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Introduction
In this document, we discuss further details of cross-carrier scheduling from SCell to PCell/PSCell.
Discussion
Following was agreed in RAN1#105e
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
· [bookmark: _Hlk78888478]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
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 1
· For Type A UE with an sSCell
· When the sSCell is activated/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/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.
Another restriction for Type A UE is at least the USS and Type 3 CSS on P(S)Cell, and the USS on sSCell (for P(S)Cell scheduling) have to be configured such that they do not overlap in same symbol/slot of P(S)Cell and sSCell. 
In RAN1#105e, it was discussed if above restriction should be extended to Type 0/0A/1/2 CSS sets. As explained in [1], the Type 0/0A/1/2 CSS sets are configured via PDCCH-ConfigCommon and the same configuration has to be applied for all UEs in the cell (including legacy Rel15/16 UEs.) Given this, if any restrictions on configuration of these CSS sets are introduced, they would apply to not only those Rel17 UEs with sSCell, but also all other UEs operating on same carrier. For example, considering RACH procedures, any restriction on Type 1 CSS ra-SearchSpace slows down RACH procedures for all Rel15/16/17 UEs operating on that carrier due to limited opportunities for reception of RAR and msg3 rtx UL grants which should be avoided.
Observation 1
· Current specs support configuration of Type 1 CSS set (ra-SearchSpace) with PDCCH monitoring in every slot.
· If a restriction on configuration of Type 1 CSS sets is introduced for Type A UE for SCell to Pcell scheduling, configuring the CSS set with such restriction would increase RACH procedure latency for all Rel15/16/17 UEs operating on same carrier as Type A UE.
Proposal 2
· For SCell to PCell scheduling, Type 0/0A/1/2 CSS sets on PCell can be configured as in Rel15/16. No additional restrictions for configuration of these CSS sets are introduced.
BD/CCE limit handling
Several options for specifying BD/CCE limits for SCell to PCell scheduling were discussed in previous meetings. For this meeting, further discussion based on below proposal (Proposal 4v3 from [2]) is expected.
· For at least Type B UE, downselect from one of the BD/CCE limit handling options below 
· [based on Option A/C] 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 ()
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot 
· UE is not required to monitor more than
· Alt1
·   PDCCH BD candidates per P(S)Cell slot
· Alt2
·  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 slot of sSCell
· UE is not required to monitor more than
· Alt1
·   PDCCH BD candidates per P(S)Cell slot 
· Alt2:
·  PDCCH BD candidates per P(S)Cell slot 
· [bookmark: _Hlk79097715]At least case of  is supported.
· FFS case of   
· FFS multi-TRP case
· FFS following
· Selection between Alt1 vs. Alt2 above
· Whether separate  and   are configured by RRC or if  and only   is configured
· How the PDCCH BD candidates are distributed between multiple sSCell slots overlapping a P(S)Cell slot when and whether the BD limits for sSCell are specified per sSCell slot or per P(S)Cell slot
· [based on Option B] When UE is configured for CCS from sSCell to P(S)Cell and when when P(S)Cell SCS () is less than or equal to sSCell SCS ()
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates per slot of P(S)Cell 
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· UE is not required to monitor more than  PDCCH BD candidates per slot of sSCell
· Considering both PDCCH BD candidates for P(S)Cell self-scheduling on P(S)Cell and PDCCH BD candidates for sSCell to P(S)SCell cross-carrier scheduling on sSCell
· UE is not required to monitor more than
· Alt 1
·  PDCCH BD candidates per P(S)Cell slot 
· Alt 2
·  PDCCH BD candidates per P(S)Cell slot
· FFS: selection between Alt-1 and Alt-2
· [bookmark: _Hlk79064846]FFS: whether/how the definition of  or is modified compared to Rel16 when UE is configured with CCS from sSCell to P(S)Cell
We note the following
· All options under consideration ensure that Rel15/16 per slot limits are followed, i.e., 
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates per slot of P(S)Cell 
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· UE is not required to monitor more than  PDCCH BD candidates per slot of sSCell
· The difference between approaches ‘based on Option A/C’ and ‘based on Option B’ is how additional limits are imposed on top of the Rel15/16 limits to account for SCell to PCell scheduling with simplified UE implementation
· Based on inputs from several UE vendors [2], Option A/C based approaches appear to simplify UE implementation compared to more flexible Option B.
· The difference between Alt1 and Alt 2 for Option A/C based approaches is whether the scaling factors are applied on  or 
· Alt 1, i.e., scaling on  provides more flexibility for (s-p) scheduling especially for CA cases with large number of SCells (e.g., low+mid+high band CA).
· 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 whether the additional limits should be specified per P(S)Cell slot (as in the Proposal 4v3 from [2]) or per sSCell slot.
· Intention of additional limit 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). Dividing this equally between sSCell slot durations appears to be an unnecessary and somewhat arbitrary constraint. So, we prefer to specify the constraint per P(S)Cell slot with understanding that Rel15/16 slot based limits are anyway retained.
· 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 [2])
· 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.
· Finally, while the proposal in Proposal 4v3 from [2] was 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.
Based on above discussion, we propose the following
Proposal 3
· 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 ()
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot 
· 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
· UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot 
·   and   are configured by RRC and at least cases of  are supported
·   and  are computed according to one of the below two alternatives
· Alt1
· as in Rel15/16
· Alt 2
· 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
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 4
· For CCS from sSCell to P(S)Cell, configuration of individual 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. 

Draft TP for 38.300
Below we provide a draft TP to align the description of cross-carrier scheduling in sub clause 10.8 of 38.300 with below RAN1 agreements made to support SCell to PCell scheduling.

Agreements:
· Following scheduling combinations are allowed/not allowed when cross-carrier scheduling from an SCell to PCell/PSCell is configured

a. self-scheduling on PCell/PSCell is allowed
b. cross-carrier scheduling from PCell/PSCell to another SCell is not allowed
c. self-scheduling on the ‘SCell used for scheduling PCell/PSCell’ is allowed
d. cross-carrier scheduling from the ‘SCell used for scheduling PCell/PSCell’ to another serving cell is allowed
e. cross-carrier scheduling from another serving cell to the ‘SCell used for scheduling PCell/PSCell’ is not allowed
· FFS: Search space and DCI format handling for the allowed cases above
 
Agreements:
· Configuring 2 or more Scells to schedule the PCell/PSCell is not allowed


Proposal 5
· Endorse below TP1 (from RAN1 perspective) and send LS to RAN2 requesting them to incorporate in Rel17 38.300 spec.
----------------------------------------- start TP1 for 38.300 v.xyz -------------------------------------------

10.8	Cross Carrier Scheduling
Cross-carrier scheduling with the Carrier Indicator Field (CIF) allows the PDCCH of a serving cell to schedule resources on another serving cell but with the following restrictions:
-	Cross-carrier scheduling does not apply to PCell i.e. When cross-carrier scheduling from an SCell to PCell is not configured, PCell is always scheduled via its PDCCH;
-	When cross-carrier scheduling from an SCell to PCell is configured, PCell’s PDSCH and PUSCH can be scheduled via PDCCH on the PCell and via PDCCH on the SCell, and PDCCH on PCell cannot schedule PDSCH and PUSCH on any other cell. Only one SCell can be configured to be used for cross-carrier scheduling to PCell;
-	When an SCell is configured with a PDCCH, that cell's PDSCH and PUSCH are always scheduled by the PDCCH on this SCell;
-	When an SCell is not configured with a PDCCH, that SCell's PDSCH and PUSCH are always scheduled by a PDCCH on another serving cell;
-	The scheduling PDCCH and the scheduled PDSCH/PUSCH can use the same or different numerologies.
--------------------------------------------------- end TP1 -----------------------------------------------

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
· For Type A UE with an sSCell
· When the sSCell is activated/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/using dormant BWP
· Note: No restriction on P(S)Cell slots configured for PDCCH monitoring for such P(S)Cell SS set(s).
Observation 1
· Current specs support configuration of Type 1 CSS set (ra-SearchSpace) with PDCCH monitoring in every slot.
· If a restriction on configuration of Type 1 CSS sets is introduced for Type A UE for SCell to Pcell scheduling, configuring the CSS set with such restriction would increase RACH procedure latency for all Rel15/16/17 UEs operating on same carrier as Type A UE.

Proposal 2
· For SCell to PCell scheduling, Type 0/0A/1/2 CSS sets on PCell can be configured as in Rel15/16. No additional restrictions for configuration of these CSS sets are introduced.

Proposal 3 
· 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 ()
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot 
· 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
· UE is not required to monitor more than  PDCCH BD candidates per P(S)Cell slot 
·   and   are configured by RRC and at least cases of  are supported
·   and  are computed according to one of the below two alternatives
· Alt1
· as in Rel15/16
· Alt 2
· 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 4 
· For CCS from sSCell to P(S)Cell, configuration of individual 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 5
· Endorse below TP1 (from RAN1 perspective) and send LS to RAN2 requesting them to incorporate in Rel17 38.300 spec.
----------------------------------------- start TP1 for 38.300 v.xyz -------------------------------------------

10.8	Cross Carrier Scheduling
Cross-carrier scheduling with the Carrier Indicator Field (CIF) allows the PDCCH of a serving cell to schedule resources on another serving cell but with the following restrictions:
-	Cross-carrier scheduling does not apply to PCell i.e. When cross-carrier scheduling from an SCell to PCell is not configured, PCell is always scheduled via its PDCCH;
-	When cross-carrier scheduling from an SCell to PCell is configured, PCell’s PDSCH and PUSCH can be scheduled via PDCCH on the PCell and via PDCCH on the SCell, and PDCCH on PCell cannot schedule PDSCH and PUSCH on any other cell. Only one SCell can be configured to be used for cross-carrier scheduling to PCell;
-	When an SCell is configured with a PDCCH, that cell's PDSCH and PUSCH are always scheduled by the PDCCH on this SCell;
-	When an SCell is not configured with a PDCCH, that SCell's PDSCH and PUSCH are always scheduled by a PDCCH on another serving cell;
-	The scheduling PDCCH and the scheduled PDSCH/PUSCH can use the same or different numerologies.
--------------------------------------------------- end TP1 -----------------------------------------------
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