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Introduction
In this contribution, we address our views on remaining issues on support of cross-carrier scheduling from SCell to PCell/PSCell. The following agreements and a guidance for a next meeting were drawn in RAN1 #104b-e [1].
Agreement
When CCS from sSCell to PCell/PSCell is configured
· CIF=0 used for sSCell self-scheduling, and CIF for sSCell to PCell cross-carrier scheduling is explicitly configured using RRC signalling
Agreement
PDCCH overbooking on sSCell USS set(s) is not allowed

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 [image: d] PDCCH candidates per slot of sSCell.
· FFS how limit [image: d] 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 [image: d] PDCCH candidates per slot of sSCell.
· FFS how limit [image: d] 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)

Discussion
USS set monitoring and BD/CCE limit handling
For USS set monitoring for ‘non-fallback DCI of P(S)Cell’ when sSCell-to-P(S)Cell CCS is configured, Alt-2 was agreed as a working assumption, i.e., UE can monitor both P(S)Cell USS set(s) and sSCell USS set(s). Detailed schemes (i.e., Alt 2-1/2-2/2-3/2-4 …) and BD/CCE limit handling options (Option A/B/C) are being discussed.
Regarding the BD/CCE counting, it was agreed in RAN1 #104b-e that PDCCH overbooking on sSCell USS set(s) is not allowed. However, in Option B, the overbooking operation on sSCell is still not clear based on the following wording:
· 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
There are two interpretations:
1) Only the PCell overbooking is allowed. UE does not expect overbooking on sSCell.
2) Overbooking on both PCell and sSCell is allowed based on Option B.
Under the first interpretation, if Option B is used, gNB should be very careful in configuring CSS/USS sets on PCell and sSCell not to overbook on sSCell, which may limit the benefit of PCell overbooking as well. Therefore, Option A is simpler, where overbooking on PCell is only affected by a separate BD/CCE limit for PCell, not the total limit Z1. Meanwhile, if the second interpretation is still available, Option B may be beneficial because Option B allows to fully utilize the BD/CCE monitoring capability. Also, in Option B, the existing PDCCH mapping/dropping rule can be applied over the union of the two scheduling cells without spec enhancement.
Assuming that the first interpretation is correct, it is preferred to support Option A. UE can be separately configured by RRC with BD/CCE limits for max(x1(m)+x2(m)) and max(y(m)) under the total limit of Z1. In addition, Z1>44 as a UE capability can be considered to resolve the issue of wasted BD/CCE capability.
Proposal 1: Assuming that sSCell USS set overbooking is not allowed at all, support Option A for BD/CCE limit handling when sSCell-to-P(S)Cell CCS is configured.
Proposal 2: In Option A, UE can be separately configured by RRC with BD/CCE limits for max(x1(m)+x2(m)) and max(y(m)) under the total limit of Z1.

In typical DSS scenarios, P(S)Cell SCS would be smaller than or equal to sSCell SCS. However, the opposite case needs not necessarily be precluded from specification point of view if its impact is not significant. The unit time of the BD/CCE counting for P(S)Cell can be determined by the smaller SCS between P(S)Cell and sSCell.
Proposal 3: sSCell-to-P(S)Cell CCS functionality is applicable for any SCS combination between P(S)Cell and sSCell.
Proposal 4: The unit time of BD/CCE counting for P(S)Cell is determined by the smaller SCS between P(S)Cell and sSCell.

Regarding the detailed monitoring schemes, Alt 2-2 and Alt 2-4 provide a way to avoid simultaneous monitoring on P(S)Cell USS set(s) and sSCell USS set(s) in the same slot. However, the benefit of imposing such restriction is not entirely clear, and the restriction would incur scheduling delay when one of the two scheduling cells experiences deep fading, which will eventually deteriorate P(S)Cell throughput performance. If the P(S)Cell wants to serve URLLC traffic, the reliability loss due to the scheduling delay would also be critical. Therefore, our preference is to support Alt 2-1 which guarantees the largest scheduling flexibility and the best performance.
Proposal 5: When sSCell-to-P(S)Cell CCS is configured, UE can be configured to monitor ‘DCI formats 0_1/1_1/0_2/1_2 that schedule PDSCH/PUSCH on P(S)Cell’ on both P(S)Cell USS set(s) and sSCell USS set(s) in the same slot (Alt 2-1).

DCI size determination/alignment
Basically, the same Rel-16 DCI size alignment procedure can be applied for P(S)Cell when sSCell-to-P(S)Cell CCS is configured. UE determines the sizes of ‘DCI formats for P(S)Cell’ on P(S)Cell and sSCell, and if the number of the determined DCI sizes exceeds the DCI size budget, some of their sizes are aligned by zero-padding. On the other hand, the following was agreed in the last meeting.
Agreement
When CCS from sSCell to PCell/PSCell is configured
· CIF=0 used for sSCell self-scheduling, and CIF for sSCell to PCell cross-carrier scheduling is explicitly configured using RRC signalling
As an outcome of the agreement, the size of ‘DCI format 0_1/1_1/0_2/1_2 that schedule PDSCH/PUSCH on P(S)Cell’ can be different across P(S)Cell and sSCell, because those DCI formats monitored on P(S)Cell do not include the CIF. Two solutions can be considered.
· Opt. 1: Align their DCI sizes across P(S)Cell and sSCell (e.g., by zero-padding on the DCI of the smaller size).
· Opt. 2: UE monitors two different DCI sizes on P(S)Cell and sSCell.
In Opt. 1, the total DCI sizes may not be increased. Therefore, there is no need to revisit the Rel-16 DCI size budget ‘3+1’. While, for Opt. 2, the DCI size budget may need to be increased to maintain the same DCI monitoring capability effectively. If we choose to adopt Alt 2-2/2-4 for USS set monitoring, the total DCI sizes for P(S)Cell “per unit time” may not increase since UE does not monitor the USS sets on P(S)Cell and sSCell in the same unit time. Nevertheless, the total DCI sizes for P(S)Cell “per cell” may be increased.
Proposal 6: Discuss how to deal with potential DCI size difference between P(S)Cell and sSCell for DCI format 0_1/1_1/0_2/1_2 due to presence/absence of CIF.

Fallback DCI in P(S)Cell USS sets
There was discussion but it was not decided yet on whether UE can monitor ‘fallback DCI for P(S)Cell’ on P(S)Cell USS set(s) when sSCell-to-P(S)Cell CCS is configured. In our view, the fallback monitoring behaviour is essential regardless of whether sSCell-to-P(S)Cell CCS is configured or not. gNB should be able to send a DCI reliably using DCI 0_0/1_0 when the channel quality is suddenly degraded. Type 3 CSS set is not always a proper candidate for this because its monitoring periodicity is typically larger than a slot which incurs large transmission latency.
Proposal 7: When sSCell-to-P(S)Cell CCS is configured, UE can be configured to monitor ‘DCI formats 0_0 and 1_0 that schedule PDSCH/PUSCH on P(S)Cell’ on P(S)Cell USS set(s).

Activation/deactivation of sSCell-to-P(S)Cell CCS
In the DSS scenario, the demand of PDCCH offloading from PCell/PSCell to sSCell may change in time depending on LTE/NR traffic status. Hence, it is beneficial to support dynamic activation and deactivation of sSCell-to-P(S)Cell CCS. To this end, the concept of SCell dormancy indication introduced in Rel-16 can be reused. For example, for the sSCell, UE can be configured one set of BWPs configured to apply sSCell-to-P(S)Cell CCS and another set of BWPs not configured to apply the sSCell-to-P(S)Cell CCS. Then, the sSCell-to-P(S)Cell CCS can be enabled or disabled based on BWP switching indicated by DCI from P(S)Cell.
[bookmark: _GoBack]Proposal 8: Support dynamic activation/deactivation of sSCell-to-P(S)Cell CCS based on a Rel-16 BWP switching mechanism.

Conclusion
In this contribution, we discuss potential enhancements on cross-carrier scheduling for NR DSS. The following proposals are drawn:
Proposal 1: Assuming that sSCell USS set overbooking is not allowed at all, support Option A for BD/CCE limit handling when sSCell-to-P(S)Cell CCS is configured.
Proposal 2: In Option A, UE can be separately configured by RRC with BD/CCE limits for max(x1(m)+x2(m)) and max(y(m)) under the total limit of Z1.
Proposal 3: sSCell-to-P(S)Cell CCS functionality is applicable for any SCS combination between P(S)Cell and sSCell.
Proposal 4: The unit time of BD/CCE counting for P(S)Cell is determined by the smaller SCS between P(S)Cell and sSCell.
Proposal 5: When sSCell-to-P(S)Cell CCS 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 both PCell/PSCell USS set(s) and sSCell USS set(s) in the same slot (Alt 2-1).
Proposal 6: Discuss how to deal with potential DCI size difference between P(S)Cell and sSCell for DCI format 0_1/1_1/0_2/1_2 due to presence/absence of CIF.
Proposal 7: When sSCell-to-P(S)Cell CCS is configured, UE can be configured to monitor ‘DCI formats 0_0 and 1_0 that schedule PDSCH/PUSCH on P(S)Cell’ on P(S)Cell USS set(s).
Proposal 8: Support dynamic activation/deactivation of sSCell-to-P(S)Cell CCS based on a Rel-16 BWP switching mechanism.
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