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[bookmark: _Hlk510705081]In this contribution, we discuss the remaining, essential open issues on multi-cell PUSCH/PDSCH scheduling with a single DCI as part of the multi-carrier enhancements for NR WI based on the following justification and related objective defined in the WID in RP-220834:
	Justification: 
One motivation is to increase flexibility and spectral/power efficiency on scheduling data over multiple cells including intra-band cells and inter-band cells. The current scheduling mechanism only allows scheduling of single cell PUSCH/PDSCH per a scheduling DCI. With more available scattered spectrum bands or wider bandwidth spectrum, the need of simultaneous scheduling of multiple cells is expected to be increasing. To reduce the control overhead, it is beneficial to extend from single-cell scheduling to multi-cell PUSCH/PDSCH scheduling with a single scheduling DCI. Meanwhile, trade-off between overhead saving and scheduling restriction has to be taken into account.

Objective:
1. Specify a solution for multi-cell PUSCH/PDSCH scheduling (one PDSCH/PUSCH per cell) with a single DCI [RAN1]
· Identify the maximum number of cells that can be scheduled simultaneously
· Consider both intra-band and inter-band CA operation
· Consider both FR1 and FR2
· The single DCI shall be optimized for 3 or more cells for the multi-cell PUSCH/PDSCH scheduling




In order to simplify the work of the moderator, the document is structured in a similar manner as the moderator documents used in previous RAN1 meetings with the final RAN1#111 moderator summary being available in R1-2212924:
· In Section 2, we discuss DCI format design issues (according to Sec. 3 of the RAN1#111 moderator summary in R1-2212924)
· This includes several aspects not discussed so far at all, including e.g. supported CRC scrambling 
· In Section 3, we discuss DCI field design (according to Sec. 4 of the RAN1#111 moderator summary in R1-2212924)
· This includes several aspects not discussed so far at all, such as the applicability of the legacy RRC configurations for 0_X/1_X operation as well as generic Type 1 B configuration structure. 
· In Section 4, we discuss pending issues on HARQ CB construction (according to Sec. 5 of the of the RAN1#111 moderator summary in R1-2212924)
· In Section 5, we discuss the suggested RRC configuration structure to configure the feature (not discussed in RAN1 yet)



DCI format design
Number of ‘set of cells’ supported within a cell group 
At RAN1#111, RAN1 finally decided on the maximum number cells within in set of cells based on the following agreement: 
	Agreement
For a set of cells which is configured for multi-cell scheduling, up to 4 cells within the set of cells are supported.
· A DCI format 0_X/1_X can schedule PUSCH(s)/PDSCH(s) on a combination of co-scheduled cells among the same set of cells.



As already discussed earlier, having this limitation means that at least two set of cells would need to be supported (at least by specification, UE support is up to UE feature discussions) to be able to address the maximum of 8 cells within a cell group. 
Observation 2.1.1: Supporting a maximum of 4 cells configured for the set of cells requires more than one configured set of cells within a PUCCH cell group to allow addressing all cells through MC-DCI scheduling. 
But from flexibility perspective, we think that up to 4 set of cells could be supported (depending on UE support) in Rel-18. The possibility of configuring additional cell sets enables the options configuration options where cell set size, PDCCH capacity and performance can be traded off considering the constraints of the DCI size. Artificially limiting the specifications to only up to 2 set of cells per cell group seems to be not needed as there is no real interaction between a possible 2nd, 3rd and 4th set of cells based on other related decisions (relevant parts marked in yellow): 
	Agreement
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

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.


 
The only thing that could maybe be specifically added to a related decision to support more than one set of cells could be that the DCI fields (& sizes - including the indicator of co-scheduled cells) are independently determined and/or configured. 

Proposal 2.1: The UE can be configured with up to 4 sets of cells within a PUCCH group for multi-cell scheduling. 
· When multiple sets of cells are configured for multi-cell scheduling, a cell in one set of cells can’t be included in another set of cells.  
· The DCI content (DCI field(s), type(s) and/& sizes) can be separately configured for each set of cells. 

Indication of co-scheduled cells & related 0_X / 0_X and CIF /n_CI relation
On this issue, the following agreements & working assumptions are available on the maximum number of cells: 
	Agreement
· For a UE, the maximum number of cells scheduled by a DCI format 0_X can be same or different to the maximum number of cells scheduled by a DCI format 1_X.

Agreement
· One value for the maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 is selected from {3, 4, 8}.
· For a UE, the maximum number of co-scheduled cells by a DCI format 0_X can be smaller than or equal to the maximum number supported in Rel-18.

Agreement
· One value for the maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 is selected from {3, 4, 8}.
· For a UE, the maximum number of co-scheduled cells by a DCI format 1_X can be smaller than or equal to the maximum number supported in Rel-18.

Agreement
Confirm the following working assumption reached in RAN1#110 meeting.
Working Assumption
· The maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 is 4.
· The maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 is 4.
· FFS: The maximum number of configurable cells for co-scheduling

Agreement
For a set of cells which is configured for multi-cell scheduling, up to 4 cells within the set of cells are supported.
· A DCI format 0_X/1_X can schedule PUSCH(s)/PDSCH(s) on a combination of co-scheduled cells among the same set of cells.




Based last agreement a set of cells can have a maximum size of 4 serving cells and the same set of cells applies to PUSCH / 0_X and PDSCH / 1_X scheduling. During RAN1#111, there had been the following proposal on the indication been brought forward by the moderator: 
	Proposal 3-2:
· ....
· For a set of cells which is configured for multi-cell scheduling, the co-scheduled cells are indicated by an indicator in DCI format 0_X/1_X which points to one row of a table defining combinations of co-scheduled cells for the set of cells.
· The table is configured by RRC signaling for the set of cells.
· The size of the indicator is determined based on the number of rows in the table.
· Separate tables can be configured for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling for the set of cells.



We fully support the intention of the proposal, but think there needs to be some consideration of the relation of 
· CIF in the DCI and its relation to n_CI and/or scheduled cell indicator
· Does 0_X within a cell group automatically imply 1_X scheduling (and vice versa) or not?
· MC-DCI PUSCH (0_X) and PDSCH (1_X) scheduling within a PUCCH group

Based on the following RAN1#111 agreement, a single n_CI value is configured for a set of cells 
	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.


independently of the scheduled cell combination. For cross-carrier scheduling, the CIF in the scheduling DCI is not really / only there to define the scheduled cell (so it is not just a scheduled cell indication), but it is more of an indication that a detected DCI format corresponds to an n_CI value indicated by the CIF field. This is there since Rel-10 LTE times to guarantee that in case of overlapping search spaces for different scheduled cells, the DCI format can be unambiguously associated with a serving cell. We think that the same would need to be equally applicable to multi-cell DCI formats 0_X and 1_X. Therefore, the CIF field should be included in DCI formats 0_X/1_X and should be indicating the n_CI value associated (i.e., configured) for the set of cells. The CIF field in DCI formats 0_X/1_X would therefore indicate the set of cells to differentiate from (a) single cell x-scheduling (associated with certain n_CI/CIF values) as well as (b) different set of cells within the PUCCH group (.. and its configured n_CI value) if scheduled from the same cell. Therefore, the CIF field cannot be used as an indicator identifying the co-scheduled cell combination within the set of cells at the same time. 
Proposal 2.2.1: The CIF field is included in DCI format 0_X/1_X to indicate only the n_CI associated with the set of cells.
· Note: The CIF field can therefore not be used to indicate the co-scheduled cell combination. 

On the indication of the co-scheduled cell combination, a large majority of companies in RAN1#111 preferred using Option 1, i.e., configuring a table of co-scheduled cell combinations aligned with moderator proposal 3-2 above. To re-iterate here quickly our earlier comments why we support the moderator proposal the following should be noted: 
· An example list or table could look like this:
	Multi-cell scheduling combination
	Scheduled cells

	0
	Cell #1, Cell #2

	1
	Cell #2, Cell #3, Cell #3

	2
	Cell #2, Cell #3

	…
	

	L-1
	Cell #3, Cell #4 


· This could lead to a smaller DCI overhead compared to Option 2 using a bitmap, as the indication will be limited to the L configured multi-cell scheduling combinations and may therefore require less DCI overhead for the scheduled cell indications than having a bitmap of cells. 
· Moreover, the DCI size saving over Option 3 will be even more in case the DCI size is defined by the scheduled cell combination leading to the largest DCI size. If the set of cells has a size of 4, this means that the DCI size will be given by the scheduled cell combination of all 4 cells leading to rather large DCI size requiring the gNB to configure the DCI fields specifically e.g., the FDRA with rather large granularity to guarantee the DCI size to not exceed 140bits. For Option 1 in contrast for the example table above, even though 4 cells are included in the set of cells (#1 to #4) the maximum number of cells for a scheduled cell combination is just 3 cells. By doing so, the gNB is in a better position to guarantee the DCI size to be below 140 bits, still provide the needed flexibility (e.g., in terms of FDRA granularity, configured between Type 1 or Type 2 for some DCI fields) for the cell combinations under consideration. 

Another question that was discussed in RAN1 already is, if the same or different tables will be needed for DCI format 0_X/1_X. Based on the available agreements, the same set of cells is applicable for 0_X and 1_X even though for some cells within the set of cells the UE may not have UL CA configured (as UL CA is more limited from UE support compared to DL CA). Therefore, the same indication table may lead to (a) unnecessary large DCI field size for 0_X and (b) to cases where based on the indicated cell combination the UE does not have the cell configured for UL CA. Overall, as PUSCH & PDSCH scheduling operation (and its configuration) is currently independent, we also think here that for the dynamic scheduled cell indication there should be separate configuration of the table for 0_X and 1_X, as captured by the moderator in the 3rd sub-bullet. 

We fully support moderator proposal but think it would be good to also indicate that this is a separate, new DCI field (and not the CIF). 
Proposal 2.2.2: Adopt the following part of the RAN1#111 moderator Proposal 3-2 with the proposed additions in red: 
	Proposal 3-2:
· For a set of cells which is configured for multi-cell scheduling, the co-scheduled cells are indicated by an indicator in DCI format 0_X/1_X which points to one row of a table defining combinations of co-scheduled cells for the set of cells.
· The table is configured by RRC signaling for the set of cells.
· The size of the indicator of co-scheduled cells is determined based on the number of rows in the table.
· Separate tables can be configured for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling for the set of cells.
· A new DCI field Indicator of co-scheduled cells is included in DCI format 0_X / 1_X as indicator (i.e. CIF is not reused)



  
Another related aspect that needs clarification is that if the UE is configured within a set of cells (and its associated search space) with monitoring for DCI format 0_X – if this automatically also means that 1_X needs to be monitored for (and vice versa). We think that a separate configuration of 0_X, 1_X and 0_X & 1_X will be needed, as the gNB may not (specifically) apply 0_X / MC-DCI PUSCH scheduling due to limited UL CA operation within a PUCCH group. 
Proposal 2.2.3: For (a search space of) a set of cells which is configured for multi-cell scheduling, the UE can be configured to monitor for DCI format 0_X or 1_X or 0_X & 1_X.  
 
Scheduling possibilities 
At RAN1#110bis-e, the following was agreed on top of earlier RAN1 & RAN agreements, defining the operation of the scheduling from a same scheduling cell for a co-scheduled cell: 
	Agreement
Confirm below working assumption reached in RAN1#110 meeting with revision.
Working Assumption
· For a any cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, RAN1 specification supports monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) 0_0/1_0, 0_1/1_1, and/or 0_2/1_2 (if supported by the UE), if configured from a same scheduling cell. 
· The DCI format 0_X/1_X and the legacy DCI format(s) 0_0/1_0/0_1/1_1/0_2/1_2 can be monitored simultaneously. 
· FFS: whether monitoring of the DCI format 0_X/1_X and the legacy DCI format(s) is supported for one, a subset, or all cells within the set of cells. 
· FFS: number of different DCI sizes for 0_X/1_X and for legacy DCI formats
· FFS: whether to support a subset or all legacy DCI format(s) to be monitored with DCI 0_X/1_X
· Note: This does not mean a UE is required to support number of BDs/CCEs beyond the Rel-17 limits (i.e.,  and ) for PDCCH candidates for each scheduled cell.




The RAN1#110bis-e agreement only handles the case for a same scheduling cell, but it is still open if a different scheduling cell for 0_X/1_X and fallback DCI formats is to be supported. Two possibilities are depicted in Figure 1 and Figure 2. 
In Figure 1, the single-cell-scheduling DCIs are “self-scheduling”, i.e. on the same cell as the scheduled PxSCH. 

[image: ]
[bookmark: _Ref100741684][bookmark: _Ref99962456]Figure 1: Single-cell-scheduling DCIs are all “self-scheduling”, i.e. in the same cell as the scheduled PxSCH

In the current specifications there is no support of self- and cross-carrier scheduling for an SCell, and only a single scheduling cell for a scheduled SCell is supported. While for single-DCI scheduling (up to Rel-18) this may be a reasonable restriction, we think that with the introduction of the multi-cell scheduling DCI this restriction should be lifted. Note that the motivation for the multi-cell DCI is DL control overhead saving whereas the intention for cross-carrier scheduling has been more reliability aspect of DL control information and PDCCH capacity relief. If only multi-cell DCI scheduling and single-cell DCI scheduling from the same scheduling cell is to be supported (based on the RAN1#110bis-e), this would very quickly lead to very (too) high DL control load on the scheduling cell. Moreover, having a scheduling combination of single-cell DCI self-scheduling and multi-cell DCI scheduling as illustrated in Figure 1 enabled could be used to operate initial PDSCH/PUSCH transmissions using multi-cell DCI more independently and potentially needed re-transmissions using single-cell DCI without the need for e.g. independent/cell-specific HARQ-ID, RV & NDI reducing the multi-cell DCI size. Therefore, we think a combination of self-scheduling for single-cell (legacy DCI) and ‘cross-carrier’ scheduling using a multi-cell DCI should be supported. 
Proposal 2.3: For any cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, RAN1 specification supports monitoring the DCI format 0_X/1_X and DCI format 0_0/1_0, 0_1/1_1, and/or 0_2/1_2 (if supported by the UE), if configured from different scheduling cells for the case self-scheduling of DCI formats 0_0/1_0, 0_1/1_1/0_2/1_2.
· The DCI format 0_X/1_X and the legacy DCI format(s) 0_0/1_0/0_1/1_1/0_2/1_2 can be monitored simultaneously. 
· Note: This does not mean a UE is required to support number of BDs/CCEs beyond the Rel-17 limits (i.e.,  and ) for PDCCH candidates for each scheduled cell.
 

DCI size determination 
It is still open how to define now the exact size of DCI formats 0_X / 1_X depending on the configuration of the multi-cell scheduling. The baseline problem that we are seeing here is, that the required number of bits for a certain co-scheduled cell combination depends on the indicated co-scheduled cells, where for each of the cells potentially a different payload size for some fields (e.g., at least for FDRA for different BWP sizes for same SCS or different SCS in general) may be needed. 
Clearly, having the UE (& gNB) search for the maximum required size across all the co-scheduling combinations to define the DCI size will be possible, but this (i) increases UE (& gNB) complexity as well as (ii) the specification impact to 38.212 (i.e., as this search would also need to be captured in Sec. 7.3.X.Y for DCI formats 0_X and 1_X). 
Another issue to be considered that the required size for one scheduling combination is not just depending on RRC configuration but a UL/DL BWP change could also change e.g., the FDRA size for different co-scheduled cells also for the multi-cell scheduling DCI. Any missed UL/DL BWP change of an individual scheduled cell would thereby prevent the decoding of the multi-cell DCI also for other (not impacted) co-scheduled cell combinations negatively. Moreover, a BWP change for some co-scheduled cell combination exceeding the 140bits would lead to error cases, whereas with a fixed, RRC configured DCI size the gNB could still use DCI formats 0_X/1_X for co-scheduled cell combinations not exceeding the maximum given DCI size of 140bits. 
Looking at the discussions above, we still think that the simplest and most robust way would be to provide the DCI size for 0_X / 1_X by RRC configuration directly as part of the 0_X / 1_X configuration. Moreover, an RRC configured DCI size could be used by the gNB for DCI size alignment between DCI formats 0_X & 1_X without needing to discuss the overall DCI size alignment procedure with the new DCI formats (i.e., leave this to gNB implementation). 
Proposal 2.4: The DCI size for DCI format 0_X (or 1_X) for a set of cells is RRC configured. 

Supported CRC scrambling for 0_X / 1_X
One issue not discussed yet is the supported RNTI scrambling for the DCI formats 0_X and 1_X. 
Looking at the non-fallback DCI formats for PUSCH / PDSCH the following is currently supported: 
· DCI format 0_1 & 0_2 with CRC scrambled by C-RNTI, CS-RNTI, SP-CSI-RNTI or MCS-C-RNTI
· DCI format 1_1 & 1_2 with CRC scrambled by C-RNTI, CS-RNTI or MCS-C-RNTI

Looking at the supported CRC scrambling, the following comes to mind here: 
· C-RNTI is the baseline CRC scrambling for scheduled PUSCH / PDSCH and therefore clearly needs to be supported. 
· For MCS-C-RNTI, the same operation is supported as for C-RNTI expect that a different MCS table (low SE MCS table) is to be applied. As no additional decisions and specification effort will be needed, clearly also the scrambling of the CRC of DCI format 0_X / 1_X with the MCS-C-RNTI should be supported. 
· Looking at the CS-RNTI, the situation is maybe slightly different as the CS-RNTI is used for SPS / CG operation.
· First looking at the DL SPS and CG Type 2 activation / release, the question comes to mind if in the remaining time for the WI there will be sufficient time to take all the needed decisions here to support activation / release with 0_X/1_X (specs impact to Sec. 10.2 of 38.213). The baseline question is if this really needs to be supported here as the cell specific activation / release can be supported with legacy (‘single cell’) DCIs. As the activation / release is not expected to happen too often, we think that SPS & CG activation and release with DCI formats 0_X / 1_X should be not supported as we see this as unnecessary optimization at this point of time. 
· Regarding SPS / CG retransmission, this could be done but we still don’t see a need for this necessarily. 
· For the SP-CSI-RNTI for 0_X, we think the same considerations as for SPS / CG activation and release apply here. Moreover, as only a single CSI process can be activated for SP-CSI reporting at a time (as the CSI request field is of Type 1), using the MC-DCI instead of legacy DCI formats 0_1/0_2 does not seem to make too much sense. 

The discussion above can be summarized in the following proposal:
Proposal 2.5: Support CRC scrambling for DCI format 0_X / 1_X with CRC scrambled by C-RNTI and MCS-C-RNTI
· CRC scrambling for DCI format 0_X / 1_X by CS-RNTI is not supported or at least SPS & Type 2 CG activation / release using 0_X / 1_X is not supported
· CRC scrambling for DCI format 0_X by SP-CSI-RNTI is not supported

DCI field design
Pending decisions applicable to DCI formats 0_X and 1_X
Applicable legacy RRC configurations for DCI formats 0_X and 1_X
At RAN1#110, we have agreed on different DCI field types based on the following agreement: 
	Agreement
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.




One generic question that may need to be answered in addition to the association to the different functionalities (in terms of DCI fields) to the Type-1 to Type-3 DCI fields is, which of the existing configurations is to be used here as a baseline. 
We could apply the configurations that are used for scheduling for legacy DCI formats 0_1 & 1_1 or alternatively the separate configurations for the ‘compact’ R16 DCI formats 0_2 & 1_2. This question will be especially of importance for Type-3 DCI fields that may have a rather large impact on the DCI size. Clearly not all the ‘compact’ DCI format optimizations may be needed for DCI formats 0_X / 1_X, but e.g. the much reduced FDRA field size of DCI format 0_2 & 1_2 could be useful especially if having separate FDRA indications. 
Clearly, the most flexible operation would have separate configurations specifically for DCI formats 0_X / 1_X (as has been done for DCI formats 0_2 & 1_2) at the expense of a rather long list of new RRC parameters (related specification impact) as well as increase RRC configuration overhead. 
Proposal 3.1.1.1: RAN1 to discuss if the RRC parameters for DCI format 0_1/1_1 scheduling or the Rel-16 RRC parameters for DCI format 0_2/1_2 are reused for DCI formats 0_X/1_X operation, or if alternatively new separate configurations for DCI formats 0_X/1_X are introduced. 
DCI format 0_1 / 1_1 is more commonly used compared to the compact DCIs 0_2 / 1_2. Thus, we think we should take a generic decision that, if not agreed otherwise, the UL / DL serving cell / BWP specific parameters applicable to DCI format 0_1 / 1_1 will be equally applied to the multi-cell DCI format 0_X / 1_X. 
Proposal 3.1.1.2: On the applicable RRC parameters for DCI formats 0_X / 1X:
· The RRC parameters applicable for DCI format 0_1 also apply to DCI format 0_X, if not agreed otherwise or if not having a DCI format 0_X specific configuration. 
· The RRC parameters applicable for DCI format 1_1 also apply to DCI format 1_X, if not agreed otherwise or if not having a DCI format 1_X specific configuration.  

Type 1B DCI field pending decisions applicable to 0_X & 1_X
At RAN1#110 & 111, several fields have been decided to be of Type 1B – i.e. a joint indication / single DCI field applying to several cells, including TDRA, Rate matching indicator, ZP CSI-RS trigger, TCI, SRS request and SRS offset indicator.  
At RAN1#111, there had been some clarification on the Type 1B definition (see the moderator summary in R1-2212924, Sec. 7.1/7.2), which was formulated as: 
	· Type 1B
· Field size is dependent on number of rows in the configured table which contains combinations of indication for each cell in the set configured for the DCI format 1_X
· FFS: maximum number of rows
· Indicated bit is interpreted as pointing one row in the configured table



Let’s discuss this a bit more in detail for the case of time domain resource allocation, which could then be equally applicable for the other Type 1B DCI fields as well. 

Example: TDRA specific considerations:
On TDRA the following agreement is available: 
	Agreement
For a set of cells co-scheduled by a DCI format 0_X/1_X, time domain resource allocations for the set of cells are indicated by a single TDRA field in the DCI format 0_X/1_X. 
· Separate {SLIV, mapping type, scheduling offset K0 (or K2)} is indicated for each of co-scheduled PDSCHs/PUSCHs.
· FFS details of the TDRA table design



The problem is that so far the TDRA configuration is UL & DL BWP specific and that a UL or DL BWP change will result in a different TDRA currently configured for the single cell DCI formats. Therefore, having a fully independent configuration from the UL/DL BWP specific TDRA for multi-cell scheduling seems to be not really possible. But what would be possible, is to have a TDRA table defined that would just link to an entry in the UL/DL BWP specific TDRA combination. And we think the table could be independent of the indicated scheduled cell combination – i.e. it contains entries for all the cells within the set of cells independently of the co-scheduled cell indication. An example here could be: 
	TDRA entry
	Cell #0
	Cell #1
	Cell #2
	Cell #3

	0
	0
	0
	1
	2

	1
	0
	1
	1
	2

	2
	1
	0
	2
	0

	3
	1
	1
	1
	3

	…
	
	
	
	

	63
	15
	13
	14
	7



So, the UE would need to check based on the TDRA field indication, which TDRA entry for that specific cell is indicated and then use the UL/DL BWP specific configured TDRA table applied for DCI format 1_1 (except multi-PDSCH) and picks the SLIV & K0 / K2 information from there. As an example, if the example table above is configured and the DCI indicates scheduling of cells #0, 2 and 3 as well as TDRA entry /row as ‘2’, the 2nd TDRA entry (i.e. ‘1’) of the BWP specific table of cell #0, the 3rd TDRA entry (i.e. ‘2’) of the BWP specific table of cell #2 and the 1st TDRA entry (i.e. ‘1’) of the BWP specific table of cell #3 would be applied for the PDSCHs on cells #0, 2 and 3. And the information in the column for cell #1 would be neglected, as it is not indicated to be scheduled. 
We think that this flexibility will be needed, as there may be e.g. only a smaller number of TDRA entries used for single cell scheduling (e.g., up to 16 in Rel-15, up to 64 in Rel-16 for dynamic repetition indication for PUSCH) whereas for the joint indication of the scheduled cells up to 8 bits / 256 entries would be good to have here.
Proposal 3.1.2.1: The TDRA field of Type 1B for DCI formats 0_X / 1_X can be up to 8 bits.  
To summarize the discussions here on the concrete example given for TDRA, we think that for Type 1B fields (incl. TDRA) there should be a table configurable of size {1...2max_num_bits_DCI_field, set_of_cell_size}, where the value of the DCI field defines the row and for each of the scheduled cells, determines the applicable value as for DCI format 1_X (or 0_X) is given by the DCI field value directly. 
Proposal 3.1.2.2: The RRC configuration and operation for Type 1B fields in DCI formats 0_X/1_X is a as follows:
· A table of size {1...2max_num_bits_DCI_field, set_of_cell_size} is configured for each Type 1B field in DCI format 0_X and 1_X
· Note: The table contains entries for all the cells of the set of cells and the table is independent of the indicated co-scheduled cell combination
· Note: e.g. for the SRS request field agreed as Type 1B with up to 4 bits, a table with up 16 rows and up to 4 columns (as up to 4 cells within the set of cells) is configured. 
· The value range of each of the table entries corresponds to the value range of the DCI field for DCI format 0_1 / 1_1
· Note: e.g. for the SRS request field, the value range within the table will be {00, 01, 10, 11}
· The applicable value for a scheduled cell is determined based on the indicated DCI field value in DCI format 0_X/1_X determining the table row and the scheduled cell determining the table column. 
· The applicable value of the scheduled cells is then applied for the scheduling operation in the same way as the DCI field value in DCI format 0_1 / 1_1 
· Note: e.g. for the SRS request, the indicated value from the set of 4 possible values {00,01,10,11} is used to determine the SRS request on the scheduled cell of interest based on Table 7.3.1.1.2-24 of 38.212

Some remaining details of DCI fields agreed to be included in DCI format 0_X & 1_X

Priority indicator:
At RAN1#110bis-e, we agreed the Priority indicator to be included in 0_X/1_X as Type-1 field, but we have neither agreed on the DCI field sub-type (i.e. Type 1A/B/C) nor the related DCI bitwidth.
As we agreed to only support a single PUCCH format HARQ to carry all the HARQ of different PDSCH, clearly the HARQ of all the PDSCHs would need to be associated with the same PHY priority. The same applies to the PHY priority PUSCH, as also we don’t have DAI for the HARQ of different PHY priorities present in the 0_X. Therefore, the PHY priority indication should apply to all the scheduled cells, i.e. should be of Type 1A. 
On the presence of the bit in the DCI, we think a separate configuration from DCI format 0_1/1_1 will be needed as the DCI field presence for 0_1/1_1 is configured DL BWP specific. Therefore, the presence would need to be configured per set of cells there. 
Proposal 3.1.3.1: The Priority Indicator in DCI format 0_X and 1_X is 1bit and of Type 1A. 
· The DCI field presence in DCI format 1_X is RRC configured per set of cells using priorityIndicatorDCI-1-X
· The DCI field presence in DCI format 1_X is RRC configured per set of cells using priorityIndicatorDCI-0-X

ChannelAccess-CPext
There has been plenty of discussion if to support NR-U, i.e. shared spectrum bands, as well and the intention was to not do any specific optimizations. Therefore, we think the field should be of Type 1A (if supported at all) and the size should be given by the largest number of entries of each of the cells within the set of cells. 
Proposal 3.1.3.2: The ChannelAccess-CPext field in DCI format 0_X / 1_X is of Type 1A. The field size is determined by the largest field size for each of the cells within the set of cells. 

FDRA details
We have a baseline decision on cell specific FDRA indication (i.e. Type 2) - but we also agreed to support larger FDRA granularity for Type 0 and Type 2 resource allocation which requires further clarification. 
For Type 0 resource allocation, the rbg-Size can be configured in PUSCH-config/PDSCH-config per UL / DL BWP between two settings given by ‘Configuration 1’ and ‘Configuration 2’. So first of all, we think that a similar ‘Configuration 3’ with even larger RGB size could be added, and we don’t actually see the need to RRC configure the size per UL / DL BWP but think that a single configuration per set of cells could be sufficient as having very large granularity on one cell and a small granularity on another cell seems to make not very much sense.
Proposal 3.1.3.3: For Type 0 frequency domain resource allocation for DCI formats 0_X/1_X, the RBG granularity is configured per set of cells using rbg-Size-DCI-0-X/ rbg-Size-DCI-0-X from the set of {config1, config2, config3}. A third RBG size configuration ‘Configuration 3’ is added with the following values (addition in red): 
Table 5.1.2.2.1-1 / Table 6.1.2.2.1-1: Nominal RBG size P
	Bandwidth Part Size
	Configuration 1
	Configuration 2
	Configuration 3

	1 – 36 
	2
	4
	8

	37 – 72
	4
	8
	16

	73 – 144
	8
	16
	32

	145 – 275
	16
	16
	32



For Type 2 RA, we agreed to use the same larger granularity for start & length as for DCI format 0_2/1_2. Either the RRC parameter for DCI format 0_2/1_2 is reused directly (although the UE would not monitor for DCI format 0_2/1_2) or we introduce a similar RRC parameter for DCI format 0_2. We prefer the latter to fully decouple the operation from DCI format 0_X/1_X from the potential usage of the compact DCI formats 0_2 / 1_2. 
Proposal 3.1.3.4: For Type 2 frequency domain resource allocation using DCI format 0_X / 1_X, a larger resource allocation granularity can be configured with a new RRC parameter resourceAllocationType1GranularityDCI-0-X / resourceAllocationType1GranularityDCI-1-X (as is done for DCI format 0_2 / 1_2 using resourceAllocationType1GranularityDCI-0-2 / resourceAllocationType1GranularityDCI-1-2 in PUSCH-Config / PDSCH-Config). 

Remaining DCI fields details for DCI format 1_X
Effect of maxNrofCodeWord on presence of 2nd MCS, NDI & RV field
For PDSCH scheduling, the maximum number of codewords can be configured for each DL BWP separately to be either 1 or 2. This is having a large effect on the DCI size as for two codewords, there needs to be a 2nd MCS, NDI & RV field for each of the up to 4 scheduled cells. Therefore, it seems to make sense, to allow the gNB to configure a smaller number of maximum codewords for DCI format 1_X compared to the operation with the DCI format 1_1. 
Such configuration could be simply done per set of cells to allow limiting the number of codewords to just 1, even though the DL BWP specific configuration applicable to 1_1 could be still allowing for two codewords.
Proposal 3.2.1: Support restricting the number of codewords to 1 for DCI format 1_X by configuring CodeWordRestriction-DCI-1_X per set of cells. 
· Note: If CodeWordRestriction-DCI-1_X is configured, the maximum number of codewords schedulable on a cell for DCI format 1_X is set to 1. Otherwise, the cell & DL BWP specific configuration of maxNrofCodeWord applies also to scheduling for DCI format 1_X.

Missing agreements on some HARQ / PUCCH related DCI fields
At RAN1#110, the following was agreed with the PUCCH / HARQ related fields marked as yellow: 
	Agreement
For DCI format 1_X/0_X which can schedule more than one cell, 
· Type-1 fields at least include below:
· Type-1A:
· Identifier for DCI formats
· Downlink assignment index
· TPC for scheduled PUCCH
· PUCCH resource indicator
· PDSCH-to-HARQ timing indicator
· One-shot HARQ-ACK request
· Type-2 fields at least include below:
· New data indicator per TB
· Redundancy version per TB
· FFS: Other fields to be included in DCI format 1_X/0_X and which type of the fields belongs to.
· FFS: size for each field




We think that some PUCCH / HARQ related fields that all clearly will be of Type 1 A still need to be included in DCI format 1_X based on the following reasoning: 
· Enhanced Type 3 codebook indicator: We agreed to support the Rel-16 & Rel-17 Type 3 CB operation, and agreed the support of the triggering field One-shot HARQ-ACK request for DCI format 1_X. But what is still missing for the full operation for the Rel-17 Type 3 HARQ-ACK CB is the Enhanced Type 3 codebook indicator to be able to select which of the Rel-17 Type 3 HARQ-ACK CB is triggered for transmission. 
· HARQ-ACK retransmission indicator: We think that also the HARQ-ACK retransmission could be supported. The functionality & field presence could be specifically configured for DCI format 1_X using pdsch-HARQ-ACK-RetxDCI-1-X per set of cells.  
· PUCCH Cell indicator: For PUCCH cell switching based on dynamic indication in DCI format 1_1, it would be important to equally indicate the applicable PUCCH cell using DCI format 1_X. There seems to be no need for a separate configuration, but the field should be present if also present in DCI format 1_1 in a certain cell group. 

Proposal 3.2.2: In addition to the already agreed HARQ & PUCCH related DCI fields in DCI format 1_X, support the following DCI fields as Type 1A in DCI format 1_X:  
· Enhanced Type 3 codebook indicator
· Note: separate configuration for the DCI field presence could be considered per set of cells pdsch-HARQ-ACK-EnhType3DCI-FieldDCI1-X
· HARQ-ACK retransmission indicator
· Note: separate configuration for the DCI field presence could be considered per set of cells using pdsch-HARQ-ACK-RetxDCI-1-X
· PUCCH Cell indicator

Remaining DCI fields details for DCI format 0_X
CSI request:
At RAN1#110bis-e, we agreed the CSI request to be included in 0_X/1_X as Type-1 field, but we have neither agreed on the DCI field sub-type (i.e. Type 1A/B/C) nor the related DCI bitwidth.
There had been discussions if only a single CSI request can be triggered or if more than one CSI request can be triggered. Looking at the current operation, only a single CSI request can be received within a slot according to 38.214 Sec. 5.2.1.5.1: 
	A UE is not expected to receive more than one DCI with non-zero CSI request field per slot per cell. A UE is not expected to receive DCI with non-zero CSI request field within a cell group in a slot overlapping with any slot receiving DCI with non-zero CSI request field in the same cell group.



This should be retained, and therefore only a single CSI request can be triggered, and the CSI would also only be mapped on a single PUSCH. Therefore, this should be clearly of Type 1C – and the applicable cell should be the first scheduled cell (in the list of scheduled cells). 
Proposal 3.3.1: The CSI request field in DCI format 0_X is of Type 1C and CSI request operation is applied to the first cell in the list of scheduled cells.

beta_offset indicator:
At RAN1#110bis-e, we agreed the beta_offset indicator to be included in 0_X/1_X as Type-1 field, but we have neither agreed on the DCI field sub-type (i.e. Type 1A/B/C) nor the related DCI bitwidth.
We think there should be similar handline for the beta_offset indicator as for the DAI field in DCI format 0_X, i.e. it should be of Type 1 A / applicable to all scheduled PUSCHs. The field should be present, if at least for one of the set of cells is configured with betaOffsets as ‘dynamic’. 
Proposal 3.3.2: The beta_offset indicator in DCI format 0_X is 2bit and of Type 1A. 
· The beta_offset indicator is present in DCI format 0_X, if at least one of the cells within the set of cells is configured with betaOffsets as ‘dynamic’

UL-SCH indicator
At RAN1#110bis-e, we agreed the UL-SCH indicator to be included in 0_X/1_X as Type-1 field, but we have neither agreed on the DCI field sub-type (i.e. Type 1A/B/C) nor the related DCI bitwidth.
For legacy operation, the UL-SCH indicator is used for CSI reporting on PUSCH without UL-SCH as well as SRS only triggering without scheduling PUSCH. We think looking at the multi-cell DCI, the first use case to be more important and therefore suggest the same handling as for the CSI request field above. 
Proposal 3.3.3: The UL-SCH indicator field in DCI format 0_X is 1bit and of Type 1C and applies to the first cell in the list of scheduled cells only. For the remaining cells, UL-SCH presence is assumed (i.e. ‘1’). 

UL / SUL indicator
This issue was discussed in the last RAN1 meeting (using online time) as well as during the Dec. RAN meeting both without outcome. There are plenty of open issues to be still decided otherwise and we spend already sufficient online time on the UL/SUL indicator. Therefore, we think the online time on the UL / SUL issue should be minimized. If no agreement can be reached in RAN1#112, the field is to be excluded / not supported. 
From the different options discussed earlier, we still support Option 2 (0 or 1 bit) and object to Option 2 (0 or 1 bit per serving cell with SUL). 
Observation 3.3.4: RAN1 to minimize the online time for the UL/SUL indicator issues (as plenty of online time was spent already and plenty of more important issues still open). If no agreement can be reached in RAN1#112, the UL / SUL indicator is not to be included in DCI format 0_X.
Proposal 3.3.5: The UL / SUL indicator field is of Type 1 C (0~1 bit). 
 

SRS resource set indicator
We agreed earlier to not include the Second SRS resource indicator and the Second Precoding information in DCI format 0_X, but the overall handling of the Rel-17 M-TRP PUSCH repetition enhancements with DCI format 0_X are still unclear. The agreement to not support these two fields only means, that there cannot be a PUSCH repetition bundle transmission from more than one SRS resource set (with ‘codebook’/’non-codebook’) – but further clarification will be needed on what this means here for the operation with DCI format 0_X. 
Considering, the Rel-17 M-TRP PUSCH repetition enhancements feature the following can be considered:
· Alt. 1: The feature combination is not supported (i.e., the UE is not expected to be configured with both for a cell from the set of cells), which would clearly restrict the operation for the legacy DCI formats 0_1 & 0_2 and is therefore not preferred. 
· Alt. 2: For PUSCH scheduled by DCI format 0_X, one SRS resource set could be either fixed in the specification (e.g., the first SRS resource set) or one SRS resource set could be RRC configured to be applicable when applying multi-cell scheduling using DCI format 0_X. At least this alternative does not limit the scheduling using the legacy DCIs 0_1 & 0_2 when configured with two SRS resource sets with ‘codebook’/’non-codebook’
· Alt. 3: An SRS resource indicator is included in DCI format 0_X, where two values of ‘0’ and ‘1’ (1bit) will be sufficient to select one of the two SRS resource sets for transmission. Again, the question here would be if this is to be Type 1A (indication applicable to all the cells), Type 1B (joint indication), Type 2 (indication per cell) or configurable between Type 1A and Type 2. Compared to Alt. 2, at least a 1bit Type 1A field could be useful here considering limiting the DCI overhead but still providing the related flexibility here in terms of selecting dynamically one of the two SRS resource sets. 

Proposal 3.3.6: The SRS resource set indicator is included in DCI format 0_X as a Type 1A field of 1 bit allowing to select a single applicable SRS resource set (from the two SRS resource sets of ‘codebook/non-codebook’). 
· Note: If the field is not to be included in the DCI, clarifications on the feature combination will be needed (feature combination supported and/or which SRS resource set is applicable). 

HARQ enhancements
HARQ-ACK timing with DCI format 1_X scheduling
During RAN1#110, the following on the definition of the HARQ-ACK timing (i.e. which PUCCH slot is used for HARQ-ACK reporting) could be agreed: 
	Agreement
When UE detects a DCI format 1_X scheduling a set of PDSCHs, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot n+k where k is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format and n is the last UL slot overlapping with the DL slot nD  for the reference PDSCH reception for slot-based PUCCH or an UL slot overlapping with the end of the reference PDSCH reception in DL slot nD for sub-slot based PUCCH.
· FFS details of reference PDSCH



Which from HARQ-ACK timing leaves here only which dl-DataToUL-ACK is to be applied and the definition of the reference PDSCH / reference cell. 
We don’t think that a separate configured dl-DataToUL-ACK-DCI-1-X is required here and that the Rel-15 which dl-DataToUL-ACK could be directly applied. Notably this IE is part of the PUCCH config, so there is only a single dl-DataToUL-ACK configured to the UE per PUCCH group, so no additional agreements or specification work is needed for this. 
Proposal 4.1.1: dl-DataToUL-ACK is used for operation of DCI format 1_X. 
On the reference PDSCH, we think that the reference PDSCH could be the PDSCH on the first scheduled cell (in order of the cells in the table of configured cells to be indicated) for simplicity. 
Proposal 4.1.2: The reference PDSCH is the PDSCH of the first cell in the table row of the indicated co-scheduled cells. 
Finally, there is still the question if the reference PDSCH and/or its serving cell is also used to define the ‘last DCI’ for PRI overriding and for the DAI counting or not. Clearly the same procedure should be applied for defining the last DCI as well as for the C-DAI counting.
Using the scheduling cell for that purpose would come to mind first, but note that using the scheduling cell as the cell for defining the DAI / last DCI could lead to some ambiguities in case more than one DCI format 1_X is transmitted for a UE within a PDCCH monitoring occasion. Therefore, we think that also here the serving cell of the reference PDSCH could be used here. 
Proposal 4.1.3: The PDSCH of the first cell in the table row of the indicated co-scheduled cells and/or its associated cell is used for the last DCI format determination (for PRI) and DAI counting. 

Type-1 HARQ-ACK operation for multi-carrier PDSCH scheduling
There had been discussion on the overall support of the Type 1 HARQ-ACK codebook related to the complications introduced through multi-cell PDSCH scheduling using DCI format 1_X. 
At RAN#97, the following was agreed: 
	Agreement / RAN guidance
Type-1 HARQ-ACK codebook is supported only for the case where co-scheduled cells by a DCI format 1_X have same SCS/carrier type/duplex mode in Rel-18. Additional restriction(s) can be discussed in RAN1



Looking at the Type-1 HARQ-ACK CB, as pointed out by some companies in their input contributions to RAN1#109-e & RAN1#110, there would need to be some changes done to the Type-1 CB or some additional restrictions (as discussed in RAN) put in place. The baseline problem for Type-1 HARQ-ACK codebook is not so much coming from the configured k1 sets (which are the same for all the scheduled cells within a cell group as part of PUCCH-config) but more on the relation of the SLIVs of one scheduled cell and the SLIVs of the reference (PDSCH) cell which in addition may be varying. The effective k1 value for a PDSCH on a co-scheduled cell will be therefore depending on the SLIV of the reference cell PDSCH in relation to the SLIV on the co-scheduled cell (and possibly some additional k1 offset as discussed by Intel may be needed). Therefore, due to the HARQ-ACK timing relation discussed in the previous sub-section it will not be that simple extension for the Type 1 HARQ-ACK codebook as e.g. recently done for DCI format 1_2 in R16 (where only the union of the different k1 sets needed to be considered) as well as for sub-slot based PUCCH in R17. Moreover, the needed interaction of the configured SLIVs on different serving cells will increase the Type-1 HARQ-ACK codebook size even further and especially create issues for sub-slot based PUCCH. 
Therefore, we think we should not change the Type 1 HARQ-ACK codebook construction to support complicated interaction of different TDRA / SLIVs on different DL serving cells due to the limited time left in the WI. Instead, we just need to decide which restrictions are required to operate the existing (Rel-17) Type 1 HARQ-ACK codebook without changes. Especially considering that we beyond the originally assigned ending of this WI in RAN1 already, we think that such optimizations are not needed. If we don’t reach an agreement in RAN1#112 to change the Type 1 HARQ-ACK codebook the Type 1 HARQ-ACK codebook will stay unchanged by default. 
Proposal 4.2.1: The Type 1 HARQ-ACK codebook construction is not enhanced / changed for the purpose of multi-cell PDSCH scheduling: 
· FFS: required additional restrictions 

Clearly, the RAN guidance on not supporting different SCS / carrier type / duplex mode is helping a bit already, but we see still the following issues to be taken care of: 
· The SLIVs are still DL BWP specifically configured – and depending on the interaction of the different potential SLIVs configured for the co-scheduled cells, there could still be cases where the HARQ-ACK bit cannot be mapped. 
· But even if the same SLIVs are configured for each of the DL BWPs of different serving cells, for sub-slot based PUCCH there could be cases (due to the pruning per DL slot after TDRA determination per sub-slot) which could create some issues due to the interaction with the configured K1 set. Therefore, restricting to have the same TDRA / SLIV configure for all the DL BWPs of all DL serving cells is not fully helping (as is to require the same PDSCH mapping type – as suggested by QC in the RAN#97 GTW call). 

So from our perspective this leaves us only with the option, that this is up to gNB implementation, and the UE does not expect to be scheduled with a PDSCH that cannot be mapped to the Type 1 HARQ-ACK codebook. 
Proposal 4.2.2: If the UE is configured with Type 1 HARQ-ACK codebook, the UE is not expecting HARQ-ACK information of a PDSCH scheduled through multi-cell scheduled using DCI format 1_X that cannot be mapped to the Type 1 HARQ-ACK CB of a PUCCH. 


MC-DCI RRC configuration structure
As the WI in RAN1 was supposed to be closed in 2022 already and we only got now some additional TU for this RAN1 meeting, RAN1 would need to create / provide the RRC parameter list to RAN2 by the end of RAN1#112. 
Observation 5.1: RAN1 needs to provide the RRC parameter list to RAN2 for the WI by the end of RAN1#112 to be able to close the WI in the March plenary from RAN1 perspective. 
It would be good to have a common understanding where the MC-DCI operation overall is configured. Clearly this cannot be done as part of any cell specific configuration overall, as at least the set of cells would need to be defined within e.g. the PUCCH group. The cleanest would be to have this as part of the PhysicalCellGroupConfig to define the overall operation (including the set of cells, co-scheduled cell table, TDRA tables, Type 1 or Type 2 for certain DCI fields, etc.) here and then only have the search space configuration on one of the cells. 
Proposal 5.2: The baseline multi-cell DCI configuration is to be done as part of the PhysicalCellGroupConfig configuration. 
Within that, there seems to be a need to consider the following logically:
· Multiple ‘set of cells’ could be configured with the cell group (if supported) – list of set of cells
· For each set of cells: 
· Cell set specific configurations, such as list of serving cells, scheduling cell (in case of more than one set of cells), n_CI, etc.
· Configuration if DCI format 0_X, DCI format 1_X or both are supported for the set of cells - see the related discussions in Sec. 2.2
· For DCI format 0_X
· DCI format 0_X specific configuration (if applicable)
· Such as priorityIndicatorDCI-0-X presence, table for indication of scheduled cells, ... 
· Type 1B field configurations for some DCI fields
· Such as Type 1B tables for TDRA, SRS request, .... 
· Type 3 fields: Configuration between Type 1A or Type 2 for some DCI fields 
· Such as for Antenna port(s),...
· For DCI format 1_X
· DCI format 1_X specific configuration (if applicable)
· Such as priorityIndicatorDCI-1-X presence, table for indication of scheduled cells, ... 
· Type 1B field configurations
· Such as Type 1B tables for TDRA, Rate matching indicator,.... 
· Type 3 fields: Configuration between Type 1A or Type 2 for some DCI fields
· Such as for Antenna port(s), Precoding information and number of layers,...


Therefore, an example structure of the baseline RRC parameter configuration could be looking like: 
Proposal 5.3: Apply the following RRC configuration structure for the configuration of multi-cell DCI scheduling: 
	Within PhysicalCellGroupConfig:
MC-DCI-SetofCellsToAddModList-r16 SEQUENCE (SIZE(1..4)) OF MC-DCI-SetofCells OPTIONAL

MC-DCI-SetofCells ::= SEQUENCE {
ListofCells  SEQUENCE (SIZE(2..4)) OF ServCellIndex
... and other possible generic configurations for the set of cells such as scheduling cell (in case of more than one set of cells), n_CI, ...
dci-format-0-X          DCI-0-X              OPTIONAL
dci-format-1-X          DCI-1-X              OPTIONAL
}


DCI-0-X ::= SEQUENCE {
priorityIndicatorDCI-0-X       ENUMERATED {enabled}
... and other DCI format 0_X specific configuration similarly such as table for indication of co-scheduled cells, rgb size, ... 

pusch-TimeDomainAllocationListDCI-0-X ::= SEQUENCE (SIZE(1..256)) OF PUSCH-TimeDomainResourceAllocationDCI-0_X
PUSCH-TimeDomainResourceAllocationDCI-0_X ::= SEQUENCE (SIZE (2..4) of INTEGER (0... maxNrofUL-Allocations-r16 -1)
.... and other Type 1 B DCI field specific configurations similarly 

AntennaPorts_presence     ENUMERATED {common, cell-spec}
.... and for other Type 2 / Type 1A (i.e. common or cell-specific) DCI field configurations similarly
}



DCI-1-X ::= SEQUENCE {
priorityIndicatorDCI-1-X       ENUMERATED {enabled}
... and other DCI format 1_X specific configuration similarly, such as table for indication of co-scheduled cells,...

pdsch-TimeDomainAllocationListDCI-0-X ::= SEQUENCE (SIZE(1..256)) OF PDSCH-TimeDomainResourceAllocationDCI-0-X
PDSCH-TimeDomainResourceAllocationDCI-0-X ::= SEQUENCE (SIZE (2..4)) of INTEGER (0... maxNrofDL-Allocations-1)
.... and other Type 1 B DCI field specific configurations similarly

AntennaPorts_presence     ENUMERATED {common, cell-spec}
.... and for other Type 2 / Type 1A (i.e. common or cell-specific) DCI field configurations similarly
}





Conclusion
In this contribution with discussed multi-cell DCI scheduling aspects for Rel-18 CA enhancements. 
The discussions on the DCI format design in Sec. 2 can be summarized in the following proposals: 
· Proposal 2.1: The UE can be configured with up to 4 sets of cells within a PUCCH group for multi-cell scheduling. 
· When multiple sets of cells are configured for multi-cell scheduling, a cell in one set of cells can’t be included in another set of cells.  
· The DCI content (DCI field(s), type(s) and/& sizes) can be separately configured for each set of cells. 

· Proposal 2.2.1: The CIF field is included in DCI format 0_X/1_X to indicate only the n_CI associated with the set of cells.
· Note: The CIF field can therefore not be used to indicate the co-scheduled cell combination

· Proposal 2.2.2: Adopt the following part of the RAN1#111 moderator Proposal 3-2 with the proposed additions in red: 
	Proposal 3-2:
· For a set of cells which is configured for multi-cell scheduling, the co-scheduled cells are indicated by an indicator in DCI format 0_X/1_X which points to one row of a table defining combinations of co-scheduled cells for the set of cells.
· The table is configured by RRC signaling for the set of cells.
· The size of the indicator of co-scheduled cells is determined based on the number of rows in the table.
· Separate tables can be configured for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling for the set of cells.
· A new DCI field Indicator of co-scheduled cells is included in DCI format 0_X / 1_X as indicator (i.e. CIF is not reused)



  
· Proposal 2.2.3: For (a search space of) a set of cells which is configured for multi-cell scheduling, the UE can be configured to monitor for DCI format 0_X or 1_X or 0_X & 1_X.  

· Proposal 2.3: For any cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, RAN1 specification supports monitoring the DCI format 0_X/1_X and DCI format 0_0/1_0, 0_1/1_1, and/or 0_2/1_2 (if supported by the UE), if configured from different scheduling cells for the case self-scheduling of DCI formats 0_0/1_0, 0_1/1_1/0_2/1_2.
· The DCI format 0_X/1_X and the legacy DCI format(s) 0_0/1_0/0_1/1_1/0_2/1_2 can be monitored simultaneously. 
· Note: This does not mean a UE is required to support number of BDs/CCEs beyond the Rel-17 limits (i.e.,  and ) for PDCCH candidates for each scheduled cell.
 
· Proposal 2.4: The DCI size for DCI format 0_X (or 1_X) for a set of cells is RRC configured. 

· Proposal 2.5: Support CRC scrambling for DCI format 0_X / 1_X with CRC scrambled by C-RNTI and MCS-C-RNTI
· CRC scrambling for DCI format 0_X / 1_X by CS-RNTI is not supported or at least SPS & Type 2 CG activation / release using 0_X / 1_X is not supported
· CRC scrambling for DCI format 0_X by SP-CSI-RNTI is not supported


The discussions on the DCI field design in Sec. 3 can be summarized as: 
· Proposal 3.1.1.1: RAN1 to discuss if the RRC parameters for DCI format 0_1/1_1 scheduling or the Rel-16 RRC parameters for DCI format 0_2/1_2 are reused for DCI formats 0_X/1_X operation, or if alternatively new separate configurations for DCI formats 0_X/1_X are introduced. 

· Proposal 3.1.1.2: On the applicable RRC parameters for DCI formats 0_X / 1X:
· The RRC parameters applicable for DCI format 0_1 also apply to DCI format 0_X, if not agreed otherwise or if not having a DCI format 0_X specific configuration. 
· The RRC parameters applicable for DCI format 1_1 also apply to DCI format 1_X, if not agreed otherwise or if not having a DCI format 1_X specific configuration.  

· Proposal 3.1.2.1: The TDRA field of Type 1B for DCI formats 0_X / 1_X can be up to 8 bits.  

· Proposal 3.1.2.2: The RRC configuration and operation for Type 1B fields in DCI formats 0_X/1_X is a as follows:
· A table of size {1...2max_num_bits_DCI_field, set_of_cell_size} is configured for each Type 1B field in DCI format 0_X and 1_X
· Note: The table contains entries for all the cells of the set of cells and the table is independent of the indicated co-scheduled cell combination
· Note: e.g. for the SRS request field agreed as Type 1B with up to 4 bits, a table with up 16 rows and up to 4 columns (as up to 4 cells within the set of cells) is configured. 
· The value range of each of the table entries corresponds to the value range of the DCI field for DCI format 0_1 / 1_1
· Note: e.g. for the SRS request field, the value range within the table will be {00, 01, 10, 11}
· The applicable value for a scheduled cell is determined based on the indicated DCI field value in DCI format 0_X/1_X determining the table row and the scheduled cell determining the table column. 
· The applicable value of the scheduled cells is then applied for the scheduling operation in the same way as the DCI field value in DCI format 0_1 / 1_1 
· Note: e.g. for the SRS request, the indicated value from the set of 4 possible values {00,01,10,11} is used to determine the SRS request on the scheduled cell of interest based on Table 7.3.1.1.2-24 of 38.212

· Proposal 3.1.3.1: The Priority Indicator in DCI format 0_X and 1_X is 1bit and of Type 1A. 
· The DCI field presence in DCI format 1_X is RRC configured per set of cells using priorityIndicatorDCI-1-X
· The DCI field presence in DCI format 1_X is RRC configured per set of cells using priorityIndicatorDCI-0-X

· Proposal 3.1.3.2: The ChannelAccess-CPext field in DCI format 0_X / 1_X is of Type 1A. The field size is determined by the largest field size for each of the cells within the set of cells. 

· Proposal 3.1.3.3: For Type 0 frequency domain resource allocation for DCI formats 0_X/1_X, the RBG granularity is configured per set of cells using rbg-Size-DCI-0-X/ rbg-Size-DCI-0-X from the set of {config1, config2, config3}. A third RBG size configuration ‘Configuration 3’ is added with the following values (addition in red): 
Table 5.1.2.2.1-1 / Table 6.1.2.2.1-1: Nominal RBG size P
	Bandwidth Part Size
	Configuration 1
	Configuration 2
	Configuration 3

	1 – 36 
	2
	4
	8

	37 – 72
	4
	8
	16

	73 – 144
	8
	16
	32

	145 – 275
	16
	16
	32



· Proposal 3.1.3.4: For Type 2 frequency domain resource allocation using DCI format 0_X / 1_X, a larger resource allocation granularity can be configured with a new RRC parameter resourceAllocationType1GranularityDCI-0-X / resourceAllocationType1GranularityDCI-1-X (as is done for DCI format 0_2 / 1_2 using resourceAllocationType1GranularityDCI-0-2 / resourceAllocationType1GranularityDCI-1-2 in PUSCH-Config / PDSCH-Config). 

· Proposal 3.2.1: Support restricting the number of codewords to 1 for DCI format 1_X by configuring CodeWordRestriction-DCI-1_X per set of cells. 
· Note: If CodeWordRestriction-DCI-1_X is configured, the maximum number of codewords schedulable on a cell for DCI format 1_X is set to 1. Otherwise, the cell & DL BWP specific configuration of maxNrofCodeWord applies also to scheduling for DCI format 1_X.

· Proposal 3.2.2: In addition to the already agreed HARQ & PUCCH related DCI fields in DCI format 1_X, support the following DCI fields as Type 1A in DCI format 1_X:  
· Enhanced Type 3 codebook indicator
· Note: separate configuration for the DCI field presence could be considered per set of cells pdsch-HARQ-ACK-EnhType3DCI-FieldDCI1-X
· HARQ-ACK retransmission indicator
· Note: separate configuration for the DCI field presence could be considered per set of cells using pdsch-HARQ-ACK-RetxDCI-1-X
· PUCCH Cell indicator

· Proposal 3.3.1: The CSI request field in DCI format 0_X is of Type 1C and CSI request operation is applied to the first cell in the list of scheduled cells.

· Proposal 3.3.2: The beta_offset indicator in DCI format 0_X is 2bit and of Type 1A. 
· The beta_offset indicator is present in DCI format 0_X, if at least one of the cells within the set of cells is configured with betaOffsets as ‘dynamic’

· Proposal 3.3.3: The UL-SCH indicator field in DCI format 0_X is 1bit and of Type 1C and applies to the first cell in the list of scheduled cells only. For the remaining cells, UL-SCH presence is assumed (i.e. ‘1’). 

· Observation 3.3.4: RAN1 to minimize the online time for the UL/SUL indicator issues (as plenty of online time was spent already and plenty of more important issues still open). If no agreement can be reached in RAN1#112, the UL / SUL indicator is not to be included in DCI format 0_X.

· Proposal 3.3.5: The UL / SUL indicator field is of Type 1 C (0~1 bit). 

· Proposal 3.3.6: The SRS resource set indicator is included in DCI format 0_X as a Type 1A field of 1 bit allowing to select a single applicable SRS resource set (from the two SRS resource sets of ‘codebook/non-codebook’). 
· Note: If the field is not to be included in the DCI, clarifications on the feature combination will be needed (feature combination supported and/or which SRS resource set is applicable). 


The discussions on the related needed HARQ enhancements in Sec. 4 can be summarized in the following observations and proposals: 
· Proposal 4.1.1: dl-DataToUL-ACK is used for operation of DCI format 1_X. 

· Proposal 4.1.2: The reference PDSCH is the PDSCH of the first cell in the table row of the indicated co-scheduled cells. 

· Proposal 4.1.3: The PDSCH of the first cell in the table row of the indicated co-scheduled cells and/or its associated cell is used for the last DCI format determination (for PRI) and DAI counting. 

· Proposal 4.2.1: The Type 1 HARQ-ACK codebook construction is not enhanced / changed for the purpose of multi-cell PDSCH scheduling: 
· FFS: required additional restrictions 

· Proposal 4.2.2: If the UE is configured with Type 1 HARQ-ACK codebook, the UE is not expecting HARQ-ACK information of a PDSCH scheduled through multi-cell scheduled using DCI format 1_X that cannot be mapped to the Type 1 HARQ-ACK CB of a PUCCH. 

 
The discussions on the RRC configuration structure in Sec. 5 can be summarized in the following observations and proposals: 
· Observation 5.1: RAN1 needs to provide the RRC parameter list to RAN2 for the WI by the end of RAN1#112 to be able to close the WI in the March plenary from RAN1 perspective. 

· Proposal 5.2: The baseline multi-cell DCI configuration is to be done as part of the PhysicalCellGroupConfig configuration. 

· Proposal 5.3: Apply the following RRC configuration structure for the configuration of multi-cell DCI scheduling: 
	Within PhysicalCellGroupConfig:
MC-DCI-SetofCellsToAddModList-r16 SEQUENCE (SIZE(1..4)) OF MC-DCI-SetofCells OPTIONAL

MC-DCI-SetofCells ::= SEQUENCE {
ListofCells  SEQUENCE (SIZE(2..4)) OF ServCellIndex
... and other possible generic configurations for the set of cells such as scheduling cell (in case of more than one set of cells), n_CI, ...
dci-format-0-X          DCI-0-X              OPTIONAL
dci-format-1-X          DCI-1-X              OPTIONAL
}


DCI-0-X ::= SEQUENCE {
priorityIndicatorDCI-0-X       ENUMERATED {enabled}
... and other DCI format 0_X specific configuration similarly such as table for indication of co-scheduled cells, rgb size, ... 

pusch-TimeDomainAllocationListDCI-0-X ::= SEQUENCE (SIZE(1..256)) OF PUSCH-TimeDomainResourceAllocationDCI-0_X
PUSCH-TimeDomainResourceAllocationDCI-0_X ::= SEQUENCE (SIZE (2..4) of INTEGER (0... maxNrofUL-Allocations-r16 -1)
.... and other Type 1 B DCI field specific configurations similarly 

AntennaPorts_presence     ENUMERATED {common, cell-spec}
.... and for other Type 2 / Type 1A (i.e. common or cell-specific) DCI field configurations similarly
}



DCI-1-X ::= SEQUENCE {
priorityIndicatorDCI-1-X       ENUMERATED {enabled}
... and other DCI format 1_X specific configuration similarly, such as table for indication of co-scheduled cells,...

pdsch-TimeDomainAllocationListDCI-0-X ::= SEQUENCE (SIZE(1..256)) OF PDSCH-TimeDomainResourceAllocationDCI-0-X
PDSCH-TimeDomainResourceAllocationDCI-0-X ::= SEQUENCE (SIZE (2..4)) of INTEGER (0... maxNrofDL-Allocations-1)
.... and other Type 1 B DCI field specific configurations similarly

AntennaPorts_presence     ENUMERATED {common, cell-spec}
.... and for other Type 2 / Type 1A (i.e. common or cell-specific) DCI field configurations similarly
}
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