would no longer to be beased on worst UE Type.
Proposal 5: Adopt Alt 3 and and support only a single UE Type, i.e., UE Type B, i.e.:
· In overlapping [symbol/slot] of P(S)Cell and sSCell where a UE is configured to monitor Type-0/0A/1/2/-CSS sets on P(S)Cell and configured to monitor search space sets on sSCell (for scheduling P(S)Cell),
· there is no restriction on Type-0/0A/1/2-CSS sets configurations
· The UE decodes DCI format(s) on Type-0/0A/1/2-CSS sets on P(S)Cell and the overlapped USS sets on sSCell.

Ovelapping condition [slots/symbols]
The question on whether the overlapping is evaluated on a symbol-by-symbol basis or slot-by-slot basis is another open issue to be resolved. The slot-wise evaluation of the overlapping can lead to quite some blockage when e.g. a 30 kHz TDD with 2.5 ms TDD pattern and 15 kHz FDD are considered as depicted in the figure below. If the TDD carrier DL is to be used for USS monitoring, then the FDD carrier is never monitored. Conversely, monitoring in one FDD slot blocks 2 TDD slots from monitoring. 
[image: ]
Further, the symbolwise determination would allow TDMing search spaces of the two carriers and still be able to schedule both carriers with overlapping slots. 
Proposal 6: The overlapping search space condition is evaluated on a symbol basis, i.e: “overlapping [slots/symbols]”

Linked search spaces
RAN1#106 made the following agreement:
Agreement [RAN1#106]
· 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
· FFS: If any modifications to Rel16 approach are introduced for monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot, duration for the PDCCH monitoring candidates monitored on sSCell (for scheduling P(S)Cell)

As per the above agreement, the ‘nrofCandidates’ monitored on sSCell (for PCell) is indicated using the search-space set linking as described in Rel-16.
When the blind decoding with Option A/C is considered with Alt 2 or Alt3, the additional BD limitation is per P(S)Cell slot. This may require at least the ‘monitoringSlotPeriodicityAndOffset’ to be different from that of the search-space configured for self-scheduling of sScell, because the self-scheduling configuration are applied per sSCell slots. 
Furthermore, if Type A UE based on Alt 1 or Alt 2 were to be agreed to flexibility in the linked search spaces would also be warranted. 
Proposal 7: Allow for at least the ‘monitoringSlotPeriodicityAndOffset’ to be idependelty configured to the two search spaces
 sSCell not available
RAN1#106 made the following agreement:
	Agreement [RAN1#106]
Specification supports dormant BWP operation on sSCell for a UE is configured CCS from sSCell to P(S)Cell.



In addition to dormancy, SCell deactivation as well as SCell RLF lead to the situation that the sSCell is unable to schedule any data on either the PCell or on the SCell. In such situations it would be useful to use the sSCell BD monitoring budget on the PCell without RRC reconfiguration.
Proposal 8: Both the Type A and the Type B UE can be configured with a fallback search space set for monitoring PDCCH for self-scheduling on the P(S)Cell in case a fall-back mechanism is triggered due sSCell being considered not to able to transmit data.
Proposal 9: The conditions for sSCell is considered not to be able to transmit data are at least:
· sSCell is deactivated
· sSCell is dormant
· sSCell is experiencing a radio link failure

Location of the PUCCH, PUSCH and SRS
If the uplink is not operating in CA mode, the current specifications would require that the PUxCH and SRS (setting aside the SRS carrier switching) are mapped on the PCell. If the gNB would wish to place these on the SCell carrier, this could be easily achieved by switching that carrier to be the PCell. As typically one would expect the UL coverage to be the bottleneck, having the DL PCell move at the same time would not cause any such issues. Whenever there is a coverage related need to place the PCell on the DSS carrier, but schedule it from the (higher-band) SCell, the uplink would need to be placed on the PCell as well. Considering the SRS carrier switching, the sSCell scheduling the PCell should have no relation to how the SRS carrier switching operates, and no special consideration for that is necessary.
Proposal 10: The requirement to have the PCell configured with the PUSCH/PUCCH/SRS for non-CA case are not modified.
For UL CA case, both of the uplink carriers can be used for PUSCH and SRS, but in case of a single PUCCH group the PUCCH would need to be placed on the PCell. The same coverage argument as made for the non-CA case applies, and there is no obvious reason to change this for the case of SCell scheduling the PCell.
Proposal 11: The requirement to have the PCell configured with the PUCCH for CA case with single PUCCH group is not modified.
Conclusion
In this contribution the following observations and proposals are made:
On PDCCH monitoring and BD limits:
Proposal 1: For option A/C, sSCell (for cross-carrier scheduling to P(S)Cell), UE is not required to monitor more than  PDCCH BD per candidate sSCell slot.
Proposal 2: The additional BD limitation is per sSCell slot with further limitation that UE is not required to monitor more than  PDCCH BD candidates per sSCell slot
Proposal 3: Adopt Option A/C with Alt 1 preferrably. Alt 3 could also be considered. Both Alt1 and Alt3 would support Type B UEs.
Proposal 4: When Multi-TRP is supported for cross-carrier scheduling from sSCell-to-P(S)Cell, the UE is configured with coresetPoolIndex. The additional BD limitations apply for CORESETs with same coresetPoolIndex.

On Type A and Type B UEs
Proposal 5: Adopt Alt 3 and and support only a single UE Type, i.e., UE Type B, i.e.:
· In overlapping [symbol/slot] of P(S)Cell and sSCell where a UE is configured to monitor Type-0/0A/1/2/-CSS sets on P(S)Cell and configured to monitor search space sets on sSCell (for scheduling P(S)Cell),
· there is no restriction on Type-0/0A/1/2-CSS sets configurations
· The UE decodes DCI format(s) on Type-0/0A/1/2-CSS sets on P(S)Cell and the overlapped USS sets on sSCell.

On overlapping condition [slots/symbols]
Proposal 6: The overlapping search space condition is evaluated on a symbol basis, i.e: “overlapping [slots/symbols]”

On linked search spaces
Proposal 7: Allow for at least the ‘monitoringSlotPeriodicityAndOffset’ to be idependelty configured to the two search spaces

On sSCell not available
Proposal 8: Both the Type A and the Type B UE can be configured with a fallback search space set for monitoring PDCCH for self-scheduling on the P(S)Cell in case a fall-back mechanism is triggered due sSCell being considered not to able to transmit data.
Proposal 9: The conditions for sSCell is considered not to be able to transmit data are at least:
· sSCell is deactivated
· sSCell is dormant
· sSCell is experiencing a radio link failure

On location of the PUCCH, PUSCH and SRS
Proposal 10: The requirement to have the PCell configured with the PUSCH/PUCCH/SRS for non-CA case are not modified.
Proposal 11: The requirement to have the PCell configured with the PUCCH for CA case with single PUCCH group is not modified.
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