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Introduction
In this document, we discuss further details of cross-carrier scheduling from SCell to PCell/PSCell.
Discussion
BD/CCE limit handling
Following was agreed in RAN1#106bis-e.
Agreement
· 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]
· [bookmark: _Hlk83920130]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
· When determining  and 
· P(S)Cell self-scheduling is counted by applying scaling factor s1, 
· sSCell to PCell scheduling is counted additionally (assuming SCS of sSCell) by applying scaling factor s2
·   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
We note the following
· Based on inputs from several UE vendors [2], a key consideration from UE complexity perspective is that the max number of BDs per P(S)Cell slot (considering both (p-p) and (s-p) cases) would not exceed the non-cross carrier scheduling limits (e.g., 44 BDs per 1ms when P(S)Cell SCS is 15kHz and there is no CA related scaling of BDs).
· This is addressed by [based on Option A/C], 
· For [based on Option C], addressing the above consideration is less straightforward. For example, considering CA with P(S)Cell SCS 15kHz and one SCell SCS 30kHz 
· For non-cross carrier scheduling case, the requirement for UE is 44 BDs per 1ms slot
· For CCS with the SCell configured as sSCell, and assuming s1=s2=0.5, the requirement for UE would be 0.5*44=22 for (p-p) + 0.5*36*2=36 for (s-p) = 58 BDs per 1ms. which is larger than what the UE needs to support for non-cross carrier scheduling case. 
· In principle, it is possible to define conditions on s1 and s2 such that the non-cross carrier limits are not exceeded but in our view that would just make [based on Option C] a somewhat complicated reformulation of [based on option A/C]. 
· Then considering the FFS parts for [based on Option A/C]
· For the RRC configured scaling factors  and   fine granularity (e.g., 10 possible values between 0 and 1) should be supported to allow flexible split of BDs between PCell and sSCell.
· On the distribution of PDCCH BD candidates between multiple sSCell slots overlapping a P(S)Cell slot.
· Intention of [based on Option A/C] is to ensure that UE does not monitor more than  candidates per P(S)Cell slot duration (i.e., ≤ 44 BDs per 1ms for 15kHz P(S)Cell). Further dividing this equally between sSCell slot durations as per Alt 1 would be an unnecessary and somewhat arbitrary constraint. Alt 2 does not have this constraint. Since the Rel15/16 slot based limits are anyway retained there is no additional UE complexity with Alt 2. Alt 3 also similarly is an additional restriction compared to what is  already possible for Rel16 cross-carrier scheduling.
·  On whether/how the definition of  or is modified compared to Rel16.
· For Rel15, if the UE has N serving cells, the number of possible {scheduling cell, scheduled cell} combinations is also N. With this framework,  for Rel15 is computed based on N. 
· When SCell to PCell scheduling is configured for a Rel17 UE with N serving cells, the number of possible {scheduling cell, scheduled cell} combinations would be N+1 with the sSCell to PCell (s-p) scheduling being the additional one. 
· Given this, the definition of  for the sSCell to PCell scheduling case can be updated to be based on N+1 by counting (s-p) scheduling as an additional scheduling cell without increasing the total PDCCH BD budget (as discussed in section 2.3.3 (Proposal 4) of our previous contribution [1])
· This would provide more proportional allocation of BDs for (s-p) scheduling for CA cases such as 1 PCell (15kHz)+1 sSCell(30kHz) + 4 or 8 FR2 SCells, especially if the UE does not report the large enough value for pdcch-BlindDetectionCA.
· On “UE is not required to monitor more than [ or ] PDCCH BD candidates per sSCell slot” , intention of this text is to state that the Rel16 per slot limits are still applied for the (s-p) case. In principle, either of the options listed within the square brackets can work; however latter option provides better flexibility in cases such as example in previous bullet, when the number of cells with sSCell numerology is small. 
· Finally, while the agreement in RAN1#106-e is for ‘at least Type B UE’, the same BD/CCE approach can be applied to Type A UEs also ensuring commonality in BD/CCE handling for SCell to PCell scheduling.
Overall, based on above discussion, we propose the following
Proposal 1
· When 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 ()
· Select [based on Option A/C] from RAN1#106-e agreement on BD handling
· For the distribution of PDCCH BD candidates between multiple sSCell slots overlapping a P(S)Cell slot, support Alt 2 in RAN1#106-e agreement
· For the RRC configuration of scaling factors  and   , 10 possible values between 0 and 1 are supported
·   and  are computed according to one of the below two alternatives
· Alt a
· as in Rel15/16
· Alt b
· computed by counting (s-p) scheduling as an additional scheduling cell in the LHS part of the conditions ,  specified in sub-clause 10.1 of 38.213. 
· if UE indicates pdcch-BlindDetectionCA
·  is given by pdcch-BlindDetectionCA indicated by the UE
· (s-p) scheduling is considered to be included within UE reported pdcch-BlindDetectionCA.
· If UE does not indicate pdcch-BlindDetectionCA,
·  is given by the number of configured downlink serving cells
The RAN1#106-e agreement does not explicitly cover CCE limit handling. However, the framework chosen for BD limit handling should be directly applicable also to CCE limits. Once aspect related to CCE limits is that the BW of P(S)Cell on DSS carrier may be typically small resulting in relatively small number of CCEs for P(S)Cell. For example, with 15kHz SCS, 10MHz BW for P(S)Cell and 1symbol CORESET results in 8CCEs and 20MHz BW results in 16 CCEs. The Rel15 max CCE limit is 56CCEs. Given this, scaling factor of 8/56 = 1/7 or 16/56=2/7 is sufficient for such deployments from CCE limit handling perspective for P(S)Cell and (6/7)*56= 48 or (5/7)*56=40 CCEs can be used for the sSCell budget. However, for PDCCH BD limit handling using the same small scaling factors results in floor((1/7)*44)=6 or (2/7)*44=12 PDCCH candidates. This is restrictive considering both CSS and UESS candidates and also different UL/DL DCI sizes. Given this, although same framework is used for BD and CCE limit handling, the scaling factors configured for CCE limit handling should be separate from those used for BD limit handling.
Proposal 2
· For CCE limit handling, the same framework as that of BD limit handling is reused but the scaling factors configured for CCE limit handling can be different from the scaling factors configured for BD limit handling.

PDCCH monitoring
For Type B UE, Alt 2-1 was agreed, resulting in no configuration restrictions for USS/CSS sets on P(S)Cell and sSCell. 
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Figure 1 – Impact on sSCell deactivation/dormancy for Type A UE

For Type A UE, as shown in Figure 1, non-fallback DCI based scheduling for the PCell is not possible whenever sSCell is deactivated or set to dormant BWP according to the current framework. 
This limits the performance of such UE from UE power consumption perspective (sSCell likely to be kept always activated/non-dormant to avoid the interruptions for normal scheduling on PCell) or from system operation perspective (in order to maintain normal scheduling for PCell, frequent RRC reconfiguration messages are needed to aggressively add/remove sSCell resulting in overhead and also scheduling interruptions during each RRC reconfiguration).
Related to this issue, “FFS: switching to ‘normal’ PDCCH monitoring on P(S)Cell when sSCell is deactivated” was included in the RAN1#105e agreement.
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Figure 2 – Improved operation for Type A UE with sSCell deactivation/dormancy

The issue can be addressed as shown in Figure 2. A SS set with necessary parameters for non-fallback DCI format monitoring is configured on the PCell, and PDCCH monitoring using that SS set can be enabled/disabled when sSCell is respectively deactivated/activated(or dormant/non-dormant). 
If the Rel16 SS set linking is reused for Rel17 Scell to PCell scheduling, the linked SS set configured on the PCell can be utilized for this purpose by allowing full configuration of RRC parameters for the linked SS set on both PCell and sSCell.
Proposal 3
· For Type A UE with an sSCell
· When the sSCell is activated (or using non-dormant BWP)
· UE does not monitor any P(S)Cell SS set with non-fallback DCI formats on the P(S)Cell
· SS set(s) with necessary parameters for non-fallback DCI format monitoring can be configured on the P(S)Cell with following restriction
· UE monitors PDCCH on P(S)Cell using such SS set(s) only when sSCell is deactivated (or using dormant BWP)
· Note: No restriction on P(S)Cell slots configured for PDCCH monitoring for such P(S)Cell SS set(s).

The issue shown in Figure 1 does not exist for Type B since USS monitoring on PCell using non-fallback DCI formats is retained (without increasing total BD budget) regardless of SCell to PCell scheduling configuration. However, similar approach to Figure 2 can also be beneficial for Type B UEs for restoring the #PDCCH BD/CCE candidates monitored on PCell to Rel16 maximum allowed levels whenever sSCell is deactivated/dormant.

In RAN1#106-e following proposal related to Type 0/0A/1/2 CSS sets was discussed [2]
Proposal 2v3 
· For Type A UE, there is no restriction on Type-0/0A/1/2-CSS sets configurations
· FFS the following for Type A UE
· Alt1: 
· 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), 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: 
· 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), UE drops the overlapped USS sets on sSCell
· Alt 3:
· 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), UE decodes DCI format(s) on Type-0/0A/1/2-CSS sets on P(S)Cell and the overlapped USS sets on sSCell.
We note the following
· From BD/CCE limit handling perspective, 
· Per agreements in Rel16 (which were also based on UE vendor inputs), the BD/CCE limits for cross-carrier scheduling are based on SCS of scheduling cell and current specifications are based on this principle. In e.g. [3] it was suggested that Rel16 limits are reused for Type A UE +Alt 2. For case of P(S)Cell SCS 15 kHz and sSCell SCS 30 kHz, according to Rel16 agreements this would imply 72BDs per 1ms for (s-p) case. It would also imply that  and  vary slot by slot depending on whether sSCell or P(S)Cell is considered as the scheduling cell for scheduling the P(S)Cell from perspective of BD/CCE limit computations. During the discussions in RAN1#106-e a further proposal that “ and  should not vary per slot” was discussed. This would require a different handling compared to Rel16 and the need for defining one more new BD handling approach specifically for Type A UE is unclear. The [based on Option A/C] approach provides better trade-off from UE complexity perspective when compared to the above. Therefore, as discussed in section 2.1, our preference is to use this same approach also for Type A UE
· From scheduling flexibility perspective, 
· Alt 2 is quite restrictive as it effectively imposes a TDM restriction for Type 0/0A/1/2 CSS sets (otherwise UE would not monitor USS on any sSCell slot for the FDD P(S)Cell case). As discussed in RAN1#106-e, such TDM restrictions are not desirable.
· Alt 1 imposes a TDM pattern between unicast DCIs on P(S)Cell slots and USS (for s-p) on sSCell slots. As pointed out by proponents of Alt-1, UEs are already required to support simultaneous processing of unicast and broadcast DCIs in a slot. Alt 1 retains this principle and as a consequence there would be no restriction for Type 0/0A/1/2 CSS sets. Therefore, Alt 1  provides a better trade-off compared to Alt 2 from scheduling perspective.
Overall, while our preference is Alt 3 for Type A UE, we consider Alt 1 to also be a reasonable option considering the discussions so far.
Proposal 4
· For Type A UE, there is no restriction on Type-0/0A/1/2-CSS sets configurations
· Either Alt 1 or Alt 3 below are supported
· Alt 1
· 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), 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
· Alt 3
· 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), UE decodes DCI format(s) on Type-0/0A/1/2-CSS sets on P(S)Cell and the overlapped USS sets on sSCell.

PDCCH Search space set configuration
For the case of sSCell scheduling PDSCH/PUSCH on primary cell, it is desirable to have the flexibility for the sSCell to schedule any one of the below possibilities
· sSCell used only for scheduling UL grants for primary cell
· sSCell used for scheduling both UL grants and DL assignments for primary cell
· sSCell used only for scheduling DL assignments for primary cell
With current PDCCH search space set configuration, when a USS is configured, the UL and DL DCI formats for that search space are constrained to be configured together. i.e., the IE dci-Formats can only be formats0-1-And-1-1 or formats0-0-And-1-0. Due to this, when the DCI sizes of UL and DL grants are different (as is usually the case with DCI format 0-1 and DCI format 1-1), the UE has to do two BDs for each configured PDCCH monitoring candidate, one corresponding to each DCI format.

To support the above possibilities without unnecessary increase of PDCCH BD overhead on sSCell, the option of configuring DCI formats individually for PUSCH scheduling or for PDSCH scheduling or for both PUSCH and PDSCH scheduling should be supported as part of the search space set configuration used for sSCell to primary cell scheduling. 
Proposal 5
· For CCS from sSCell to P(S)Cell, configuration of individual UL/DL DCI format(s) (e.g. only DCI format 0-1, only DCI format 1-1) should be supported as part of the corresponding search space set configuration. 

DCI Size budget 
The following agreement was made in RAN1#104bis-e, which means that the DCI format scheduling P(S)Cell from sSCell has a CIF field. 
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

Given the above, a straightforward way to keep the DCI size budgets for scheduling the P(S)Cell intact is by introducing CIF field also in the non-fallback DCI formats scheduling P(S)Cell that are monitored on the P(S)Cell. 
Proposal 6
· When UE is configured for CCS from sSCell to P(S)Cell, CIF is present in the non-fallback DCI formats monitored on the P(S)Cell 

#DL and UL unicast DCI processed
The maximum number of DL and UL unicast DCIs processed are discussed as part of our contribution on UE capabilities R1-2110146 [5]. 

Impact of CA with unaligned frame boundary
In RAN1#105-e, the issue of configuring SCell to PCell scheduling for case of CA with unaligned frame boundary was raised. “FFS: Whether the UE can be configured with unaligned CA”. 
In our view joint operation of SCell to PCell scheduling and CA with unaligned frame boundary should be supported and we also do not see any motivation for adding a restriction on limiting such joint operation. 
In terms of specification impact, the parameter ca-SlotOffset can be configured for any SCell (including sSCell) and the timing relations taking into account scheduled and scheduling cell SCS are already captured in 38.214. Given this, there is also no additional spec impact.
Proposal 7
· Joint operation of SCell to PCell scheduling and CA with unaligned frame boundary is supported
· Note: No additional spec updates are required to the specification text related to ca-SlotOffset parameter to support the joint operation.
RRC parameters 

· As discussed in “[Post-106-e-Rel17-RRC-13] DSS” email discussion [4], the specification of CrossCarrierSchedulingConfig should be updated to enable the support for SCell to P(S)Cell cross-carrier scheduling. 

· As discussed in Proposal 1 and Proposal 2, scaling factors for BD/CCE limit handling require introduction of new RRC parameters with detailed description depending on further BD/CCE limit handling agreements.

· As discussed in Proposal 5, to support the configuration of individual UL/DL DCI format(s) (e.g. only DCI format 0-1, only DCI format 1-1) in the search spaces used for cross-carrier scheduling from sSCell to P(S)Cell, updates to search space set configuration are required.
Conclusions
In this document we discuss further details for cross-carrier scheduling from an SCell (referred to as sSCell) to PCell/PSCell (primary cell) and propose the following
Proposal 1
· When 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 ()
· Select [based on Option A/C] from RAN1#106-e agreement on BD handling
· For the distribution of PDCCH BD candidates between multiple sSCell slots overlapping a P(S)Cell slot, support Alt 2 in RAN1#106-e agreement
· For the RRC configuration of scaling factors  and   , 10 possible values between 0 and 1 are supported
·   and  are computed according to one of the below two alternatives
· Alt a
· as in Rel15/16
· Alt b
· computed by counting (s-p) scheduling as an additional scheduling cell in the LHS part of the conditions ,  specified in sub-clause 10.1 of 38.213. 
· if UE indicates pdcch-BlindDetectionCA
·  is given by pdcch-BlindDetectionCA indicated by the UE
· (s-p) scheduling is considered to be included within UE reported pdcch-BlindDetectionCA.
· If UE does not indicate pdcch-BlindDetectionCA,
·  is given by the number of configured downlink serving cells
Proposal 2
· For CCE limit handling, the same framework as that of BD limit handling is reused but the scaling factors configured for CCE limit handling can be different from the scaling factors configured for BD limit handling.
Proposal 3
· For Type A UE with an sSCell
· When the sSCell is activated (or using non-dormant BWP)
· UE does not monitor any P(S)Cell SS set with non-fallback DCI formats on the P(S)Cell
· SS set(s) with necessary parameters for non-fallback DCI format monitoring can be configured on the P(S)Cell with following restriction
· UE monitors PDCCH on P(S)Cell using such SS set(s) only when sSCell is deactivated (or using dormant BWP)
· Note: No restriction on P(S)Cell slots configured for PDCCH monitoring for such P(S)Cell SS set(s).

Proposal 4
· For Type A UE, there is no restriction on Type-0/0A/1/2-CSS sets configurations
· Either Alt 1 or Alt 3 below are supported
· Alt 1
· 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), 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
· Alt 3
· 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), UE decodes DCI format(s) on Type-0/0A/1/2-CSS sets on P(S)Cell and the overlapped USS sets on sSCell.

Proposal 5
· For CCS from sSCell to P(S)Cell, configuration of individual UL/DL DCI format(s) (e.g. only DCI format 0-1, only DCI format 1-1) should be supported as part of the corresponding search space set configuration. 

Proposal 6
· When UE is configured for CCS from sSCell to P(S)Cell, CIF is present in the non-fallback DCI formats monitored on the P(S)Cell 

Proposal 7
· Joint operation of SCell to PCell scheduling and CA with unaligned frame boundary is supported
· Note: No additional spec updates are required to the specification text related to ca-SlotOffset parameter to support the joint operation.
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