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1 Introduction
This contribution discusses remaining issues of UE features for joint scheduling of PDSCHs/PUSCHs on multiple serving cells using a single DCI format. The following is based on the discussions in RAN1#115 [1] and corresponding agreements [2] that resulted in an updated list of UE features for multi-cell scheduling as captured in [3].
2 Remaining issues for the main FGs 49-1/49-2/49-2b
The main FG 49-1b is already complete and captured in TS 38.306. The following issues are still pending in the main FGs 49-1/49-2/49-2b.

Removing the Note on restriction of “chain scheduling” for FG 49-1/49-2: For FGs 49-1/49-2, one remaining issue is the following note:
[Note: When scheduling cell is outside the set of cells, UE is not expected to be configured with another cell to monitor PDCCH candidates for the scheduling cell]
As shown in the following excerpt, the above restriction is already captured in TS 38.300, in a broader setting irrespective of scheduling cell being inside or outside the set of cells. In addition, any such restriction (or any potential revisions) for “chain scheduling” is beyond the scope of UE features and is more suited for TS 38.300 under the supported configurations, and can be discussed in the maintenance discussions (including a potential TP for support of multi-cell scheduling). 

Proposal 1: Remove the following note from FGs 49-1/49-2:
[Note: When scheduling cell is outside the set of cells, UE is not expected to be configured with another cell to monitor PDCCH candidates for the scheduling cell]
· Above restriction for “chain scheduling” is already captured in TS 38.300, and any potential revision can be discussed in RAN1 maintenance.

	[TS 38.300 v18.0.0]
10.8	Cross Carrier Scheduling
Cross-carrier scheduling with the Carrier Indicator Field (CIF) allows the PDCCH of a serving cell to schedule resources on another serving cell but with the following restrictions:
-	When cross-carrier scheduling from an SCell to PCell is not configured, PCell can only be scheduled via its PDCCH;
-	When cross-carrier scheduling from an SCell to PCell is configured:
-	PDCCH on that SCell can schedule PCell's PDSCH and PUSCH;
-	PDCCH on the PCell can schedule PCell's PDSCH and PUSCH but cannot schedule PDSCH and PUSCH on any other cell;
-	Only one SCell can be configured to be used for cross-carrier scheduling to PCell.
-	When an SCell is configured with a PDCCH, that cell's PDSCH and PUSCH are always scheduled by the PDCCH on this SCell;
-	When an SCell is not configured with a PDCCH, that SCell's PDSCH and PUSCH are always scheduled by a PDCCH on another serving cell;
-	The scheduling PDCCH and the scheduled PDSCH/PUSCH can use the same or different numerologies.



Finalizing Component (9) in FG 49-2/49-2b for the number of unicast UL DCIs: The other remaining issue for FG 49-2/49-2b is to finalize Component (9) for the number of unicast UL DCIs that the UE can process. Based on the description agreed in RAN1#115, the UE by reporting FG 49-2/49-2b indicates a capability for processing one/two UL DCIs per cell in a set of cells for multi-cell scheduling by an FDD/TDD scheduling cell, where the one/two UL DCIs can be legacy SC-DCIs or new MC-DCIs. The remaining issue is whether the description should describe the limit on the number of unicast UL DCIs with or without the attribute “[Up to]”. 
Since FGs 49-2/49-2b are UE capabilities for processing DCI 0_3 (rather than gNB configuration or scheduling), they need to explicitly describe that the UE is capable of processing one/two DCI formats 0_3 for the corresponding set of cells per slot (or per N consecutive slots) of the FDD/TDD scheduling cell, so the first “[Up to]” should be removed. Then, the processing of UL DCI formats 0_0/0_1/0_2 can be conditioned on whether both/one/none of the two DCI formats 0_3 have scheduled a certain cell from the set of cells, such that the UE can process additional SC-DCIs 0_0/0_1/0_2 until the UE has processed one/two UL unicast DCIs per cell, to be on par with the legacy UE capability. Therefore, the second “[Up to]” can be kept, while “no more than” should be removed. Such wording will be also more aligned with the wording for the corresponding component (10) of DL FGs 49-1/49-1b. 




Proposal 2: Revise components (9) of FGs 49-2/49-2b as follows:

	FG 49-2
9) The number of unicast UL DCIs to process per slot of scheduling cell for a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3
· For FDD scheduling cell
· [Up to] one DCI format 0_3 for the set of cells and,
· [Up to] one unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells in the set of cells
· For a each cell in a the set of cells, no more than one DCI scheduling PUSCH for the cell
· For TDD scheduling cell
· [Up to] two DCI format 0_3 for the set of cells and,
· [Up to] two unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells in the set of cells
· For a each cell in a the set of cells, no more than two DCI scheduling PUSCH for the cell

FG 49-2b
9) The number of unicast UL DCIs to process per N consecutive slots of scheduling cell for a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3
· For FDD scheduling cell
· [Up to] one DCI format 0_3 for the set of cells and,
· [Up to] one unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells in the set of cells
· For a each cell in a the set of cells, no more than one DCI scheduling PUSCH for the cell
· For TDD scheduling cell
· [Up to] two DCI format 0_3 for the set of cells and,
· [Up to] two unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells in the set of cells
· For a each cell in a the set of cells, no more than two DCI scheduling PUSCH for the cell
· For low-to-high SCS, N = 1.
· For high-to-low SCS, N is based on pair of (scheduling CC SCS, scheduled CC SCS): N=2 for (30,15), (60,30), (120,60) and N=4 for (60,15), (120,30), N = 8 for (120,15)



3 Other FGs for multi-cell scheduling
Several other FGs are also under consideration for multi-cell scheduling.

FGs 49-3x and 49-3y for Advanced DCI processing: The following FGs were agreed in RAN1#113 to support larger number of unicast DL/UL DCIs than that in the main FGs 49-1/1b/2/2b. 
	49. NR_MC_enh
	49-3x
	Advanced UE capability for larger number of unicast DL DCI
	Details FFS
	
	
	
	
	
	
	
	
	
	

	49. NR_MC_enh
	49-3y
	Advanced UE capability for larger number of unicast UL DCI
	Details FFS
	
	
	
	
	
	
	
	
	
	



	Agreement (RAN1#113)
· Following component is introduced in FG 49-1
· The number of unicast DL DCI to process [for a set of cells] configured for multi-cell PDSCH scheduling by a DCI format 1_3 
· One unicast DCI per slot of scheduling cell [for the set of cells] for FDD/TDD scheduling cell
· FFS whether to count DCI format 1_3 only or both legacy DCI formats and DCI format 1_3
· Introduce advanced UE capability for larger number of unicast DL DCI, details FFS
· Following component is introduced in FG 49-2
· The number of unicast UL DCI to process [for a set of cells] configured for multi-cell PUSCH scheduling by a DCI format 0_3 
· One unicast DCI per slot of scheduling cell [for the set of cells] for FDD scheduling cell
· Two unicast DCI per slot of scheduling cell [for the set of cells] for TDD scheduling cell
· FFS whether to count DCI format 0_3 only or both legacy DCI formats and DCI format 0_3
· Introduce advanced UE capability for larger number of unicast UL DCI, details FFS


[bookmark: _Hlk142634069][bookmark: _Hlk135005790]
In legacy specifications, advanced UE capabilities FG 18-5c/18-5d report the UE support for X ≥ 1 unicast DL/UL DCI per scheduled cell, per 1 slot of the scheduling cell. Such UE capabilities are defined only for the low-to-high SCS (motivated by FR1-FR2 scheduling), and the value range of X is related to the SCS ratio between the scheduled cell and the scheduling cell, e.g., with X = {2} when SCS ratio is 2, and X = {1, 2, 4} when SCS ratio is 4. 
[bookmark: _Hlk149908731]However, in the RAN1#113 agreement, the advanced UE capabilities FG 49-3x and 49-3y seem to be considered for both the same SCS case (FG 49-1/49-2) and different SCS case (FG 49-1b/49-2b). 
· For the case of low-to-high SCS (FG 49-1b/49-2b), value range of X ≥ 1 unicast DCIs can be based on the SCS ratio, as in legacy; It should be further discussed whether value X = 1 is needed for FGs 49-3x/49-3y.
· For the same SCS case, more discussion is needed on the use-case and applicability of such Advanced DCI processing capability. If agreed, one option is to have the value range of X ≥ 1 unicast DCIs based on the (maximum) supported number of co-scheduled cells per set of cells in Component 4, such as {1, 2, 3, 4} or {1, 2, …, M} or {1, 2, …, ceiling(4/M)} where M is the value reported for Component 4 of FGs 49-1/49-2. 
[bookmark: _Hlk149921562]Proposal 3: Introduce Advanced DCI processing capabilities FG 49-3x/49-3y with X ≥ 1 unicast DCIs:
· For low-to-high SCS, value range of X unicast DCIs can be based on the SCS ratio, as shown below;
· For same SCS, further discuss the use-case and applicability of Advanced DCI processing capabilities, and if agreed, value range of X unicast DCIs can be based on the (maximum) supported number of co-scheduled cells per Component 4 of FGs 49-1/49-2.


	49. NR_MC_enh
	49-3x
	Advanced UE capability for larger number of unicast DL DCI
	The number of unicast DL DCIs to process per slot of scheduling cell for a set of cells configured for multi-cell PDSCH scheduling by DCI format 1_3
· X DCI formats 1_3 for the set of cells, and
· Up to X unicast DL DCI formats 1_0/1_1/1_2 (if supported) for each of the cells in the set of cells
· For each cell in the set of cells, X DCIs scheduling PDSCH for the cell
· Candidate value of X is based on the pair of (scheduling CC SCS, scheduled CC SCS): X = {[1], 2} for (15,30), (30,60), (60,120), X = {[1], 2, 4} for (15,60), (30,120), and X = {[1], 2, 4, 8} for (15,120)
	
	Yes
	
	49-1b 
	Per BC
	N/A
	N/A
	N/A
	Note: Support of CCS with DL DCI formats 1_1/1_2 is according to FG 18-5
	Optional with capability signaling




	49. NR_MC_enh
	49-3y
	Advanced UE capability for larger number of unicast UL DCI
	The number of unicast UL DCIs to process per slot of scheduling cell for a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3
· X DCI formats 0_3 for the set of cells, and
· Up to X unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells in the set of cells
· For a cell in the set of cells, X DCIs scheduling PUSCH for the cell

· Candidate value of X is based on the pair of (scheduling CC SCS, scheduled CC SCS): X = {[1], 2} for (15,30), (30,60), (60,120), X = {[1], 2, 4} for (15,60), (30,120), and X = {[1], 2, 4, 8} for (15,120)
	
	Yes
	
	49-2b
	Per BC
	N/A
	N/A
	N/A
	Note: Support of CCS with DL DCI formats 1_1/1_2 is according to FG 18-5b
	Optional with capability signaling




FGs 49-5a and 49-5b for Triggering Type-3 HARQ-ACK CB: The following FGs have been agreed in principle in RAN1#115, while the detailed description is still pending. The descriptions are MC-DCI counterparts of those in FGs 10-16 and 25-4/5/6, and generally fine. Two comments are in order:
· Component (2) of FG 49-5a refers to Type-3 HARQ-ACK codebook trigger using DCI format 1_3 “without scheduling a PDSCH using a reserved FDRA value”. However, such DCI 1_3 is not “without a scheduling a PDSCH”, rather “partial” scheduling applies, as agreed in RAN1#114bis, where DCI 1_3 can schedule one or more cells with valid FDRA, while the gNB uses the fields corresponding to a cell with invalid/reserved FDRA to trigger the Type-3 HARQ-ACK CB;
· For components (2) and (5) of FG 49-5b, the interpretation of the reported values needs to be clarified, as the UE reports similar components/values in the legacy FG25-6 for DCI 1_1/1_2. It should be clarified whether the two sets of values apply separately or jointly, and also whether the UE is expected to report the same values in both FG 25-6 and 49-5b, or whether the UE can report different values between the two FGs. For example, the UE capability and/or UE behavior needs to be clarified when the UE reports different values between the two FGs, or when the UE applies both values at the same time, if at all applicable.

	49. NR_MC_enh
	49-5a
	Trigger Type 3 HARQ CB based feedback using DCI format 1_3
	1. Support feedback of type 3 HARQ-ACK codebook, triggered by a DCI 1_3 scheduling a PDSCH
2. Support feedback of type 3 HARQ-ACK codebook, triggered by a DCI 1_3 without scheduling a PDSCH using a reserved FDRA value
	At least one of {49-1, 49-1b}
	Yes
	
	UE does not support HARQ feedback based on Type 3 HARQ codebook triggered by DCI format 1_3
	Per BC
	N/A
	N/A
	N/A
	Upon triggering, UE reports A/N for all HARQ processes and all CCs in a PUCCH group.
	Optional with capability signaling

	49. NR_MC_enh
	49-5b
	Trigger enhanced Type 3 HARQ CB based feedback using DCI format 1_3
	1. Support feedback of enhanced type 3 HARQ-ACK codebook, triggered by a DCI 1_3
2. Support configuration of up to 8 enhanced type 3 HARQ-ACK codebooks.
3. Support feedback of a dynamically selected enhanced type 3 HARQ-ACK codebook based on triggering information in DCI 1_3
4. Support transmission of enhanced type 3 HARQ-ACK codebook using the first or second PUCCH configuration based on PHY priority indication in the triggering DCI (for a UE supporting two HARQ-ACK codebooks / PUCCH config in 11-4)
5. Supported maximum number of actual PUCCH transmissions for type 3 or enhanced type 3 HARQ-ACK codebook feedback within a slot
	At least one of {49-1, 49-1b}
	Yes
	
	UE does not support HARQ feedback based on enhanced Type 3 HARQ codebook triggered by DCI format 1_3
	Per BC
	N/A
	N/A
	N/A
	For component 2, the UE indicates its capability in the number of enhanced type 3 HARQ-ACK codebooks: {1, 2, 4, 8}
For component 3, the dynamic indication is only supported if the UE for component 2 supports more than one enhanced type 3 HARQ-ACK codebook to be configured
Candidate values for component 5 is: {1, 2, 3, 4, 5, 6, 7}.
	Optional with capability signaling




Proposal 4: For the agreed UE features on Type-3 HARQ-ACK CB triggered by DCI format 1_3, clarify the following:
· For FG 49-5a, component (2) needs to describe the “partial” scheduling operation, with DL assignment for some cells, and without DL assignment and with reserved FDRA for some other cells in a set of cells;
· For FG 49-5b, conclude whether UE can report values of components (2) and (5) different from those in legacy FG 25-6, and also whether the UE applies the reported values in FG 49-5b and those in legacy FG 25-6 separately or jointly.

Additional new FGs for other functionalities using DCI 0_3/1_3 can be potentially agreed once the above FGs are stable.

4 Conclusions
This contribution considered remaining issues on UE features for multi-cell scheduling of PDSCHs/PUSCHs using a single DCI format and made the following proposals.
Proposal 1: Remove the following note from FGs 49-1/49-2:
[Note: When scheduling cell is outside the set of cells, UE is not expected to be configured with another cell to monitor PDCCH candidates for the scheduling cell]
· Above restriction for “chain scheduling” is already captured in TS 38.300, and any potential revision can be discussed in RAN1 maintenance.

Proposal 2: Revise components (9) of FGs 49-2/49-2b as follows:

	FG 49-2
9) The number of unicast UL DCIs to process per slot of scheduling cell for a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3
· For FDD scheduling cell
· [Up to] one DCI format 0_3 for the set of cells and,
· [Up to] one unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells in the set of cells
· For a each cell in a the set of cells, no more than one DCI scheduling PUSCH for the cell
· For TDD scheduling cell
· [Up to] two DCI format 0_3 for the set of cells and,
· [Up to] two unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells in the set of cells
· For a each cell in a the set of cells, no more than two DCI scheduling PUSCH for the cell


FG 49-2b
9) The number of unicast UL DCIs to process per N consecutive slots of scheduling cell for a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3
· For FDD scheduling cell
· [Up to] one DCI format 0_3 for the set of cells and,
· [Up to] one unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells in the set of cells
· For a each cell in a the set of cells, no more than one DCI scheduling PUSCH for the cell
· For TDD scheduling cell
· [Up to] two DCI format 0_3 for the set of cells and,
· [Up to] two unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells in the set of cells
· For a each cell in a the set of cells, no more than two DCI scheduling PUSCH for the cell
· For low-to-high SCS, N = 1.
· For high-to-low SCS, N is based on pair of (scheduling CC SCS, scheduled CC SCS): N=2 for (30,15), (60,30), (120,60) and N=4 for (60,15), (120,30), N = 8 for (120,15)



Proposal 3: Introduce Advanced DCI processing capabilities FG 49-3x/49-3y with X ≥ 1 unicast DCIs:
· For low-to-high SCS, value range of X unicast DCIs can be based on the SCS ratio, as shown below;
· For same SCS, further discuss the use-case and applicability of Advanced DCI processing capabilities, and if agreed, value range of X unicast DCIs can be based on the (maximum) supported number of co-scheduled cells per Component 4 of FGs 49-1/49-2.


	49. NR_MC_enh
	49-3x
	Advanced UE capability for larger number of unicast DL DCI
	The number of unicast DL DCIs to process per slot of scheduling cell for a set of cells configured for multi-cell PDSCH scheduling by DCI format 1_3
· X DCI formats 1_3 for the set of cells, and
· Up to X unicast DL DCI formats 1_0/1_1/1_2 (if supported) for each of the cells in the set of cells
· For each cell in the set of cells, X DCIs scheduling PDSCH for the cell
· Candidate value of X is based on the pair of (scheduling CC SCS, scheduled CC SCS): X = {[1], 2} for (15,30), (30,60), (60,120), X = {[1], 2, 4} for (15,60), (30,120), and X = {[1], 2, 4, 8} for (15,120)
	
	Yes
	
	49-1b 
	Per BC
	N/A
	N/A
	N/A
	Note: Support of CCS with DL DCI formats 1_1/1_2 is according to FG 18-5
	Optional with capability signaling




	49. NR_MC_enh
	49-3y
	Advanced UE capability for larger number of unicast UL DCI
	The number of unicast UL DCIs to process per slot of scheduling cell for a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3
· X DCI formats 0_3 for the set of cells, and
· Up to X unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells in the set of cells
· For a cell in the set of cells, X DCIs scheduling PUSCH for the cell

· Candidate value of X is based on the pair of (scheduling CC SCS, scheduled CC SCS): X = {[1], 2} for (15,30), (30,60), (60,120), X = {[1], 2, 4} for (15,60), (30,120), and X = {[1], 2, 4, 8} for (15,120)
	
	Yes
	
	49-2b
	Per BC
	N/A
	N/A
	N/A
	Note: Support of CCS with DL DCI formats 1_1/1_2 is according to FG 18-5b
	Optional with capability signaling



Proposal 4: For the agreed UE features on Type-3 HARQ-ACK CB triggered by DCI format 1_3, clarify the following:
· For FG 49-5a, component (2) needs to describe the “partial” scheduling operation, with DL assignment for some cells, and without DL assignment and with reserved FDRA for some other cells in a set of cells;
· For FG 49-5b, conclude whether UE can report values of components (2) and (5) different from those in legacy FG 25-6, and also whether the UE applies the reported values in FG 49-5b and those in legacy FG 25-6 separately or jointly.
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