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1. Introduction
In this contribution, we discuss on remaining issues on Rel-18 MC enhancements and eDSS, including aspects related to higher layer parameters.


2. Multi-carrier enhancement
2.1. Multi-carrier scheduling with a single DCI
n_CI value for multi-cell scheduling
At the previous RAN1 meetings, following agreements were made regarding n_CI value and set of cell indication for muti-cell scheduling.
	Agreement
For monitoring PDCCH candidates for a set of cells which is configured for multi-cell scheduling, the n_CI in the search space equation is determined by a value configured for the set of cells by RRC signaling.

Agreement
Following is supported in Rel-18 multi-cell scheduling
· A UE can be configured one or multiple sets of cells with each set configured for multi-cell scheduling using DCI format 0_X/1_X. 
· Up to 4 sets of cells can be configured per PUCCH group.
· When multiple sets of cells are configured, 
· a cell in one set of cells can’t be included in another set of cells.
· n_CI value is independently configured for each set of cells.
· reference cell for counting DCI size and BD/CCE of DCI format 0_X/1_X is independently determined for each set of cells.
· search space configuration of DCI format 0_X/1_X is independently configured for each set of cells.
· DCI size of DCI format 0_X is independently determined for each set of cells. 
· DCI size of DCI format 1_X is independently determined for each set of cells.
· The multiple sets of cells can be scheduled by DCI format 0_X/1_X from different scheduling cells. 
· Up to N sets of cells can be configured and respectively scheduled by DCI format 0_X/1_X from a same scheduling cell. 
· The value of N is reported as UE capability.
· An indicator is included in the DCI to indicate the scheduled set of cells,
· The size of the indicator is equal to ceil(log2(N)), where N is the number of sets of cells.
· Unique n_CI value is configured for each set of cells.



For the legacy cross-carrier scheduling, CIF value indicated in DCI for each scheduled cell is configured via RRC and the CIF value is same as n_CI value for the scheduled cell in search space equation. As shown in the agreement above, the scheduled set of cells is indicated by set of cells indicator in DCI format 0_X/1_X, and an identical n_CI value associates with one set of cells and the value for each set of cells is configured via RRC. This implies that the framework of cross-carrier scheduling is extended for multi-cell scheduling. However, it should be noted that one difference from the framework for cross-carrier scheduling would be that the set of cells indicator value in DCI format 0_X/1_X for each set of cells may not be directly associate with n_CI value in search space equation i.e., set of cells indicator in DCI format 0_X/1_X indicate e.g., the set of cells ID which is configured via RRC, and n_CI value for the set of cells is configured via another RRC parameter.
One point which needs to be clarified is whether n_CI value for multi-cell scheduling can be overlapped with the values for legacy cross-carrier scheduling. If the CCE indices should be distinguished between cross-carrier scheduling and multi-cell scheduling, the value range of n_CI can be from 0 to 11 to avoid overlapping the n_CI values between them since the maximum number of cells for cross-carrier scheduling is 8 and the maximum number of set of cells for is 4.

Proposal 1:
For multi-cell scheduling, the value range for n_CI which is configured via RRC parameter should be from 0 to 11.


Reference cell order for Type 2 fields in DCI format 0_X/1_X
At the previous RAN1 meetings, following agreements were made.
	Agreement: (RAN1#110)
For discussing field design of DCI format 0_X/1_X which schedules more than one cell, reformulate the types of DCI fields as below: 
· Type-1 field: 
· Type-1A field: A single field indicating common information to all the co-scheduled cells
· Type-1B field: A single field indicating separate information to each of co-scheduled cells via joint indication
· Type-1C field: A single field indicating an information to only one of co-scheduled cells
· Type-2 field: Separate field for each of the co-scheduled cells
· Type-3 field: Common or separate to each of the co-scheduled cells, or separate to each sub-group, dependent on explicit configuration. 
· Note: One sub-group comprises a subset of co-scheduled cells where a single field is commonly applied to the co-scheduled cell(s) belonging to a same sub-group.
· Note: Handling of any parameters applicable to multi-cell scheduling where corresponding fields are not included in DCI format 0_X/1_X (if any) will be separately discussed.

Agreement: (RAN1#112)
For a set of cells which is configured for multi-cell scheduling using DCI format 0_X and DCI format 1_X, support the following:  
· If table defining combinations of co-scheduled cells for the set of cells is configured, 
· an indicator in the DCI is included and points to one row of the table.
· The table is configured by RRC signaling for the set of cells.
· Separate tables are configured for downlink scheduling and uplink scheduling 
· The size of the indicator is equal to ceil(log2(N)), where N is the number of rows in the table.
· The max number of rows in the table is 16
· The size of the per-cell Type 2 fields for each co-scheduled cell does not change according to the indicated co-scheduled cell combination
· The payload size of DCI format 1_X is derived by UE based on RRC configuration of the active BWP(s) of co-scheduled cell combinations within the set of cells.
· The payload size of DCI format 1_X is the same for the active BWP(s) of all the co-scheduled cell combinations and equal to the largest payload size among the active BWP(s) of all the co-scheduled cell combinations determined by the co-scheduled cell combination table. 
· The payload size of DCI format 0_X is derived by UE based on RRC configuration of the active BWP(s) of co-scheduled cell combinations within the set of cells.
· The payload size of DCI format 0_X is the same for the active BWP(s) of all the co-scheduled cell combinations and equal to the largest payload size among the active BWP(s) of all the co-scheduled cell combinations determined by the co-scheduled cell combination table.
· Otherwise, 
· The UE determines the actually scheduled cell(s) based on the FDRA field of each cell of the set of cells.
· For Type 0 FDRA, all 0s indicates the cell is not scheduled.
· For Type 1 FDRA, all 1s indicates the cell is not scheduled.
· The size of the Type 2 fields for each cell does not change according to actually co-scheduled cells. 
· The payload size of DCI format 0_X is derived by UE based on RRC configuration of the active BWP(s) of all cells within the set of cells.
· The payload size of DCI format 1_X is derived by UE based on RRC configuration of the active BWP(s) of all cells within the set of cells.



As per the agreements, separate fields are configured for each cell for Type-2 DCI fields, i.e., NDI, RV, MCS, HPN, FDRA, PTRS-DMRS association, TPC command for scheduled PUSCH and configurable fields (Antenna ports, precoding information and number of layers and SRS resource indicator), and the total payload size of DCI is fixed for the set of cells while the association between cell and a certain per-cell field of Type-2 DCI field can be changed depending on the combination of co-scheduled cell when co-scheduled cells are indicated via co-scheduled cell indicator in DCI. 
Regarding the association between cell and a certain field of Type-2 fields, some possibilities can be assumed, and hence it needs to be clarified. For example, at least the following alternatives can be considered.
· Alt.1: The cell list which configures the cells in the set of cells is indicated via RRC parameter, and the order of cells in the list is referred for the order of per-cell fields of Type-2 field in DCI format 0_X/1_X.
· Alt.2: The cell list which configures the cells in the set of cells is indicated via RRC parameter, and the order of cell index (i.e., ServCellIndex) is referred for the order of per-cell fields of Type-2 field in DCI format 0_X/1_X.

For these alternatives, both of them would work and there is no big difference between these alternatives, thus we think either is fine but propose Alt.1 just to make it clear.

Proposal 2:
For multi-cell scheduling, the reference cell order for per-cell fields of Type-2 field in DCI format 0_X/1_X should be clarified.
· The cell list which configures the cells in the set of cells is indicated via RRC parameter, and the order of cells in the list can be referred for the order of per-cell fields of Type-2 field in DCI format 0_X/1_X.


Search space set configuration for DCI format 0_X/1_X on reference cell
	Agreement
Confirm the RAN1#110bis-e working assumption with the following changes: 
Working Assumption
For a set of cells which is configured for multi-cell scheduling, 
· Existing DCI size budget is maintained on each cell of the set of cells.
· DCI size of DCI format 0_X/1_X is counted on one cell among the set of cells.
· DCI size of the DCI format 0_X/1_X is counted on the reference cell.
· BD/CCE of DCI format 0_X/1_X is counted on one cell among the set of cells.
· BD/CCE of the DCI format 0_X/1_X is counted on the reference cell.
· Same reference cell is used for both DCI format 0_X and DCI format 1_X.
· The reference cell is
· the scheduling cell if the scheduling cell is included in the set of cells and search space of the DCI format 0_X/1_X is configured only on the scheduling cell;
· one cell of the set of cells which search space of DCI format 0_X/1_X is configured on and associated with the search space of the scheduling cell with the same search space ID if search space of the DCI format 0_X/1_X is configured on the cell in addition to the scheduling cell.
· It is up to gNB on which cell the SS of the DCI format 0_X/1_X is configured on.
· To address Rel-17 BD/CCE limit for any given cell (operating the feature under Rel-17 BD/CCE limit)
· For the reference cell, a total number of configured BD/CCEs for both DCI formats 0_X/1_X and legacy DCI formats (if configured) does not exceed the Rel-17 limits. 
· For other cells in the sets of cells, Rel-17 limits for PDCCH/DCI monitoring and BD/CCE counting rules for legacy DCI formats (not including DCI formats 0_X/1_X) apply



As shown in the agreement, when the scheduling cell is not included in the set of cells, search space set for DCI format 0_X/1_X which has the same search space ID with that of scheduling cell is configured on one cell in the set of cells which corresponds to reference cell.
According to the current specification, similar framework is used for cross-carrier scheduling. More specifically, search spaces which share the same search space ID are configured on both scheduling cell and scheduled cell but all the optional fields except for nrofCandidates in searchSpace IE are absent for the search space set configuration on scheduled cell.
In our understanding, the same principle is simply reused for multi-cell scheduling, i.e., if search space set for DCI format 0_X/1_X which has the same search space ID with that for scheduling cell is configured on the reference cell in the set of cells, all the optional fields in the searchSpace IE except for nrofCandidates are absent. To make it sure that this is common understanding for multi-cell scheduling, we make the following proposal.

Proposal 3:
For the search space set configuration of DCI format 0_X/1_X for multi-cell scheduling, all the optional fields except for nrofCandidates in searchSpace IE are absent for the search space set configuration on reference cell of the set of cells.


Whether to reuse RRC parameters for the legacy DCI formats
According to the current specification, some RRC parameters are specified for legacy DCI formats, e.g., vrb-ToPRB-InterleaverDCI, pdsch-HARQ-ACK-OneShotFeedbackDCI, pdsch-HARQ-ACK-enhType3DCI, pucch-sSCellDynDCI, numberOfBitsForRV-DCI, etc. For these RRC parameters, it is unclear based on the agreement so far whether new RRC parameters are specified for DCI format 0_X/1_X while RRC parameters which is used for the same purpose for legacy DCI already exists or RRC parameters for legacy DCI are simply reused, and hence it should be clarified.
In our view, it is not necessary to always align the same configuration between legacy DCI formats and DCI format 0_X/1_X and also it is preferable to allow independent configuration between legacy and multi-cell DCI in general. It should be noted that it was already agreed to introduce new RRC parameter for some cases, e.g., resourceAllocationType1GranularityDCI-0-X/resourceAllocationType1GranularityDCI-1-X. Hence, we prefer to introduce new RRC parameters in the following proposal.
Proposal 4:
For multi-cell scheduling, following new RRC parameters should be introduced DCI format 0_X/1_X.
· Configuration for the VRB-to-PRB mapping field in DCI format 1_X (vrb-ToPRB-InterleaverDCI-1-X)
· Configuration for the field size of HPN in DCI format 1_X (harq-ProcessNumberSizeDCI-1-X)
· Configuration for enabling of Type3 HARQ-ACK codebook by DCI format 1_X (pdsch-HARQ-ACK-OneShotFeedbackDCI-1-X)
· Configuration for Enhanced Type-3 codebook indicator in DCI format 1_X (pdsch-HARQ-ACK-enhType3DCI-1-X/ pdsch-HARQ-ACK-enhType3DCIfieldDCI-1-X)
· Configuration for HARQ-ACK retransmission indicator in DCI format 1_X (pdsch-HARQ-ACK-retxDCI-1-X)
· Configuration for the PUCCH cell indicator field in DCI format 1_X (pucch-sSCellDynDCI-1-X)
· Configuration for the field size of RV field in DCI format 0_X/1_X (numberOfBitsForRV-DCI-0-X/ numberOfBitsForRV-DCI-1-X)


2.2. UL Tx switching
Ambiguity between one switching and two switchings
At the RAN1#111 and RAN1#112 meetings, the issue on potential ambiguity between one switching and two switchings was discussed but no conclusion has been made. As in the moderator’s summary in [1], following proposal has been discussed.
	· When a UE is triggered to perform TX switching between a band pair, and the start of the UL transmission after TX switching is T0, UE uses grants received before T0-Toffset to determine how to perform switching, where Toffset is the UE processing procedure time defined for the uplink transmission triggering.
· To determine the Toffset which is composed of N2 and Tswitch, the minimum SCS among the downlink carriers where DCI triggers the UL transmission for Tx switching is used as µDL and the minimum SCS among the UL carriers after Tx switching is used as µUL to determine N2, additionally, the minimum SCS among the UL carriers involved in Tx switching is used as µUL to determine Tswitch
· If the two Tx chains are triggered to switch between two different band pairs (e.g., band A + band C->band B + band D), and when the two UL transmissions after TX switching are at least partially overlapped in time domain, UE perform it as one TX switching involving more than 2 bands



We think above proposed clarification is reasonable and necessary. This clarification would help to reply RAN4 LS in [2] as RAN4 asked following question.
	From RAN1 perspective, is it possible that the two Tx chains are switched concurrently between two different band pairs and with overlapping switching period? Two examples are given below:
· Example #1: In the case of 3-band Tx switching, the switching is performed from 1T+1T on band A and B to 2T on band C.
· Example #2: In the case of 4-band Tx switching, the switching is performed from 1T+1T on band A and B to 1T+1T on band C and D.



Proposal 5:
When a UE is triggered to perform TX switching between a band pair, and the start of the UL transmission after TX switching is T0, UE uses grants received before T0-Toffset to determine how to perform switching, where Toffset is the UE processing procedure time defined for the uplink transmission triggering.
· To determine the Toffset which is composed of N2 and Tswitch, the minimum SCS among the downlink carriers where DCI triggers the UL transmission for Tx switching is used as µDL and the minimum SCS among the UL carriers after Tx switching is used as µUL to determine N2, additionally, the minimum SCS among the UL carriers involved in Tx switching is used as µUL to determine Tswitch
· If the two Tx chains are triggered to switch between two different band pairs (e.g., band A + band C->band B + band D), and when the two UL transmissions after TX switching are at least partially overlapped in time domain, UE perform it as one TX switching involving more than 2 bands


3. eDSS
gNB configuration of gNB’s transmission scheme or UE’s CE scheme
In our companion contribution [2], we propose to support UE capability reporting on the support of “CE on clean symbol(s) only”. 
In case that UE supports “legacy CE assumption” but does not support “CE on clean symbol(s) only”, gNB should apply “superposition transmission of DMRS/PDCCH and CRS”. Since the UE will perform legacy CE on both clean symbol(s) and non-clean symbol(s) where LTE CRS REs exist, “puncturing DMRS REs overlapping with CRS” will degrade the performance due to the lack of DMRS REs on non-clean symbol(s). 
On the other hand, if UE supports “CE on clean symbol(s) only”, gNB can apply either “puncturing DMRS REs overlapping with CRS” or “superposition transmission of DMRS/PDCCH and CRS” since anyway the UE in this case performs CE on clean symbol(s) only and above possible gNB transmission schemes (i.e., whether DMRS REs overlapping with CRS are transmitted or punctured) do not have any impact on the CE. However, in order to avoid unnecessary transmission, gNB may select “puncturing DMRS REs overlapping with CRS” instead of “superposition transmission of DMRS/PDCCH and CRS” if gNB is aware of the UE support for “CE on clean symbol(s) only”.
Therefore, the UE capability reporting on the optional support of “CE on clean symbol(s) only” would be necessary. Accordingly, gNB configuration to inform UE about gNB transmission scheme (i.e., “puncturing” or “superposition transmission”) or to indicate UE about CE scheme (i.e., “legacy CE assumption” or “clean symbol(s) only”) would also be necessary so that UE supporting both “legacy CE assumption” and “CE on clean symbol(s) only” can select appropriate one to achieve better performance.
Proposal 6:
Introduce an gNB configuration to inform UE about gNB transmission scheme (i.e., “puncturing” or “superposition transmission”) or to indicate UE about CE scheme (i.e., “legacy CE assumption” or “clean symbol(s) only”)

Restriction on the symbols supporting PDCCH reception
One of the remaining issues is whether to define some limitation on the symbols supporting PDCCH reception. LTE CRS is transmitted in symbols 0, 1, 4, 7, 8 and 11 when the number of CRS antenna ports is four. 
In symbol 0, CRS of antenna port 0 is transmitted. CRS of antenna port 0 is used for various purposes such as DL synchronization and RRM. LTE PCFICH and PHICH are also transmitted in symbol 0. Superposition transmission of PDCCH/DMRS and CRS in symbol 0 may cause interference to CRS/PCFICH/PHICH and negatively impact to LTE UEs. Superposition transmission of DMRS/PDCCH and CRS should not be performed in symbol 0. CRS of antenna port 0 is also transmitted in symbols 4, 7 and 11. Superposition transmission of DMRS/PDCCH and CRS in those symbols should not be performed either.
Even in case of “puncturing DMRS REs overlapping with CRS”, since PDCCH REs overlapping with CRS are not punctured, it may cause interference to CRS/PCFICH/PHICH and corresponding potential negative impact. Therefore, one possible way to avoid such potential negative impact to LTE operation is to define the limitation on the symbols supporting PDCCH reception.
Proposal 7: 
Not support reception of PDCCH candidates that overlap with CRS in symbol 0, 4, 7 and 11 in Rel-18

4. BWP without restriction
Option B-1-1
Option B-1-1 is to support BM/RLM/BFD based on SSB outside the active BWP without interruptions. In this option, SSB used for BM/RLM/BFD is CD-SSB outside the active BWP and hence UE is aware of the configuration of CD-SSB i.e., no new RRC configuration is necessary.
Regarding the RAN1 specification impact for Option B-1-1, TS38.213 section 5 describes that “The UE is not required to monitor the downlink radio link quality in DL BWPs other than the active DL BWP…” and hence it should be clarified that this is not applicable to UE supporting Option B-1-1.

Option B-1-2
Option B-1-2 is to support BM/RLM/BFD based on SSB outside the active BWP with interruptions. The difference from Option B-1-1 is only interruptions, and hence UE is aware of the configuration of CD-SSB i.e., no new RRC configuration is necessary. In addition, clarification for TS38.213 section 5 proposed for Option B-1-1 is applicable to UE supporting Option B-1-2 as well. Specification impacts of interruptions are in RAN4 specs.

Option C
Option C is to support BM/RLM/BFD based on NCD-SSB within the active BWP for non-RedCap UEs. For this option, specification descriptions and RRC parameters regarding NCD-SSB for RedCap UE can be reused for non-RedCap UE by removing the condition/restriction such as “for RedCap UE”.


5. Conclusion 
In this contribution, we made following proposals.

Proposal 1:
For multi-cell scheduling, the value range for n_CI which is configured via RRC parameter should be from 0 to 11.

Proposal 2:
For multi-cell scheduling, the reference cell order for per-cell fields of Type-2 field in DCI format 0_X/1_X should be clarified.
· The cell list which configures the cells in the set of cells is indicated via RRC parameter, and the order of cells in the list can be referred for the order of per-cell fields of Type-2 field in DCI format 0_X/1_X.

Proposal 3:
For the search space set configuration of DCI format 0_X/1_X for multi-cell scheduling, all the optional fields except for nrofCandidates in searchSpace IE are absent for the search space set configuration on reference cell of the set of cells.

Proposal 4:
For multi-cell scheduling, following new RRC parameters should be introduced DCI format 0_X/1_X.
· Configuration for the VRB-to-PRB mapping field in DCI format 1_X (vrb-ToPRB-InterleaverDCI-1-X)
· Configuration for the field size of HPN in DCI format 1_X (harq-ProcessNumberSizeDCI-1-X)
· Configuration for enabling of Type3 HARQ-ACK codebook by DCI format 1_X (pdsch-HARQ-ACK-OneShotFeedbackDCI-1-X)
· Configuration for Enhanced Type-3 codebook indicator in DCI format 1_X (pdsch-HARQ-ACK-enhType3DCI-1-X/ pdsch-HARQ-ACK-enhType3DCIfieldDCI-1-X)
· Configuration for HARQ-ACK retransmission indicator in DCI format 1_X (pdsch-HARQ-ACK-retxDCI-1-X)
· Configuration for the PUCCH cell indicator field in DCI format 1_X (pucch-sSCellDynDCI-1-X)
· Configuration for the field size of RV field in DCI format 0_X/1_X (numberOfBitsForRV-DCI-0-X/ numberOfBitsForRV-DCI-1-X)

Proposal 5:
When a UE is triggered to perform TX switching between a band pair, and the start of the UL transmission after TX switching is T0, UE uses grants received before T0-Toffset to determine how to perform switching, where Toffset is the UE processing procedure time defined for the uplink transmission triggering.
· To determine the Toffset which is composed of N2 and Tswitch, the minimum SCS among the downlink carriers where DCI triggers the UL transmission for Tx switching is used as µDL and the minimum SCS among the UL carriers after Tx switching is used as µUL to determine N2, additionally, the minimum SCS among the UL carriers involved in Tx switching is used as µUL to determine Tswitch
· If the two Tx chains are triggered to switch between two different band pairs (e.g., band A + band C->band B + band D), and when the two UL transmissions after TX switching are at least partially overlapped in time domain, UE perform it as one TX switching involving more than 2 bands

Proposal 6:
Introduce an gNB configuration to inform UE about gNB transmission scheme (i.e., “puncturing” or “superposition transmission”) or to indicate UE about CE scheme (i.e., “legacy CE assumption” or “clean symbol(s) only”)

Proposal 7: 
Not support reception of PDCCH candidates that overlap with CRS in symbol 0, 4, 7 and 11 in Rel-18
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