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[bookmark: _Hlk510705081]In this contribution, we discuss multi-cell PUSCH/PDSCH scheduling with a single DCI as part of the multi-carrier enhancements for NR WI based on the following justification ad 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 document used during RAN1#109-e with the final RAN1#109-e moderator summary being available in R1-2205488:
· In Section 2 we discuss based on the status after RAN1#109-e some general considerations as well as some needed early (urgent) decisions to be made in RAN1#110 in order to proceed on the other pending issues
· In Section 3, we discuss scenarios and basic framework (according to Sec. 2 of the RAN1#109-e moderator summary in R1-2205488)
· In Section 4, we discuss DCI format design issues (according to Sec. 3 of the RAN1#109-e moderator summary in R1-2205488)
· In Section 5, we discuss DCI field design (according to Sec. 4 of the RAN1#109-e moderator summary in R1-2205488)
· In Section 6, we discuss pending issues on HARQ CB construction (according to Sec. 5 of the RAN1#109-e moderator summary in R1-2205488)

Early needed decisions in RAN1#110
In this section we summarize some pending issues, that based on our view would need to be clarified as early as possible to enable us proceeding also on other issues.

New DCI format for multi-cell scheduling 
During the RAN1#109-e discussion, RAN1 made several agreements and working assumptions. 
One decision that we see very essential to agree early on is the question if new or existing DCI format is used for MC-DCI operation as it has an effect on several other decisions. At RAN1#109-e the following working assumption was taken: 
(Working assumption) DCI format 0_X/1_X is a new DCI format for multi-cell scheduling

As already noted in Sec. 3.1 of our input contribution to RAN1#109-e in R1-2203276, we see several benefits of having a new DCI format compared to extending existing DCI formats, including the ability to enable the combination of SC-DCI and MC-DCI scheduling for a scheduled cell. Furthermore, introducing a new DCI would improve the readability of TS 38.212 given the number of changes that are deemed necessary for the support of MC-DCI scheduling. Therefore, we suggest confirming the related working assumption early during RAN1#110 to be able to proceed with decisions on other issues affected by this open issue. 
Proposal 2.1: Confirm the following RAN1#109-e as early as possible during RAN1#110-e: 
	(Working assumption) DCI format 0_X/1_X is a new DCI format for multi-cell scheduling




Baseline scheduling possibilities
The latest moderator proposal from RAN1#109-e reads as: 
	Proposal 2-4 & 2-5rev2: 
· At least following is supported:
· For each scheduled cell, a UE monitors DCI format 0_X/1_X on at most one scheduling cell. 
· For a cell within a set of configured cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring DCI format 0_X/1_X and legacy DCI format(s) from a same scheduling cell. 
· FFS: whether DCI format 0_X/1_X and legacy DCI format(s) are monitored simultaneously 
· FFS: for which cell within the set of configured cells this is supported 
· FFS whether to support monitoring DCI format 0_X/1_X and legacy DCI format(s) from different scheduling cells for a cell within a set of configured cells which can be co-scheduled by a DCI format 0_X/1_X.



First of all, we are fine with the latest moderator proposal – and think that we should try to agree this in RAN1#110-e as early as possible to enable further design decisions (such as DCI size budget, CCE / BD limits) which may be impacted by this missing agreement. 
First, as noted in our input contribution to RAN1#109-e in R1-2203276 already, we think that there is no need to enable the scheduling using MC-DCI for a scheduled cell from more than one scheduling cell. This will just complicate the needed considerations in terms of CCE / BD / DCI size budget limitations unnecessarily and therefore should try to converge on this point without keeping other options open. Moreover, we don’t think that there is a need to enable the change of the scheduling cell using the MC-DCI from slot to slot, as proposed by some companies – as this will complicate the specification effort even more. Considering the limited time available for the WI, we therefore suggest to fix this issue already when trying to agree on the moderator proposal (with the FFS left for further discussions).  

Proposal 2.2: Adopt the latest moderator Proposal 2-4 & 2-5rev2 from RAN1#109-e, with the following proposed changes in red: 
	Proposal 2-4 & 2-5rev2: 
· At least following is supported:
· For each scheduled cell, a UE monitors DCI format 0_X/1_X on at most one scheduling cell. 
· For a cell within a set of configured cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring DCI format 0_X/1_X and legacy DCI format(s) from a same scheduling cell. 
· FFS: whether DCI format 0_X/1_X and legacy DCI format(s) are monitored simultaneously 
· FFS: for which cell within the set of configured cells this is supported 
· FFS whether to support monitoring DCI format 0_X/1_X and legacy DCI format(s) from different scheduling cells for a cell within a set of configured cells which can be co-scheduled by a DCI format 0_X/1_X.



The open FFS we discuss in Sec. 4.2 “Additional details on scheduling possibilities”. 

Scenarios and basic framework
Operation within a cell group 
At RAN1#109-e, the following agreement was reached
	Agreement
· All the co-scheduled cells by a DCI format 1_X and the scheduling cell are included in the same PUCCH group.
· FFS: All the co-scheduled cells by a DCI format 0_X and the scheduling cell are included in the same [cell or PUCCH group].



It is still open if the operation of DCI format 0_X is possible across different cell or PUCCH groups. 
The following can be noted here: 
· First, there will be the need to (RRC) configure the operation of DCI format 0_X not per UL serving cell but on a higher level such as per PUCCH group for DCI format 1_X. A similar configuration will be also required for DCI format 0_X and we think a configuration per PUCCH group (as for DCI format 1_X) will be easier to implement here and keeps the similarities of DCI format 0_X and 1_X operation. 
· The DAI operation in the UL grant refers to the DAI within a PUCCH group. We therefore think that having the configuration limited to a PUCCH group will simplify the operation & related specification down the road. 

We therefore propose: 
Proposal 3.1: To align the operation of DCI format 0_X and 1_X, all the co-scheduled cells by a DCI format 0_X and the scheduling cell are included in the same PUCCH group.

Scheduling PCell from SCell with DCI formats 0_X / 1_X
At RAN1#109-e, the following agreement was reached
	Agreement
· DCI format 0-X/1-X can be transmitted on PCell.
· DCI format 0-X/1-X can be transmitted on a SCell at least when the DCI format 0-X/1-X does not schedule PUSCH/PDSCH on PCell.
· FFS whether a DCI format 0-X/1-X can be transmitted on an SCell if the DCI format 0-X/1-X schedules PUSCH/PDSCH on PCell. 



On the pending FFS, whether PUSCH / PDSCH on PCell can be scheduled with multi-cell DCI from an SCell we think this should be supported. First, this is an extension of the related single-cell DCI scheduling operation introduced in Rel-17 and we think that the same arguments should apply here as well. Specifically, we see that sometimes the PCell’s PDCCH may be overloaded already and therefore think that multi-cell scheduling from SCell to PCell should be supported. The related timelines as specified in Rel-17 for cross-carrier scheduling of PCell from SCell can be directly applied here.
Proposal 3.2: DCI format 0-X/1-X can be transmitted on an SCell to schedule PUSCH/PDSCH on PCell.  

Scenario prioritization 
At RAN1#109-e, there had been discussions on some prioritization of applicable scenarios with the latest moderator proposal reading as: 
	Proposal 1-7rev1: 
· At least below cases 1-1 and 1-2 on SCS are prioritized:
· Case 1-1: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells including the scheduling cell and same SCS is used among all the co-scheduled cells including the scheduling cell.
· Case 1-2: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells not including the scheduling cell and same SCS is used among all the co-scheduled cells which may be same or different to the SCS of the scheduling cell.
· Case 1-3: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells including the scheduling cell and different SCS is used among the co-scheduled cells including the scheduling cell.
· Case 1-4: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells not including the scheduling cell and different SCS is used among the co-scheduled cells.

· At least below cases 2-1 and 2-2 on carrier type are prioritized:
· Case 2-1: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells including the scheduling cell and same carrier type (FDD or TDD, licensed or unlicensed, FR1 or FR2-1 or FR2-2) is used among all the co-scheduled cells including the scheduling cell.
· Case 2-2: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells not including the scheduling cell and same carrier type (FDD or TDD, licensed or unlicensed, FR1 or FR2-1 or FR2-2) is used among all the co-scheduled cells which may be same or different carrier type to the scheduling cell.
· Case 2-3: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells including the scheduling cell and different carrier type (FDD or TDD, licensed or unlicensed, FR1 or FR2-1 or FR2-2) is used among the co-scheduled cells including the scheduling cell.
· Case 2-4: A DCI format 0-X/1-X on a scheduling cell can schedules multiple cells not including the scheduling cell and different carrier type (FDD or TDD, licensed or unlicensed, FR1 or FR2-1 or FR2-2) is used among the co-scheduled cells
· Note: for Case 2-2, 2-3 and 2-4, using an unlicensed cell for scheduling a set of co-scheduled cells including licensed cell is not prioritized.




On the same operation with / without different SCS, we fully support the prioritization of the same SCS of the co-scheduled cells of cases 1-1 and 1-2. And we also agree, that trying to prioritize the same carrier type operation to take the limited time in the WI into account. We also think that some further prioritization could be done by not prioritizing unlicensed cell scheduling overall as this will clearly complicate the operation even further. Therefore, we suggest some additional down-prioritization for unlicensed cell operation overall also for case 2-1. 
So overall, we are fine with the intention of the moderator proposal but are suggesting some additional down-prioritization of unlicensed band operation.
Proposal 3.3.1: Adopt the following update to RAN1#109-e Proposal 1-7rev1, with changes in red: 
	Proposal 1-7rev1: 
· At least below cases 1-1 and 1-2 on SCS are prioritized:
· Case 1-1: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells including the scheduling cell and same SCS is used among all the co-scheduled cells including the scheduling cell.
· Case 1-2: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells not including the scheduling cell and same SCS is used among all the co-scheduled cells which may be same or different to the SCS of the scheduling cell.
· Case 1-3: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells including the scheduling cell and different SCS is used among the co-scheduled cells including the scheduling cell.
· Case 1-4: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells not including the scheduling cell and different SCS is used among the co-scheduled cells.

· At least below cases 2-1 and 2-2 on carrier type are prioritized:
· Case 2-1: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells including the scheduling cell and same carrier type (FDD or TDD, licensed or unlicensed, FR1 or FR2-1 or FR2-2) is used among all the co-scheduled cells including the scheduling cell.
· Case 2-2: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells not including the scheduling cell and same carrier type (FDD or TDD, licensed or unlicensed, FR1 or FR2-1 or FR2-2) is used among all the co-scheduled cells which may be same or different carrier type to the scheduling cell.
· Case 2-3: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells including the scheduling cell and different carrier type (FDD or TDD, licensed or unlicensed, FR1 or FR2-1 or FR2-2) is used among the co-scheduled cells including the scheduling cell.
· Case 2-4: A DCI format 0-X/1-X on a scheduling cell can schedules multiple cells not including the scheduling cell and different carrier type (FDD or TDD, licensed or unlicensed, FR1 or FR2-1 or FR2-2) is used among the co-scheduled cells
· Note: for Case 2-1, unlicensed cell operation is not prioritized 
· Note: for Case 2-2, 2-3 and 2-4, using an unlicensed cell for scheduling a set of co-scheduled cells including licensed cell is not prioritized.




In addition to prioritizing the same SCS and carrier types, we still think that intra-band operation could be regarded as a priority scenario for further optimization compared to inter-band operation. Focusing on intra-band operation, as discussed already in our earlier RAN1 contribution in Sec. 3.5 of R1-2203276, may allow for assuming commonalities in terms of MCS, antenna configuration & precoding as well as in terms of resource allocation (in terms of TDRA & PRB bundling, etc.). 
Therefore, we suggest to further prioritize intra-band over inter-band support for DCI formats 0_X and 1_X. 
Proposal 3.3.2: Highest priority scenario should be intra-band CA operation for multi-cell scheduling using DCI formats 0_X / 1_X with lower priority for over inter-band CA operation. 

We would further like to note here, that prioritizing the same SCS, intra-band and same carrier type operation should also be considered in the DCI field design (as discussed in Sec. 5). 
Observation 3.3.3: The prioritization of the same SCS, same carrier type and intra-band CA operation for DCI format 0_X/1_X operation should be also reflected in the DCI field design.  

[bookmark: _Int_XaIZKjNi]As discussed during RAN1#109-e already, there is only little time for the overall completion of this feature. We would clearly like to see the specification of both DCI format 0_X and 1_X in Rel-18, but in case there would be a need for further down-prioritization later on we think the focus could then be set on PDSCH scheduling using DCI format 1_X. The (absolute) PDCCH overhead savings from multi-cell PDSCH scheduling using DCI format 1_X are expected to be larger compared to the multi-cell PUSCH scheduling using DCI format 0_X, as (i) the probability of DL CA is clearly higher than for UL CA and (ii) the usual traffic imbalance for UL & DL. So therefore, specific optimizations for DCI format 1_X may be also more useful than optimizations for DCI format 0_X operation. 
We don’t think an agreement will be needed in RAN1 on this point but would just to note this here. 
Observation 3.3.4: Specific optimizations for DCI format 1_X operation could be prioritized over optimizations for DCI format 0_X operation, as the DL control resource saving of multi-cell scheduling for PDSCH using DCI format 1_X is clearly higher compared to multi-cell PUSCH scheduling using DCI format 0_X.     

DCI format design
Maximum number of cells scheduled by a single DCI 
There had been good discussions on this topic and the following agreement could be reached: 
	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.



There is still the open issue on the single value of the maximum number of co-scheduled cells by MC-DCI. Overall, we think that having too many cells schedulable by a single DCI will just increase the DCI size unnecessarily, as the probability of scheduling at the same time a very large number of cells will likely get smaller when the number of cells increases, while the achievable relative reduction in PDCCH loading compared to single-cell scheduling DCIs gets also smaller. Note that we also have a restriction on the maximum DCI payload size based on the polar code interleaver design for DL control information of 140 information bits excluding CRC. So from this perspective, we think that a reasonable absolute maximum of schedulable cells should be either 4 or 8. But considering the rather small probability of (a) needing to schedule more than 4 cells at the same time and (b) having the ability to support more than one scheduling DCI transmitted to scheduled up to 4 cells, we think that limiting this to a maximum of 4 cells seems to be a reasonable assumption. Note that for FR2 deployments where a UE can be configured with up to 8 schedulable cells, since the DCI payload size for 8 cells could be excessive, later in the document we discuss and propose to allow the configuration of at least 2 multi-cell DCIs within a single PUCCH cell group.
Proposal 4.1.1: The maximum number of co-scheduled cells by a DCI format 0_X and DCI format 1_X in Rel-18 is 4. 
There had been also discussions related to agreement that 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. Clearly there could be some potential UE capability on the maximum supported number by the UE, that would limit the number of co-scheduled cells. But in addition, there may be additional restrictions that the gNB may need to consider here. 
But having the maximum number of cells (from specification perspective or UE capability) that can be scheduled limited to e.g. 4 cells, does not mean that for each operation up to 4 cells should be schedulable or the UE is having CA with 4 cells configured in the first place. As discussed above, the probability for such large number of cells will be rather small and at the same time the DCI size would still be large. Therefore, we think the actual maximum number of schedulable cells should be left to the gNB and therefore, some type of RRC configuration on the maximum number of schedulable cells should be supported. Such RRC configuration could be done e.g. through an RRC configured table used to indicate the co-scheduled cells. This allows the gNB to flexibly configure the maximum number of co-scheduled cells within the UEs capability for different CA scenarios discussed in Section 3.3.
Proposal 4.1.2: To limit the DCI size, the maximum number of co-scheduled cells by a DCI format 0_X / 1_X should be based on RRC configuration (i.e. from the set of {2,3,4}). 


Additional details on scheduling possibilities 
We discussed the baseline scheduling possibilities in Sec. 2.2, suggesting the following to be agreed in Proposal 2.2: 
	Proposal 2-4 & 2-5rev2: 
· At least following is supported:
· For each scheduled cell, a UE monitors DCI format 0_X/1_X on at most one scheduling cell. 
· For a cell within a set of configured cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring DCI format 0_X/1_X and legacy DCI format(s) from a same scheduling cell. 
· FFS: whether DCI format 0_X/1_X and legacy DCI format(s) are monitored simultaneously 
· FFS: for which cell within the set of configured cells this is supported 
· FFS whether to support monitoring DCI format 0_X/1_X and legacy DCI format(s) from different scheduling cells for a cell within a set of configured cells which can be co-scheduled by a DCI format 0_X/1_X.



Therefore, we discuss the remaining related FFSs here to preferably sort them out still during RAN1#110.
On the simultaneous monitoring of the MC-DCI and legacy DCI formats, we don’t see any reason to apply any restrictions here. Please note, that some simultaneous monitoring will be even required if considering some CA setup, where the UE is configured with DL CA but not with UL CA. There, it will be at least needed that the UE ‘simultaneously’ monitors for the 1_X for MC-DCI scheduling for PDSCH combined with legacy DCI format scheduling for the single UL serving cell. But also for other cases (more generically), we don’t really see a need for such restrictions. Similarly, we don’t see any reason to restrict the cell(s) for which the monitoring for 0_X/1_X and legacy DCI format(s). 
Proposal 4.2.1: Simultaneous monitoring for DCI format 0_X/1X and legacy DCI format(s) from a same scheduling cell is supported for all cells that can be co-scheduled.

On the FFS if for a scheduled cell, 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. Figure 2 represents the case where single-cell-scheduling DCIs are monitored on a different cell through cross-carrier scheduling as the multi-cell scheduling DCI.

[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

[bookmark: _Ref100741692][bookmark: _Ref100742907][bookmark: _Hlk100749315][image: ]
Figure 2: Single-cell-scheduling DCIs are monitored in a different serving cell through 
cross-carrier scheduling as the multi-cell-scheduling DCI 

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, 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 at least supported. At the same time, we do not really see the need to support the combination of ‘cross-carrier’ multi-cell DCI scheduling from one scheduling cell and single-cell DCI cross-carrier scheduling from another serving cell based on Figure 2. 
Proposal 4.2.2: Support (simultaneous) monitoring DCI format 0_X/1_X and legacy DCI format(s) from different scheduling cells for a cell within a set of configured cells which can be co-scheduled by a DCI format 0_X/1_X (at least) for the case of the legacy DCI format(s) self-scheduling.   


DCI size considerations (incl. ‘two-segment’ or ‘two-stage’ DCI)
During RAN1#109-e there had also been discussions on the operation of DCI format 0_X and 1_X in relation to the maximum payload size of the DCI, as the polar code only supports up to 140bits payload size. The latest related moderator proposal reads as: 
	Proposal 2-9:
· Single-stage DCI format is supported for multi-cell PDSCH or PUSCH scheduling.



Some companies had proposed some ‘two-stage’ DCI solutions, where the multi-cell scheduling content is split in two stages and the two stages are to be transmitted on different (potentially linked or indicated) PDCCH candidates – and even piggy-backing the additional scheduling information on one of the scheduled PDSCHs had been proposed here. 
As already commented during RAN1#109-e, we don’t think such operation is advisable as:
· For some operation, this requires ‘linked’ PDCCH candidates which will increase the PDCCH blocking. 
· As the UE may only need to monitor for the second stage after having successfully decoded the first stage, this may lead to additional delays and potentially needed new timeline definitions (especially if the 2nd stage information is to be carried on a scheduled PDSCH) 
· This may require some substantial changes to the UE DL control information decoding architecture.
· Requiring more than one PDCCH candidate for the transmission of the UL or DL scheduling information increases the DL control overhead (compared to single-stage DCI solutions) reducing the benefits of multi-cell DCI scheduling.
· This will clearly increase the needed effort to specify this feature (and there is only limited time available for completion of this feature) 


There had further been discussions, if there could still be a DCI transmitted on a PDCCH candidate (so still a single-stage DCI), but the DL control information could be split in more than one polar coded block and then mapped to the PDCCH candidate to enable larger sizes than 140 bits for DCI formats 0_X and 1_X. Such operation is already applied for UL control information, but some additional aspects need to be considered when applying this for DL control information: 
· There will be a need to re-define the DL control information interleaving when having the DCI format mapped to more than one segment / polar-coded block on a single PDCCH candidate. 
· As the UE would need to correctly decode both segments / codeblocks to obtain the scheduling information, the probability of not correctly decoding DCI format 0_X / 1_X is clearly increased impacting the performance. 
· [bookmark: _Int_1TH41pIt]When applying this, RAN1 would need to discuss on how a ‘two-segment’ DCI is to be counted in terms of number of UE blind decodes, as the UE would need to decode two instead of one polar coded block for each of the PDCCH candidates for DCI formats 0_X / 1_X. 

Therefore, we suggest staying with a single coded block of up to 140bits. This clearly will limit for some scenarios the maximum number of cells than can be scheduled, but there is always the option to configure more than one ‘sub-group’ of cells with multi-cell DCI scheduling. For example for the FR2 intra-band case where 8 CCs need to be scheduled,  considering the proposed limitation of scheduling a maximum of 4 co-scheduled cells, two cell sub-groups could be configured with multi-cell DCI scheduling within the same PUCCH cell group. So this should be supported as shown in Figure 3 below, where the UE monitors for a multi-cell DCI for a first subgroup of cells on PCell and for a second multi-cell DCI for a second subgroup of cells on SCell K within a single PUCCH cell group. 

[image: ]
Figure 3: Operation of more than one multi-cell DCI within one PUCCH cell group

To summarize the related discussions above the following is proposed: 

Proposal 4.3.1: Adopt RAN1#109-e Proposal 2-9, i.e. Single-stage DCI format is supported for multi-cell PDSCH or PUSCH scheduling.

Proposal 4.3.2: The maximum DCI size for DCI formats 0_X / 1_X is given by the maximum supported payload size of a single polar codeblock of 140 bits (excl. CRC) 
Proposal 4.3.3: Support the monitoring for more than one multi-cell DCI 0_X / 1_X (at least on different scheduling cells) within a PUCCH group, where each of the DCI formats 0_X / 1_X can schedule a different (non-overlapping) subgroup of cells within a PUCCH group.

The next question that is still open is then 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 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 4.3.4: The DCI size for DCI formats 0_X / 1_X is RRC configured. 

DCI size budget
During RAN1#109-e, the following agreement for further down-selection could be reached: 
	Agreement
Further study DCI size budget including below options for multi-cell scheduling DCI: 
· Option 1: Existing DCI size budget is maintained per scheduled cell.
· Alt 1-1: DCI size budget is maintained via DCI size alignment and DCI size budget of DCI format 0_X/1_X is counted for each of the co-scheduled cells.
· Alt 1-2: DCI size budget is maintained via configured size for multi-cell scheduling DCI and DCI size budget of DCI format 0_X/1_X is counted for each of the co-scheduled cells.
· Alt 1-3: DCI size budget is maintained via DCI size alignment and DCI size budget of multi-cell scheduling DCI is counted only in one scheduled cell.
· Option 2: Existing DCI size budget is not necessarily maintained per scheduled cell. 
· Alt 2-1: DCI size budget of multi-cell scheduling DCI is counted only in one scheduled cell.
· Alt 2-2: DCI size budget of multi-cell scheduling DCI is not counted per serving cell and not considered in the related serving cell specific DCI size alignment procedure, e.g., for K co-scheduled cells, gNB guarantee the total budget of 3*K DCI sizes is not exceeded.
· Alt 2-3: voiding the “3+1” limit for multi-cell scheduling
· Alt 2-4: the DCI size budget for DCI size alignment can be separately configured for each cell
· Alt 2-5: DCI size budget of the scheduling cell can be increased to account for the DCI format for multi-cell scheduling. Accordingly, the DCI size budget of a scheduled cell can be reduced.
· Other options/alternatives could be considered.



Looking at the RAN1#109-e agreement, there is a mix of (i) how the DCI size budget is counted (per cell, one co-scheduled cell, across co-scheduled cells), (ii) what mechanisms are used to maintain the DCI size budget (DCI size alignment vs. configured DCI sizes for 0_X/1_X) and (iii) what the DCI size budget with the introduction of 0_X/1_X should (keep the 3+1 or increasing the DCI size budget). 
Moreover, all these discussions here are very much pending the decision if the UE would monitor for a co-scheduled cell using 0_X/1_X also monitor for legacy DCI format(s) or not. If we don’t support the combination of single-cell & multi-cell scheduling for a scheduled cell, there is no need to go into the details in here as otherwise only a maximum of 2 DCI sizes (of DCI formats 0_X/1_X) would need to be considered. 
Therefore, we think we need some structured, separate discussions (and agreements) on this issue. First, clearly the support of SC-DCI & MC-DCI for a scheduled cell (discussed in Sec. 2.2) would need to be agreed. Then we think we should first decide if are able to increase the DCI size budget for all the cells (of Alt. 2.3) or if the “3+1” should be maintained at least counted across co-scheduled cells. Further / next, we would need to discuss & agree how the DCI size budget is counted (per cell, one co-scheduled cell, across co-scheduled cells) in case we don’t increase the DCI size budget for all scheduled cells. And we see the issue of how to maintain the DCI size budget (e.g. using DCI size alignment or configured DCI size for 0_X / 1_X) as the last thing that would need to be clarified. 
Proposal 4.4.1: The DCI size budget discussion could be structured in the following logical steps: 
1. Clarify, if the UE monitors for 0_X / 1_X and legacy DCI format(s) for a co-scheduled cell 
2. If supported, clarify if the DCI size budget can be increased for all co-scheduled cells from “3+1” or not. 
3. Clarify the counting of the DCI size for scheduled cells (per scheduled cell, only for one scheduled cell, only for the scheduling cell, across co-scheduled cells, …)
4. Having the clarifications of 1. to 3. in place, check if some DCI size alignment is required and how the DCI size alignment could be implemented. 

The 1st step is discussed by us in Sec. 2.2 and 4.2 already – i.e. we think that UE monitoring for 0_X / 1_X and legacy DCI format(s) for a co-scheduled cell should be supported. 
Next on the question if we can increase the DCI size budget per cell overall (as suggested by Alt. 2.3), although from gNB perspective this would be clearly preferable this may introduce some unnecessary, additional requirements on the UE side that may later on limit the feature introduction to chipsets. Clearly, there is no need to increase the DCI size budget for all the cells, as the DCI format would only need to be monitored once for the group of co-scheduled cells. Looking at previous discussions e.g. when introducing DCI formats 0_2 / 1_2 for URLLC in Rel-16, the chances of having this agreed seem to be rather slim. Therefore, we think the group should try to clarify this issue rather soon.
Proposal 4.4.2: Increasing the DCI size budget for all co-scheduled cells of multi-cell scheduling from “3+1” (i.e. Alt. 2-3) is not supported. 

On the counting of the DCI sizes for the co-scheduled cells in the 3rd step, the DCI size of DCI formats 0_X/1_X should not be counted for each of the (potentially) co-scheduled cell, as the UE would also not need to decode the DCI for each of the (potentially) co-scheduled separately. Therefore, we don’t think that Alt. 1-1 or Alt. 1-2 should be supported. 
Looking at the remaining options, as we already discussed in our input contribution to RAN1#109-e, our first preference here would be Alt. 2-2, where for K co-scheduled cells, gNB guarantee the total budget of 3*K DCI sizes is not exceeded. We only would need to impose an additional restriction that the gNB would guarantee that across the K serving cells the total DCI size budget of 3*K DCI sizes is not exceeded, namely  where, SC_DCI_sizes(k) is the number of single cell DCI sizes for the k-th serving cell and MC_DCI_sizes is the number of DCI sizes (1 or 2) of the DCI formats 0_X and 1_X of the group of K serving cells. With such kind of operation, (i) the current UE processing requirements in terms of total number of DCI sizes would not be exceeded, (ii) there would be no need to discuss or specify a nominal DCI size increase per serving cell from 3 to e.g. 4 and (iii) maybe most importantly, there would be no need to change the DCI size alignment procedures and the related handling with the introduction of the multi-cell scheduling DCI.
If one does not consider the DCI size alignment for the moment, it seems that there are some similarities between the proposed Alternatives Alt. 1-3, 2-1 and 2-5. For Alt. 1-3 & 2-1, there is the question on how to define for which co-scheduled cell the DCI size is counted and for that scheduled cell the ‘3+1’ budget needs to be maintained. We see this very much equivalent to Alt. 2-5, where the DCI size is counted to the scheduling cell but correspondingly the DCI size budget of another scheduled cell is reduced – so why not directly using Alt. 1-3 / 2-1 definition here and counting it only for one specific scheduled cell (if the cell does not need to be the scheduling cell). Clearly, from operation perspective the best alternative would be to select the cell with the smallest number of DCI sizes from the set of co-scheduled cells. But this again would need to be captured in the specifications (and gNB / UE to search for it). The simpler option here would be to configure for which cell (from the set of co-scheduled cells) the DCI size budget is counted as this will lead to least ambiguity (especially if more than one cell having the same number of legacy DCI sizes). Moreover, further thinking of the BD / CCE budget discussed in the next sub-section, the same approach (and potentially the same configured cell for the BD / CCE counting) could be used.  
Looking at Alt. 2-4, it seems that the intention here would be to only count the MC-DCI size for one of the scheduled cells and maintain the overall DCI size budget across the set of co-scheduled cells. In this respect, we see the intention to be very similar to Alt. 2-2, but having the additional complications of RRC configuring the DCI size budget for each of the co-scheduled cells (as the configuration to our understanding would again need to guarantee that ). 
Based on the discussions on the way to count the DCI sizes for the co-scheduled cells with DCI formats 0_X and 1_X we propose the following: 

Proposal 4.4.3: For DCI size budget counting for DCI formats 0_X and 1_X, adopt either: 
· Alt. 2-2, where for K co-scheduled cells, gNB to guarantee the total budget of 3*K DCI sizes is not exceeded across the K cells (1st preference), or 
· DCI size budget of multi-cell scheduling DCI is counted only in one co-scheduled reference cell where the reference cell is configured by RRC
· FFS on needed DCI size alignment for the reference cell
· Note: Based on our understanding this is in the spirit of Alt. 1-3, 2-1 and 2-5. 


Finally, we think that the DCI size alignment procedure should be discussed later on separately when having steps 1 to 3 clarified. As noted in the previous section 4.3, we think the DCI size alignment may not be needed by using some configured DCI size for 0_X & 1_X and leave this to gNB.

BD / CCE budget 

During RAN1#109-e, the following agreement for further down-selection could be reached: 
	Agreement
Further study BD/CCE counting for multi-cell scheduling DCI based on below options: 
· Alt 1: counted on each co-scheduled cell 
· Alt 2: counted only in one scheduled cell
· Alt 3: scaled down to each of co-scheduled cell according to the number of co-scheduled cells
· Alt 4: counted as part of the scheduling cell instead of each scheduled cell
· Alt 5: scaled down to each of scheduled cells excluding scheduling cell
· Alt 6: counted on each co-scheduled cell excluding scheduling cell
· Other alternatives could be considered.



The question on how to count the BDs / CCEs is rather similar than the counting of the DCI size in the previous section. So we therefore think some similar considerations apply here: 
· The full amount should clearly not be counted for each of the co-scheduled cells (of Alt. 1 / Alt. 6)
· Counting this as part of the scheduling cell (of Alt. 4), similarly as for the DCI size budget, will result in severe limitations especially in case PCell scheduled from SCell is not supported. 
· So in this respect, we prefer some type of distribution of the numbers across the cells (Alt. 3 / Alt. 5) or have the related counting for one of the scheduled cells of Alt. 2 (which potentially could be RRC configured). 
· Between Alt. 3 and Alt. 5, we think it should be the full number of potentially co-scheduled cells (incl. the scheduling cell) of Alt. 3 as especially for MC-DCI scheduling for e.g. only up to 2 cells this would again lead to limitations on one of the cells. 
· Note: As the number of co-scheduled cells as well as the exact cells that are scheduled is only known after the DCI decoding, the BDs / CCEs should be counted for all the cells that can be potentially scheduled by the DCI scaled down by the total number of cells (based on RRC configuration) that can be scheduled by the DCI. 
· In addition to the Alt 1 to Alt. 6 from the agreement, we think that some similar operation across the serving cells as for the DCI size budget according to Alt. 2-2 there could be used. In contrast to the scaling, this basically considers the cells jointly preventing non-integer numbers in terms of CCEs of BDs to be considered. 
· We denote this here with new alternative Alt. 7: counted across the K co-scheduled cells, with the limit to be not exceeded across the scheduled cells, e.g. for the BD limit . 

Based on the discussions on the way to count the CCE / BDs for the co-scheduled cells with DCI formats 0_X and 1_X we propose the following: 

Proposal 4.5: For BD / CCE budget counting for DCI formats 0_X and 1_X, adopt either: 
· Alt-3 (1st preference, changes in red): scaled down to each of the potentially co-scheduled cells according to the number of co-scheduled cells configured for multi-cell scheduling by the DCI, or 
· New Alt. 7 (2nd preference): counted across the potentially K co-scheduled cells, with the limit to be not exceeded across the scheduled cells, e.g. for the BD limit  , or 
· Alt. 2 (3rd preference, changes in red): counted only in one scheduled reference cell, where the reference cell is configured by RRC


DCI field design
Indication of scheduled cells 
During RAN1#109-e, the following agreement for further down-selection could be reached: 
	Agreement
For multi-cell scheduling, the co-scheduled cells are indicated by DCI format 0_X/1_X. At least the following options are considered:
· Option 1: An indicator in the DCI points to one row of a table defining combinations of scheduled cells. 
· The table is configured by RRC signaling.
· FFS: Separate tables can be configured for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling.
· Option 2: An indicator in the DCI is a bitmap corresponding to a set of configured cells that can be scheduled by the DCI 0_X/1_X 
· FFS: Separate sets of configured cells for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling.
· Option 3: using existing field (e.g., CIF, FDRA) to indicate whether one or more cells are scheduled or not
· Other options are not precluded.
· Note: It does not preclude other DCI information fields (e.g., BWP) to be jointly indicated by the indicator of the co-scheduled cells. 



As already discussed in our input earlier RAN1 contribution, we support Option 1. There the gNB configures a table of scheduled cells, where each table entry / row defines the scheduled cell(s) and the DCI indicates which table entry / row to define the scheduled cells.
· An example list or table could look like this:
	Multi-cell scheduling combination
	Scheduled cells

	0
	Cell A, Cell B

	1
	Cell A, Cell C, Cell D

	2
	Cell B, Cell C

	…
	

	L-1
	Cell C, Cell F, Cell G


· This could lead to a smaller DCI overhead compared to Option 2, 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.
· Option 3 is not fully clear to us, as if we are introducing a new DCI format there is no need to use some existing field for the indication (specifically the CIF field) and re-using some other fields will again complicate the specification effort and may increase the DCI size (e.g. when using the FDRA field, this would mean that e.g. always all the fields of up to 4 cells are there which potentially could not fit within the 140bits)

And clearly, as the UL-CA and DL-CA operation may not be the same (most probably more DL serving cells compared to UL serving cells) we think that separate configuration of tables for DCI format 0_X and 1_X will be needed. 

Proposal 5.1: For indication of the scheduled cells in DCI formats 0_X / 1_X adopt Option 1, i.e. an indicator in the DCI points to one row of a table defining combinations of scheduled cells.. 
· The table of scheduled cell(s) to be scheduled is RRC configured for the UE. 
· Support separate table configurations for the multi-cell scheduling DCI 0_X and 1_X. 

Using R15 configurations, DCI format 0_2/1_2 or new DCI format 0_X/1_X configurations?
At RAN1#109-e, we have agreed on different DCI field types based on the following agreement: 
	Agreement
For design of multi-cell scheduling DCI, companies are encouraged to consider following types of DCI fields: 
· Type-1 field: A single field indicating common information to all the co-scheduled cells or separate information to each of co-scheduled cells via joint indication or an information to only one of co-scheduled cells
· Type-2 field: Separate field for each of the co-scheduled cells, or each sub-group comprising one or more co-scheduled cells where a single field is commonly applied to the co-scheduled cells belonging to a same sub-group
· Type-3 field: Common or separate to each of the co-scheduled cells or to each sub-group.
· FFS: whether it is dependent on explicit configuration or implicit condition (e.g., intra or inter band CA, FR1 or FR2).
· Other types are not precluded.



One generic question that may need to be answered before trying to associate 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. 
Clearly, we could apply the (R15) 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 again to 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 5.2.1: 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. 
In regard to the FFS for the Type 3 field, it should be noted that are many scenarios where whether a field is Type 2 or Type 3 would be dependent on the deployment scenario and configuration of the scheduling cells. As an example , in an intra-band scenario where the scheduling cells have the same bandwidths, it should be up to the scheduling cells to decide whether there are any benefits in e.g. aligning Frequency Domain Resource Assignment (FDRA) to favour reduced DCI payload and enhanced PDCCH decoding. This could be achieved via explicit configuration for the interpretation of the fields. Note that a mix of explicit configuration for some fields and implicit for others would hinder some flexibility and lead to unwarranted complexities.
Proposal 5.2.2: Type-3 field which can be common or separate to each of the co-scheduled cells or to each sub-group is explicitly configured via RRC.
	
DCI fields (and their type) for DCI format 1_X
This section provides our views on features and fields that should be supported via the DCI format 1_X
As it can be observed from the table below support for the following features is currently deemed as not necessary :
· Shared spectrum channel scheduling (NR-U)
· Multi-TRP
· CBG based PDSCH transmission

Proposal 5.3.1: Shared spectrum access, CBG based PDSCH operation and Multi-TRP scheduling features are not supported for multi-cell scheduling using DCI 1_X.
It should be noted that interpretation of some of the fields of the multi cell scheduling format may need further clarification, when re-using field names from DCI format 1_1. For these cases some comments are provided in the table below. 
Proposal 5.3.2: Adopt the following DCI field types for DCI format 1_X assuming also monitoring for single cell DCI is supported: 
	DCI FIELDS OF FORMAT 1_X
	FIELD TYPE 
	COMMENTS

	Identifier for DCI formats
	Type 1
	

	Carrier indicator
	Type 1
	The assumption is this field would Points to Code point in a RRC configured table (see proposal 5.1)

	Bandwidth part indicator
	Type 1
	This field could also be omitted if it is assumed that the multi cell scheduling is always scheduling the active BWP of the co-scheduled cells. 

	Frequency domain resource assignment
	Type 3
	 

	Time domain resource assignment
	Type 3
	 

	VRB-to-PRB mapping
	Type 3
	 

	PRB bundling size indicator
	Type 3
	 

	Rate matching indicator
	Type 3
	 

	ZP CSI-RS trigger
	Type 2
	Separate field since 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.

	TB1: Modulation and coding scheme
	Type 3
	Common could be useful e.g. for intra-band operation, whereas for inter-band operation clearly separate DCI field would be needed.  

	TB1: New data indicator
	Type 2
	 

	TB1: Redundancy version
	Type 2
	 

	TB2: Modulation and coding scheme
	Type 2
	 

	TB2: New data indicator
	Type 2
	 

	TB2: Redundancy version
	Type 2
	 

	HARQ process number
	Type 2
	 

	Downlink assignment index
	Type 1
	 

	TPC command for scheduled PUCCH
	Type 1
	

	PUCCH resource indicator
	Type 1
	 

	K1 timing indicator
	Type 1
	 

	One shot HARQ ACK request
	Type 1
	 

	Enhanced Type 3 codebook indicator 
	Type 1
	 

	HARQ-ACK retransmission indicator 
	Type 1
	 

	Antenna port(s)
	Type 3
	 

	Transmission configuration indication
	Type 3
	 

	SRS request
	Type 3
	 

	DMRS sequence initialization
	Type 2
	 

	Priority indicator 
	Type 1
	 

	PDCCH monitoring adaptation indication 
	Type 1
	 

	PUCCH Cell indicator 
	Type 1 
	





DCI fields (and their type) for DCI format 0_X
This section provides our views on features and fields that should be supported via the DCI format 0_X. 
As it can be observed from the table below support for the following features is currently deemed as not necessary :
· SUL
· Multi-TRP
· Shared spectrum channel scheduling (NR-U)
· Sidelink

Proposal 5.4.1: Multi-TRP, shared spectrum channel, sidelink and SUL scheduling features are not supported for multi-cell scheduling using DCI 0_X.

It should be noted that interpretation of some of the fields of the multi cell scheduling format may need further clarification, when re-using field names from DCI format 0_1. For these cases some comments are provided in the table below. 
Proposal 5.4.2: Adopt the following DCI field types for DCI format 0_X assuming also monitoring for single cell DCI is supported: 
	DCI FIELDS OF FORMAT 0_X
	FIELD TYPE 
	COMMENTS

	Identifier for DCI formats
	Type 1
	

	Carrier indicator
	Type 1
	The assumption is this field would Points to Code point in a RRC configured table (see proposal 5.1)

	Frequency domain resource assignment
	Type 3
	 

	Time domain resource assignment
	Type 3
	 

	Frequency hopping flag
	Type 3
	 

	Modulation and coding scheme
	Type 3
	Common could be useful e.g. for intra-band operation, whereas for inter-band operation clearly separate DCI field would be needed.  

	New data indicator
	Type 2
	 

	Redundancy version
	Type 2
	 

	HARQ process number
	Type 2
	 

	Downlink assignment index
	Type 1
	Assumption here would be, that only a single HARQ-ACK codebook is to be multiplexed on the set of scheduled PUSCHs. 

	TPC command for scheduled PUSCH
	Type 1
	Interpretation is that this TPC command is applicable to the UL of the scheduling cell only. If the scheduling cell cannot be scheduled by the multi-cell DCI, the TPC field is not present. 

	SRS resource indicator
	Type 1
	Interpretation is that the SRI is applicable to the UL of the scheduling cell only

	Precoding information and number of layers
	Type 3
	Common (e.g. for intra-band UL CA) or cell specific depending on the scenario. 

	Antenna ports
	Type 3
	Common (e.g. for intra-band UL CA) or cell specific depending on the scenario.

	SRS request
	Type 1
	

	SRS offset indicator
	Type 1
	 

	CSI request
	Type 1
	Interpretation is that the CSI request is applicable to PUSCH of the first scheduled cell 

	PTRS-DMRS association
	Type 3
	 

	beta_offset indicator
	Type 1
	

	DMRS sequence initialization
	Type 1
	

	Open-loop power control parameter set indication
	Type 1
	To be aligned with PHY priority indicator definition (same PHY priority, same OL TPC parameter sets).

	Priority indicator
	Type 1
	

	Invalid symbol pattern indicator
	Type 1
	

	PDCCH monitoring adaptation indication
	Type 1
	




HARQ enhancements
HARQ-ACK timing with DCI format 1_X scheduling
During RAN1#109-e, there had been discussions on the definition of the HARQ-ACK timing (i.e. which PUCCH slot is used for HARQ-ACK reporting) with the latest available moderator proposal reading as: 
	Proposal 4-1rev4:
· If a UE is NOT provided subslotLengthForPUCCH, when the UE detects a DCI format 1_X scheduling a set of co-scheduled PDSCHs, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot , where  is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format and  is the last UL slot that overlaps with the DL slot  for the reference PDSCH reception.
· FFS details of reference PDSCH
· FFS: PUCCH sub-slot determination if the UE is provided subslotLengthForPUCCH
· Note: Companies are encouraged to investigate the possibility of reusing same reference PDSCH and/or its associated cell for last DCI format determination and DAI counting



We are in general supportive of the direction of this proposal but think some further clarifications will be needed. 
The proposal above assumes, that the HARQ-ACK is to be transmitted on the same PUCCH. Therefore, we first would need to agree that the R16 PHY priority indication of the PUCCH carrying the HARQ-ACK (i.e. the ‘HARQ priority’) is to be the same for all the scheduled PDSCHs. Therefore, the PHY priority indication in DCI format 1_X should indicate the PHY priority of the HARQ-ACK information of all the scheduled PDSCHs. 
Proposal 6.1.1: The Priority indicator in DCI format 1_X defines the PHY priority of the HARQ-ACK information of all the scheduled PDSCHs / cells. 
Next looking at the moderator proposal, this only covers the case of slot-based PUCCH operation with the operation of sub-slot based PUCCH configuration to be still open. We would hereby like to draw the attention of companies to the following part in 38.213 that defines slot n for both the sub-slot based PUCCH configuration as well as slot-based PUCCH configuration. The following is noted in 38.213 Sec. 9.2.3: 
	[bookmark: _Ref500241945][bookmark: _Toc12021478][bookmark: _Toc20311590][bookmark: _Toc26719415][bookmark: _Toc29894850][bookmark: _Toc29899149][bookmark: _Toc29899567][bookmark: _Toc29917304][bookmark: _Toc36498178][bookmark: _Toc45699204][bookmark: _Toc99993823]9.2.3	UE procedure for reporting HARQ-ACK
…
If the UE is provided subslotLengthForPUCCH,  is the last UL slot for PUCCH transmission that overlaps with a PDSCH reception or with a PDCCH reception providing a DCI format having associated HARQ-ACK information without scheduling a PDSCH reception; otherwise,  is the last UL slot for PUCCH transmission that overlaps with the DL slot  for the PDSCH reception or with the DL slot for the PDCCH reception in case of a DCI format that triggers a HARQ-ACK information report and does not schedule a PDSCH reception.
For a SPS PDSCH reception ending in DL slot , the UE transmits the PUCCH in UL slot  where  is provided by the PDSCH-to-HARQ_feedback timing indicator field, if present, in a DCI format activating the SPS PDSCH reception. 
If the UE detects a DCI format that does not include a PDSCH-to-HARQ_feedback timing indicator field and schedules a PDSCH reception or activates a SPS PDSCH reception ending in DL slot , the UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot  where  is provided by dl-DataToUL-ACK, or dl-DataToUL-ACK-r16, or dl-DataToUL-ACK-DCI-1-2, or dl-DataToUL-ACK-r17, or dl-DataToUL-ACK-MulticastDciFormat4_1.
[bookmark: _Hlk39321600]If the UE detects a DCI format scheduling a number of PDSCH receptions ending in DL slot  or if the UE detects a DCI format generating a HARQ-ACK information bit and does not schedule a PDSCH reception through a PDCCH reception ending in DL slot , the UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot , where  is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, if present, or provided by dl-DataToUL-ACK, dl-DataToUL-ACK-r16, or dl-DataToUL-ACK-DCI-1-2, or dl-DataToUL-ACK-r17, or dl-DataToUL-ACK-MulticastDciFormat4_1. 



As can be seen from the current specification, the HARQ-ACK timing is in detail defined with respect to the definition of ‘slot n’ (in red color) which is different for sub-slot based PUCCH configuration (in the yellow part) and for slot-based PUCCH configuration (the blue part). So only the definition of slot n needs to be slot or sub-slot based PUCCH specific, but in the green part only the PDSCH-to-HARQ_feedback timing indicator field is affecting the definition of k here. 
[bookmark: _Hlk106200372]We think that we could use a similar formulation in overall agreement trying to capture sub-slot and slot-based PUCCH configuration. For this, in the red parts of the current specifications we just need to use the ‘reference PDSCH’ instead of ‘PDSCH’ here. In addition, we think that it needs to discussed which configured PDSCH-to-HARQ table of the cell of the reference PDSCH is to be used – the one applicable for DCI format 1_1 (i.e. dl-DataToUL-ACK), the one for DCI format 1_2 (i.e. dl-DataToUL-ACK-DCI-1-2) or if a separate table new configurable table (i.e. dl-DataToUL-ACK-DCI-1-X) is to be used. 
Therefore, we think the following should be agreed here trying to capture the essence of RAN1#109-e Proposal 4-1rev4 here: 
Proposal 6.1.2: Adopt the following update to RAN1#109-e Proposal 4-1rev4, with changes in red: 
	Proposal 4-1rev4:
· If a UE is NOT provided subslotLengthForPUCCH, when the UE detects a DCI format 1_X scheduling a set of co-scheduled PDSCHs and the reference PDSCH reception is ending in DL slot , the UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot , where  is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format and  is the last UL slot that overlaps with the DL slot  for the reference PDSCH reception.
· If the UE is provided subslotLengthForPUCCH,  is the last UL slot for PUCCH transmission that overlaps with the reference PDSCH reception or with a PDCCH reception providing a DCI format having associated HARQ-ACK information without scheduling a PDSCH reception; otherwise,  is the last UL slot for PUCCH transmission that overlaps with the DL slot  for the reference PDSCH reception or with the DL slot for the PDCCH reception in case of a DCI format that triggers a HARQ-ACK information report and does not schedule a PDSCH reception.
· FFS: which dl-DataToUL-ACK is to be applied (i.e. dl-DataToUL-ACK, dl-DataToUL-ACK-DCI-1-2 or new configurable dl-DataToUL-ACK-DCI-1-X)
· FFS details of reference PDSCH
· FFS: PUCCH sub-slot determination if the UE is provided subslotLengthForPUCCH




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 6.1.3: dl-DataToUL-ACK is used for operation of DCI format 1_X. 
For simplicity, 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). 
Proposal 6.1.4: 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 it’s serving cell is also used to defined the ‘last DCI’ for PRI overriding and for the DAI counting or not. First, 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 6.1.5: The same reference PDSCH and/or its associated cell is used for the last DCI format determination (for PRI) and DAI counting. 

Supported HARQ-ACK codebook types 
During RAN1#109-e, the following working assumption was taken: 
	Working Assumption
· All HARQ-ACK codebook types (Type-1/2/3) are applicable when multi-carrier PDSCH scheduling is configured.



We are supportive of this generic idea of supporting as many HARQ-ACK CB types with the multi-cell scheduling but think that we may need to be slightly more specific than having a generic agreement here, as there could be rather many changes needed for some of the HARQ-ACK codebooks.  
Looking at the Type 1 HARQ-ACK CB, as pointed out by some companies in their input contributions to RAN1#109-e, there would need to be some changes done. 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.  
Observation 6.2.1: The support of the Type-1 HARQ-ACK codebook will require some complicated interaction of the SLIVs of the scheduled cell and the SLIVs of the cell of the (varying) reference PDSCH in order to be able to capture all the possible SLIV/TDRA combinations in the Type-1 HARQ-ACK CB as the k1 values are relative to the reference PDSCH and not the PDSCH TDRA / SLIV on another co-scheduled cell . 
Although we think that Type-1 HARQ-ACK could be supported we fear that we will not have sufficient time in the WI to complete the Type-1 HARQ-ACK CB in time. Therefore, we suggest to treat the Type-1 HARQ-ACK codebook support with lower priority (if time allows). Having the operation of the Type-1 CB clarified, we would definitely not block the support of the Type-1 HARQ-ACK CB, but we are a bit reluctant on agreeing on the support without having the related CB structure at least in principle clarified. 
For the (baseline / R15) Type-2 HARQ-ACK codebook there had been good discussions during RAN1#109-e already and the needed enhancements seem manageable within the given timeframe and clearly should have highest priority from HARQ-ACK codebook point of view. 
The enhanced Type-2 HARQ-ACK codebook introduced in R16 (mainly for unlicensed band operation) adds another complexity to the (baseline) Type-2 CB and does not support the combination with PHY prioritization. So clearly, the enhanced Type-2 HARQ-ACK codebook should be treated with lower priority compared to Type-2 HARQ-ACK codebook (if time allows). 
The R16 Type-3 and the R17 enh. Type 3 HARQ-ACK codebooks are basically not really affected by the ability of the DCI to schedule PDSCH on more than one serving cell (as the operation is per DL HARQ process / ID). Therefore, clearly the R16 Type-3 and/or the R17 enh. Type-3 HARQ codebook can be readily supported also when being configured with DCI format 1_X. The only question remaining is, if DCI format 1_X can trigger the Type-3 HARQ-ACK codebook transmission or not. But this is a secondary question to be answered, which we think could be supported. 
So as a summary, we don’t suggest to confirm the working assumption directly but suggest to have some HARQ-ACK CB prioritization in place (as discussed for other aspects) taking the limited time in the WI into account. 
Proposal 6.2.2: Replace the following RAN1#109-e working assumption
	Working Assumption
· All HARQ-ACK codebook types (Type-1/2/3) are applicable when multi-carrier PDSCH scheduling is configured.


with the following proposed agreement: 
	· Support at least the following HARQ-ACK codebooks for multi-carrier PDSCH scheduling with DCI format 1_X in Rel-18: (Rel-15) Type-2, (R16) Type-3 and (R17) Enhanced Type-3 
· The Type-1 and (R16) Enhanced Type-2 HARQ-ACK codebook for multi-carrier PDSCH scheduling with DCI format 1_X support is handled with lower priority (if time permits)



Proposal 6.2.3: Support (Rel-16) Type-3 and (Rel-17) Enhanced Type-3 HARQ-ACK triggering using DCI format 1_X. 

Type-2 HARQ-ACK enhancements for multi-carrier PDSCH scheduling
There had been already discussions on the Type-2 HARQ CB operation with DCI format 1_X during RAN1#109-e with the latest moderator proposal reading as: 
	[bookmark: _Hlk106213061]Proposal 4-3rev2:
· For Type-2 HARQ-ACK codebook, UE does not expect the multi-cell PDSCH scheduling and CBG-based PDSCH transmission are configured simultaneously on the same or different cell within a same PUCCH group.
· FFS whether simultaneous configuration of multi-cell PDSCH scheduling and CBG-based PDSCH transmission on the same or different cell within a same PUCCH group is supported for Type-1 HARQ-ACK codebook.
· FFS whether simultaneous configuration of multi-cell PUSCH scheduling and CBG-based PUSCH transmission on the same or different cell within a same PUCCH group is supported.
· FFS whether simultaneous configuration of multi-cell PDSCH/PUSCH scheduling and multi-PDSCH/PUSCH scheduling with different DCIs on a same or different cell(s) within a same PUCCH group is supported.

Proposal 4-4:
· For Type-2 HARQ-ACK codebook, two sub-codebooks are generated with a first sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each scheduling a single cell and a second sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each scheduling more than one cell. 
· Separate DAI counting for DCI(s) with each scheduling a single cell and DCI(s) with each scheduling more than one cell 
· FFS whether the DCI scheduling a single cell and the DCI scheduling more than one cell are determined based on the number of cells indicated by DCI or the number of cells with actual PDSCH reception
· Type-2 HARQ-ACK codebook is generated by concatenating the first sub-codebook and the second sub-codebook.
· At least following is supported: Number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is determined based on the maximum number of cells co-scheduled by a DCI format 1_X in the PUCCH-group for the UE.
· FFS for the case with 2-TB PDSCH scheduling without spatial bundling configuration
· HARQ-ACK information bits for co-scheduled PDSCHs by a DCI format 1_X is ordered based on serving cell indices associated with co-scheduled PDSCHs.




First on the supported combinations with CBG-based operation as well as multi-PDSCH/PUSCH scheduling in RAN1#109-e moderator Proposal 4-3rev2 above, we fully agree with the first bullet but do not see a need for the FFS here. Clearly in the given time for completing this feature we will not be able to complete the feature design for all possible scheduling combinations and therefore suggest to not consider these combinations overall (independent on the applicable HARQ-ACK codebook). 
Proposal 6.3.1: Adopt the following update to RAN1#109-e Proposal 4-1rev4, with changes in red: 
	Proposal 4-3rev2:
· For Type-2 HARQ-ACK codebook, The UE does not expect the multi-cell PDSCH scheduling and CBG-based PDSCH transmission are configured simultaneously on the same or different cell within a same PUCCH group.
· FFS whether simultaneous configuration of multi-cell PDSCH scheduling and CBG-based PDSCH transmission on the same or different cell within a same PUCCH group is supported for Type-1 HARQ-ACK codebook.
· FFS whether simultaneous configuration of multi-cell PUSCH scheduling and CBG-based PUSCH transmission on the same or different cell within a same PUCCH group is supported.
· FFS whether simultaneous configuration of multi-cell PDSCH/PUSCH scheduling and multi-PDSCH/PUSCH scheduling with different DCIs on a same or different cell(s) within a same PUCCH group is supported.



During RAN1#109-e we were still a bit sceptical on the operation with two sub-codebooks but after some more considerations we could be fine with the intention described in Proposal 4-4, but would like to note the following: 
· Operating with two sub-codebooks seems only reasonable to us, in case the UE monitoring for DCI formats 1_X and legacy DCI format(s) 1_0 / 1_1 / 1_2 for a scheduled cell is supported as discussed in Sec. 2.2.
· In case we don’t support the related monitoring, we don’t see a need to have separate sub-codebooks as the PDSCH could then only be scheduled by DCI format 1_X. Therefore, it would be good that we could first agree on the related scheduling possibilities before trying to agree this proposal. 
· One the first FFS to simplify the operation we think this should be based on the number of scheduled cells indicated in the DCI (without any further optimizations)
· On the 2nd FFS on how to deal with the case of 2-TB PDSCH scheduling we see to following options: 
· In case 2-TB PDSCH scheduling is configured for at least one of the cells that can be scheduled by DCI format 1_X, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is determined based on 2 times the maximum number of cells co-scheduled by a DCI format 1_X in the PUCCH-group for the UE. 
· This may be sub-optimal for some cases, but considering that with respect to the framework & scenarios some prioritizations for things such as same SCS etc. are applicable, we think that this could still be a good compromise for same SCS / intra-band operation. 
· The UE would check the scheduled cell combination leading to the largest number of HARQ-ACK bits and uses the related HARQ-ACK bit number accordingly. 
· This will optimize for inter-band / FR1-FR2 scheduling but increases the complexity otherwise. We don’t see this optimization as absolutely necessary. 

Based on the discussions above, we propose the following: 
Proposal 6.3.2: Conditionally that for a scheduled cell the monitoring for DCI format 1_X and legacy DCI formats 1_0, 1_1 and/or 1_2 is supported, adopt the following update to RAN1#109-e Proposal 4-4 with changes in red: 
	Proposal 4-4:
· For Type-2 HARQ-ACK codebook, two sub-codebooks are generated with a first sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each scheduling a single cell and a second sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each scheduling more than one cell. 
· Separate DAI counting for DCI(s) with each scheduling a single cell and DCI(s) with each scheduling more than one cell 
· FFS whether tThe DCI scheduling a single cell and the DCI scheduling more than one cell are determined based on the number of cells indicated by DCI 1_X or the number of cells with actual PDSCH reception
· Type-2 HARQ-ACK codebook is generated by concatenating the first sub-codebook and the second sub-codebook.
· If at least one DL cell that can be scheduled by DCI format 1_X is configured with 2-TB PDSCH scheduling without spatial bundling, 
· the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is determined based on 2 times the maximum number of cells co-scheduled by a DCI format 1_X in the PUCCH-group for the UE.
· At least following is supported Otherwise: Number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is determined based on the maximum number of cells co-scheduled by a DCI format 1_X in the PUCCH-group for the UE.
· FFS for the case with 2-TB PDSCH scheduling without spatial bundling configuration
· HARQ-ACK information bits for co-scheduled PDSCHs by a DCI format 1_X is ordered based on serving cell indices associated with co-scheduled PDSCHs.




Conclusion
In this contribution with discussed multi-cell DCI scheduling aspects for Rel-18 CA enhancements. 
The discussions on the early needed decisions in Sec. 2 can be summarized in the following proposals: 
· Proposal 2.1: Confirm the following RAN1#109-e as early as possible during RAN1#110-e: 
	(Working assumption) DCI format 0_X/1_X is a new DCI format for multi-cell scheduling



· Proposal 2.2: Adopt the latest moderator Proposal 2-4 & 2-5rev2 from RAN1#109-e, with the following proposed changes in red: 
	Proposal 2-4 & 2-5rev2: 
· At least following is supported:
· For each scheduled cell, a UE monitors DCI format 0_X/1_X on at most one scheduling cell. 
· For a cell within a set of configured cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring DCI format 0_X/1_X and legacy DCI format(s) from a same scheduling cell. 
· FFS: whether DCI format 0_X/1_X and legacy DCI format(s) are monitored simultaneously 
· FFS: for which cell within the set of configured cells this is supported 
· FFS whether to support monitoring DCI format 0_X/1_X and legacy DCI format(s) from different scheduling cells for a cell within a set of configured cells which can be co-scheduled by a DCI format 0_X/1_X.




The discussions on the scenarios and basic framework in Sec. 3 can be summarized in the following observations and proposals: 
· Proposal 3.1: To align the operation of DCI format 0_X and 1_X, all the co-scheduled cells by a DCI format 0_X and the scheduling cell are included in the same PUCCH group.

· Proposal 3.2: DCI format 0-X/1-X can be transmitted on an SCell to schedule PUSCH/PDSCH on PCell.  

· Proposal 3.3.1: Adopt the following update to RAN1#109-e Proposal 1-7rev1, with changes in red: 
	Proposal 1-7rev1: 
· At least below cases 1-1 and 1-2 on SCS are prioritized:
· Case 1-1: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells including the scheduling cell and same SCS is used among all the co-scheduled cells including the scheduling cell.
· Case 1-2: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells not including the scheduling cell and same SCS is used among all the co-scheduled cells which may be same or different to the SCS of the scheduling cell.
· Case 1-3: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells including the scheduling cell and different SCS is used among the co-scheduled cells including the scheduling cell.
· Case 1-4: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells not including the scheduling cell and different SCS is used among the co-scheduled cells.

· At least below cases 2-1 and 2-2 on carrier type are prioritized:
· Case 2-1: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells including the scheduling cell and same carrier type (FDD or TDD, licensed or unlicensed, FR1 or FR2-1 or FR2-2) is used among all the co-scheduled cells including the scheduling cell.
· Case 2-2: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells not including the scheduling cell and same carrier type (FDD or TDD, licensed or unlicensed, FR1 or FR2-1 or FR2-2) is used among all the co-scheduled cells which may be same or different carrier type to the scheduling cell.
· Case 2-3: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells including the scheduling cell and different carrier type (FDD or TDD, licensed or unlicensed, FR1 or FR2-1 or FR2-2) is used among the co-scheduled cells including the scheduling cell.
· Case 2-4: A DCI format 0-X/1-X on a scheduling cell can schedules multiple cells not including the scheduling cell and different carrier type (FDD or TDD, licensed or unlicensed, FR1 or FR2-1 or FR2-2) is used among the co-scheduled cells
· Note: for Case 2-1, unlicensed cell operation is not prioritized 
· Note: for Case 2-2, 2-3 and 2-4, using an unlicensed cell for scheduling a set of co-scheduled cells including licensed cell is not prioritized.




· Proposal 3.3.2: Highest priority scenario should be intra-band CA operation for multi-cell scheduling using DCI formats 0_X / 1_X with lower priority for over inter-band CA operation. 

· Observation 3.3.3: The prioritization of the same SCS, same carrier type and intra-band CA operation for DCI format 0_X/1_X operation should be also reflected in the DCI field design.  

· Observation 3.3.4: Specific optimizations for DCI format 1_X operation could be prioritized over optimizations for DCI format 0_X operation, as the DL control resource saving of multi-cell scheduling for PDSCH using DCI format 1_X is clearly higher compared to multi-cell PUSCH scheduling using DCI format 0_X.     

The discussions on the DCI format design in Sec. 4 can be summarized in the following proposals: 
· Proposal 4.1.1: The maximum number of co-scheduled cells by a DCI format 0_X and DCI format 1_X in Rel-18 is 4. 

· Proposal 4.1.2: To limit the DCI size, the maximum number of co-scheduled cells by a DCI format 0_X / 1_X should be based on RRC configuration (i.e. from the set of {2,3,4}). 

· Proposal 4.2.1: Simultaneous monitoring for DCI format 0_X/1X and legacy DCI format(s) from a same scheduling cell is supported for all cells that can be co-scheduled.


· Proposal 4.2.2: Support (simultaneous) monitoring DCI format 0_X/1_X and legacy DCI format(s) from different scheduling cells for a cell within a set of configured cells which can be co-scheduled by a DCI format 0_X/1_X (at least) for the case of the legacy DCI format(s) self-scheduling.   

· Proposal 4.3.1: Adopt RAN1#109-e Proposal 2-9, i.e. Single-stage DCI format is supported for multi-cell PDSCH or PUSCH scheduling.

· Proposal 4.3.2: The maximum DCI size for DCI formats 0_X / 1_X is given by the maximum supported payload size of a single polar codeblock of 140 bits (excl. CRC) 

· Proposal 4.3.3: Support the monitoring for more than one multi-cell DCI 0_X / 1_X (at least on different scheduling cells) within a PUCCH group, where each of the DCI formats 0_X / 1_X can schedule a different (non-overlapping) subgroup of cells within a PUCCH group.

· Proposal 4.3.4: The DCI size for DCI formats 0_X / 1_X is RRC configured. 

· Proposal 4.4.1: The DCI size budget discussion could be structured in the following logical steps: 
1. Clarify, if the UE monitors for 0_X / 1_X and legacy DCI format(s) for a co-scheduled cell 
2. If supported, clarify if the DCI size budget can be increased for all co-scheduled cells from “3+1” or not. 
3. Clarify the counting of the DCI size for scheduled cells (per scheduled cell, only for one scheduled cell, only for the scheduling cell, across co-scheduled cells, …)
4. Having the clarifications of 1. to 3. in place, check if some DCI size alignment is required and how the DCI size alignment could be implemented. 

· Proposal 4.4.2: Increasing the DCI size budget for all co-scheduled cells of multi-cell scheduling from “3+1” (i.e. Alt. 2-3) is not supported. 

· Proposal 4.4.3: For DCI size budget counting for DCI formats 0_X and 1_X, adopt either: 
· Alt. 2-2, where for K co-scheduled cells, gNB to guarantee the total budget of 3*K DCI sizes is not exceeded across the K cells (1st preference), or 
· DCI size budget of multi-cell scheduling DCI is counted only in one co-scheduled reference cell where the reference cell is configured by RRC
· FFS on needed DCI size alignment for the reference cell
· Note: Based on our understanding this is in the spirit of Alt. 1-3, 2-1 and 2-5. 

· Proposal 4.5: For BD / CCE budget counting for DCI formats 0_X and 1_X, adopt either: 
· Alt-3 (1st preference, changes in red): scaled down to each of the potentially co-scheduled cells according to the number of co-scheduled cells configured for multi-cell scheduling by the DCI, or 
· New Alt. 7 (2nd preference): counted across the potentially K co-scheduled cells, with the limit to be not exceeded across the scheduled cells, e.g. for the BD limit  , or 
· Alt. 2 (3rd preference, changes in red): counted only in one scheduled reference cell, where the reference cell is configured by RRC


The discussions on the DCI field design in Sec. 5 can be summarized in the following proposals: 
· Proposal 5.1: For indication of the scheduled cells in DCI formats 0_X / 1_X adopt Option 1, i.e. an indicator in the DCI points to one row of a table defining combinations of scheduled cells.. 
· The table of scheduled cell(s) to be scheduled is RRC configured for the UE. 
· Support separate table configurations for the multi-cell scheduling DCI 0_X and 1_X. 

· Proposal 5.2.1: 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 5.2.2: Type-3 field which can be common or separate to each of the co-scheduled cells or to each sub-group is explicitly configured via RRC.

· Proposal 5.3.1: Shared spectrum access, CBG based PDSCH operation and Multi-TRP scheduling features are not supported for multi-cell scheduling using DCI 1_X.

· Proposal 5.3.2: Adopt the following DCI field types for DCI format 1_X assuming also monitoring for single cell DCI is supported: 
	DCI FIELDS OF FORMAT 1_X
	FIELD TYPE 
	COMMENTS

	Identifier for DCI formats
	Type 1
	

	Carrier indicator
	Type 1
	The assumption is this field would Points to Code point in a RRC configured table (see proposal 5.1)

	Bandwidth part indicator
	Type 1
	This field could also be omitted if it is assumed that the multi cell scheduling is always scheduling the active BWP of the co-scheduled cells. 

	Frequency domain resource assignment
	Type 3
	 

	Time domain resource assignment
	Type 3
	 

	VRB-to-PRB mapping
	Type 3
	 

	PRB bundling size indicator
	Type 3
	 

	Rate matching indicator
	Type 3
	 

	ZP CSI-RS trigger
	Type 2
	Separate field since 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.

	TB1: Modulation and coding scheme
	Type 3
	Common could be useful e.g. for intra-band operation, whereas for inter-band operation clearly separate DCI field would be needed.  

	TB1: New data indicator
	Type 2
	 

	TB1: Redundancy version
	Type 2
	 

	TB2: Modulation and coding scheme
	Type 2
	 

	TB2: New data indicator
	Type 2
	 

	TB2: Redundancy version
	Type 2
	 

	HARQ process number
	Type 2
	 

	Downlink assignment index
	Type 1
	 

	TPC command for scheduled PUCCH
	Type 1
	

	PUCCH resource indicator
	Type 1
	 

	K1 timing indicator
	Type 1
	 

	One shot HARQ ACK request
	Type 1
	 

	Enhanced Type 3 codebook indicator 
	Type 1
	 

	HARQ-ACK retransmission indicator 
	Type 1
	 

	Antenna port(s)
	Type 3
	 

	Transmission configuration indication
	Type 3
	 

	SRS request
	Type 3
	 

	DMRS sequence initialization
	Type 2
	 

	Priority indicator 
	Type 1
	 

	PDCCH monitoring adaptation indication 
	Type 1
	 

	PUCCH Cell indicator 
	Type 1 
	



· Proposal 5.4.1: Multi-TRP, shared spectrum channel, sidelink and SUL scheduling features are not supported for multi-cell scheduling using DCI 0_X.

· Proposal 5.4.2: Adopt the following DCI field types for DCI format 0_X assuming also monitoring for single cell DCI is supported: 
	DCI FIELDS OF FORMAT 0_X
	FIELD TYPE 
	COMMENTS

	Identifier for DCI formats
	Type 1
	

	Carrier indicator
	Type 1
	The assumption is this field would Points to Code point in a RRC configured table (see proposal 5.1)

	Frequency domain resource assignment
	Type 3
	 

	Time domain resource assignment
	Type 3
	 

	Frequency hopping flag
	Type 3
	 

	Modulation and coding scheme
	Type 3
	Common could be useful e.g. for intra-band operation, whereas for inter-band operation clearly separate DCI field would be needed.  

	New data indicator
	Type 2
	 

	Redundancy version
	Type 2
	 

	HARQ process number
	Type 2
	 

	Downlink assignment index
	Type 1
	Assumption here would be, that only a single HARQ-ACK codebook is to be multiplexed on the set of scheduled PUSCHs. 

	TPC command for scheduled PUSCH
	Type 1
	Interpretation is that this TPC command is applicable to the UL of the scheduling cell only. If the scheduling cell cannot be scheduled by the multi-cell DCI, the TPC field is not present. 

	SRS resource indicator
	Type 1
	Interpretation is that the SRI is applicable to the UL of the scheduling cell only

	Precoding information and number of layers
	Type 3
	Common (e.g. for intra-band UL CA) or cell specific depending on the scenario. 

	Antenna ports
	Type 3
	Common (e.g. for intra-band UL CA) or cell specific depending on the scenario.

	SRS request
	Type 1
	

	SRS offset indicator
	Type 1
	 

	CSI request
	Type 1
	Interpretation is that the CSI request is applicable to PUSCH of the first scheduled cell 

	PTRS-DMRS association
	Type 3
	 

	beta_offset indicator
	Type 1
	

	DMRS sequence initialization
	Type 1
	

	Open-loop power control parameter set indication
	Type 1
	To be aligned with PHY priority indicator definition (same PHY priority, same OL TPC parameter sets).

	Priority indicator
	Type 1
	

	Invalid symbol pattern indicator
	Type 1
	

	PDCCH monitoring adaptation indication
	Type 1
	




The discussions on the related needed HARQ enhancements in Sec. 6 can be summarized in the following observations and proposals: 
· Proposal 6.1.1: The Priority indicator in DCI format 1_X defines the PHY priority of the HARQ-ACK information of all the scheduled PDSCHs / cells. 

· Proposal 6.1.2: Adopt the following update to RAN1#109-e Proposal 4-1rev4, with changes in red: 
	Proposal 4-1rev4:
· If a UE is NOT provided subslotLengthForPUCCH, when the UE detects a DCI format 1_X scheduling a set of co-scheduled PDSCHs and the reference PDSCH reception is ending in DL slot , the UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot , where  is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format and  is the last UL slot that overlaps with the DL slot  for the reference PDSCH reception.
· If the UE is provided subslotLengthForPUCCH,  is the last UL slot for PUCCH transmission that overlaps with the reference PDSCH reception or with a PDCCH reception providing a DCI format having associated HARQ-ACK information without scheduling a PDSCH reception; otherwise,  is the last UL slot for PUCCH transmission that overlaps with the DL slot  for the reference PDSCH reception or with the DL slot for the PDCCH reception in case of a DCI format that triggers a HARQ-ACK information report and does not schedule a PDSCH reception.
· FFS: which dl-DataToUL-ACK is to be applied (i.e. dl-DataToUL-ACK, dl-DataToUL-ACK-DCI-1-2 or new configurable dl-DataToUL-ACK-DCI-1-X)
· FFS details of reference PDSCH
· FFS: PUCCH sub-slot determination if the UE is provided subslotLengthForPUCCH



· Proposal 6.1.3: dl-DataToUL-ACK is used for operation of DCI format 1_X. 

· Proposal 6.1.4: The reference PDSCH is the PDSCH of the first cell in the table row of the indicated co-scheduled cells. 

· Proposal 6.1.5: The same reference PDSCH and/or its associated cell is used for the last DCI format determination (for PRI) and DAI counting. 

· Observation 6.2.1: The support of the Type-1 HARQ-ACK codebook will require some complicated interaction of the SLIVs of the scheduled cell and the SLIVs of the cell of the (varying) reference PDSCH in order to be able to capture all the possible SLIV/TDRA combinations in the Type-1 HARQ-ACK CB as the k1 values are relative to the reference PDSCH and not the PDSCH TDRA / SLIV on another co-scheduled cell . 

· Proposal 6.2.2: Replace the following RAN1#109-e working assumption
	Working Assumption
· All HARQ-ACK codebook types (Type-1/2/3) are applicable when multi-carrier PDSCH scheduling is configured.


with the following proposed agreement: 
	· Support at least the following HARQ-ACK codebooks for multi-carrier PDSCH scheduling with DCI format 1_X in Rel-18: (Rel-15) Type-2, (R16) Type-3 and (R17) Enhanced Type-3 
· The Type-1 and (R16) Enhanced Type-2 HARQ-ACK codebook for multi-carrier PDSCH scheduling with DCI format 1_X support is handled with lower priority (if time permits)



· Proposal 6.2.3: Support (Rel-16) Type-3 and (Rel-17) Enhanced Type-3 HARQ-ACK triggering using DCI format 1_X. 

· Proposal 6.3.1: Adopt the following update to RAN1#109-e Proposal 4-1rev4, with changes in red: 
	Proposal 4-3rev2:
· For Type-2 HARQ-ACK codebook, The UE does not expect the multi-cell PDSCH scheduling and CBG-based PDSCH transmission are configured simultaneously on the same or different cell within a same PUCCH group.
· FFS whether simultaneous configuration of multi-cell PDSCH scheduling and CBG-based PDSCH transmission on the same or different cell within a same PUCCH group is supported for Type-1 HARQ-ACK codebook.
· FFS whether simultaneous configuration of multi-cell PUSCH scheduling and CBG-based PUSCH transmission on the same or different cell within a same PUCCH group is supported.
· FFS whether simultaneous configuration of multi-cell PDSCH/PUSCH scheduling and multi-PDSCH/PUSCH scheduling with different DCIs on a same or different cell(s) within a same PUCCH group is supported.



· Proposal 6.3.2: Conditionally that for a scheduled cell the monitoring for DCI format 1_X and legacy DCI formats 1_0, 1_1 and/or 1_2 is supported, adopt the following update to RAN1#109-e Proposal 4-4 with changes in red: 
	Proposal 4-4:
· For Type-2 HARQ-ACK codebook, two sub-codebooks are generated with a first sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each scheduling a single cell and a second sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each scheduling more than one cell. 
· Separate DAI counting for DCI(s) with each scheduling a single cell and DCI(s) with each scheduling more than one cell 
· FFS whether tThe DCI scheduling a single cell and the DCI scheduling more than one cell are determined based on the number of cells indicated by DCI 1_X or the number of cells with actual PDSCH reception
· Type-2 HARQ-ACK codebook is generated by concatenating the first sub-codebook and the second sub-codebook.
· If at least one DL cell that can be scheduled by DCI format 1_X is configured with 2-TB PDSCH scheduling without spatial bundling, 
· the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is determined based on 2 times the maximum number of cells co-scheduled by a DCI format 1_X in the PUCCH-group for the UE.
· At least following is supported Otherwise: Number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is determined based on the maximum number of cells co-scheduled by a DCI format 1_X in the PUCCH-group for the UE.
· FFS for the case with 2-TB PDSCH scheduling without spatial bundling configuration
· HARQ-ACK information bits for co-scheduled PDSCHs by a DCI format 1_X is ordered based on serving cell indices associated with co-scheduled PDSCHs.
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