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An updated RAN1 UE features list was formed during RAN1#115. Further discussion on Rel-18 UE features for MC enhancements are provided in this contribution. We provide our views by referring to the corresponding content in [1].

Discussion on UE features for multi-cell scheduling with a single DCI
Note in FG 49-1 and FG 49-2
Regarding FG 49-1 and FG 49-2, a note is appended to the end of each component: “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”. Actually, no matter whether the scheduling cell is inside the set of cells or not, the scheduling cell cannot be scheduled by other cells if it has scheduled another/other cell(s). In our view, it is more appropriate to capture this note in TS 38.213 since it is more associated with the PHY procedures for control. Therefore, the note in FG 49-1 and FG 49-2 can be removed.
Proposal 1: Support to remove the note in FG 49-1 and FG 49-2.

Component 9 in FG 49-2/2b
Regarding the component 9 in FG 49-2/2b, the following agreement was achieved in last meeting. 
	For 49-2:
· Component 9 is confirmed as:
· 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
· For a cell in a 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
· For a cell in a set of cells, no more than two DCI scheduling PUSCH for the cell
Add following component in FG 49-2b:
· 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
· For a cell in a 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
· For a cell in a set of cells, no more than two DCI scheduling PUSCH for the cell
· …


Similar to FG 49-1/1b, the basic UL DCI processing capability per scheduled cell of a Rel-18 UE should be only one unicast UL DCI per slot of FDD scheduling cell and up to two unicast UL DCIs per slot of TDD scheduling cell. Hence, the square brackets in component 9 of FG 49-2 and FG 49-2b can be removed.
Proposal 2: Support to remove the square brackets in Component 9 of FG 49-2 and FG 49-2b.

Advanced UE Capability for larger number of unicast DL/UL DCI (FGs 49-3x/3y)
It can be firstly clarified that, the purpose to introduce a larger number of unicast DL/UL DCI is to utilize the PDSCH/PUSCH resources in the scheduled cell(s) of an advanced UE as thoroughly as possible. Similar to FGs 18-5c/5d, the newly-introduced FGs 49-3x/3y can follow the same design principles as the advanced UE capability in DL/UL cross-carrier scheduling.
Table 1 FGs 18-5c/5d in TS 38.822 [2]
	Index
	Feature Group
	Components

	18-5c
	Processing up to X unicast DCI scheduling for DL per scheduled CC
	Processing up to X unicast DCI scheduling for DL per scheduled CC 
· X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X
· X={1,2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
· X applies per slot of scheduling CC

	18-5d
	Processing up to X unicast DCI scheduling for UL per scheduled CC
	Processing up to X unicast DCI scheduling for UL per scheduled CC 
· X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X
· X={1,2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
· X applies slot of scheduling CC


The components of FGs 18-5c/5d can be applied to the case of FGs 49-3x/3y, with the prerequisite being FG 49-1b and FG 49-2b, for FG 49-3x and FG 49-3y, respectively. 
The types of the X unicast DCI(s) can be separated into two cases. The first one is that, the X unicast DCI(s) are all DCI format 0_3/1_3. The second case is that, X1 unicast DCI(s) are DCI format 0_3/1_3 while X2 unicast DCI(s) are legacy cross-carrier scheduling DCI (X1+ X2=X). As illustrated in Figure 1, two examples assuming X= {2} for (15,30), (30,60), (60,120 kHz) are given. In subfigure (a), the UE can process up to two DCI formats 0_3/1_3 for each scheduled CC in the set of cells. In subfigure (b), the UE can process one DCI format 0_3/1_3 and one legacy cross-carrier scheduling DCI for each scheduled CC in the set of cells. The slots in each scheduled CC are fully scheduled in both examples. As we can see, this enables a flexible advanced scheduling capability as up to X slots of each scheduled cell in the set of cells can be scheduled by either DCI format 0_3/1_3 or legacy cross-carrier scheduling DCI per slot of scheduling cell. With the newly introduced advanced UE capability, the bandwidth utilization for CA is further facilitated.
 [image: ]
Figure 1 Examples of advanced UE capability: (a) UE processes two DCI formats 0_3/1_3 for each scheduled CC; (b) UE processes one DCI format 0_3/1_3 and one legacy DCI for each scheduled CC.
It is also recommended that the candidate value X=1 for cases (15,120), (15,60), (30,120 kHz) can be removed in both FG 49-3x and FG 49-3y, since this capability of processing one unicast DCI has been captured in FG 49-1b/2b.
Proposal 3: FGs 49-3x/3y in [1] can be updated as below:
	Index
	Feature Group
	Components
	Prerequisite feature groups

	49-3x
	Advanced UE capability for larger number of unicast DL DCI
	Details FFS
Processing up to X unicast DCI scheduling for DL for each cell in the set of cells 
· X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X
· X={2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
· X applies per slot of scheduling CC
	Details FFS
FG 49-1b

	49-3y
	Advanced UE capability for larger number of unicast UL DCI
	Details FFS
Processing up to X unicast DCI scheduling for UL for each cell in the set of cells 
· X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X
· X={2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
· X applies slot of scheduling CC
	Details FFS
FG 49-2b



Components of Type-3 HARQ CB in FG 49-5a and 49-5b
In previous meeting, following FGs were agreed to be introduced.
	Index
	Feature Group
	Components
	Note

	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
	Upon triggering, UE reports A/N for all HARQ processes and all CCs in a PUCCH group.

	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
	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}.


The newly introduced FGs 49-5a/5b can be similar to Rel-17 FGs 25-4/6, which specify the UE features to support type-3 and enhanced type-3 HARQ-ACK codebook feedback triggered by DCI 1_2. Therefore, the components and corresponding note in FG 49-5a/5b can be adopted for DCI format 1_3.
Proposal 4: Adopt FGs 49-5a and 49-5b in [1].

Other Features
In this section, several additional features which are significant for multi-cell scheduling by DCI format 0_3/1_3 are listed for discussion. 
SCell Dormancy Indication
In previous RAN1 meeting, SCell dormancy indication was agreed to support in DCI format 0_3/1_3. In current specification, as shown in FG 18-4 in [2], UE features for SCell dormancy indication are supported in DCI format 0_1/1_1. These are not applicable to DCI format 0_3/1_3 yet, and it is preferable to add a corresponding new FG.
Proposal 5: Support to introduce following FG for SCell dormancy indication in DCI format 0_3/1_3.
	Index
	Feature Group
	Components

	49-6
	SCell dormancy indication within active time
	Support for SCell dormancy indication sent within the active time on PCell with DCI format 0_3/1_3



Cross Slot Scheduling
In current specification, FG 19-2 specifies that the cross slot scheduling with minimum scheduling offset K0/K2 is supported for DCI format 0_1/1_1 [2]. Considering minimum applicable scheduling offset indicator also exist in DCI format 0_3/1_3, another corresponding FG is of necessity to enable this feature by using DCI format 0_3/1_3.
Proposal 6: Support to introduce following FG for cross slot scheduling in DCI format 0_3/1_3.
	Index
	Feature Group
	Components

	49-7
	Cross Slot Scheduling
	1)	Dynamic indication of applicable minimum scheduling restriction by DCI format 0_3 and 1_3
2	minimumSchedulingOffset K0 configuration for PDSCH and aperiodic CSI-RS triggering offset
3)	minimumSchedulingOffset K2 configuration for PUSCH
4)	Support of extended value range for aperiodic CSI-RS triggering offset



Additional Features
As indicated by Proposal 2-11 in [3], five additional FGs are proposed to be introduced for DCI 0_3/1_3. 
· DL priority indicator in a DCI format 1_3: There is UE feature for DL priority indicator in legacy DCI formats as FG 11-4b, yet it is not applicable to DCI format 1_3.
· UL priority indicator in a DCI format 0_3: Likely, there is UE feature for UL priority indicator in legacy DCI formats as FG 12-1a, yet it is not applicable to DCI format 0_3.
· PHY priority handling for one-shot HARQ-ACK feedback by DCI format 1_3: The UE feature supporting PHY priority handling for one-shot HARQ-ACK feedback, i.e., FG 25-5 for legacy DCI should be applicable to DCI format 1_3.
· Unified-TCI indication by DCI format 1_3: As shown by FG 23-1-1b and FG 23-10-1b, UE features for UE capabilities for unified TCI with joint and separate DL/UL TCI updates are supported in DCI format 1_1/1_2. It is preferable to add a corresponding new FG for DCI format 1_3.
· UE features for DCI format 1_3/format 0_3 based BWP switching: A new FG can be added to specify the UE features for DCI format 1_3/0_3 based BWP switching.
These features are either motivated by rather important BWP/MIMO operation, or URLLC services, aiming for a more efficient system operation. Therefore, it is recommended that these five FGs can be applicable to provide a comprehensive functionality for DCI format 0_3/1_3. New optional FGs can be introduced.
Proposal 7: Introduce following FGs,
-	DL priority indicator in a DCI format 1_3
-	UL priority indicator in a DCI format 0_3
-	PHY priority handling for one-shot HARQ-ACK feedback by DCI format 1_3
-	Unified-TCI indication by DCI format 1_3
-	UE features for DCI format 1_3/format 0_3 based BWP switching

Conclusion
Based on above analysis, we have the following proposals:
Proposal 1: Support to remove the note in FG 49-1 and FG 49-2.
Proposal 2: Support to remove the square brackets in Component 9 of FG 49-2 and FG 49-2b.
Proposal 3: FGs 49-3x/3y in [1] can be updated as below:
	Index
	Feature Group
	Components
	Prerequisite feature groups

	49-3x
	Advanced UE capability for larger number of unicast DL DCI
	Details FFS
Processing up to X unicast DCI scheduling for DL for each cell in the set of cells 
· X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X
· X={2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
· X applies per slot of scheduling CC
	Details FFS
FG 49-1b

	49-3y
	Advanced UE capability for larger number of unicast UL DCI
	Details FFS
Processing up to X unicast DCI scheduling for UL for each cell in the set of cells 
· X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X
· X={2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
· X applies slot of scheduling CC
	Details FFS
FG 49-2b


Proposal 4: Adopt FGs 49-5a and 49-5b in [1].
Proposal 5: Support to introduce following FG for SCell dormancy indication in DCI format 0_3/1_3.
	Index
	Feature Group
	Components

	49-6
	SCell dormancy indication within active time
	Support for SCell dormancy indication sent within the active time on PCell with DCI format 0_3/1_3


Proposal 6: Support to introduce following FG for cross slot scheduling in DCI format 0_3/1_3.
	Index
	Feature Group
	Components

	49-7
	Cross Slot Scheduling
	1)	Dynamic indication of applicable minimum scheduling restriction by DCI format 0_3 and 1_3
2	minimumSchedulingOffset K0 configuration for PDSCH and aperiodic CSI-RS triggering offset
3)	minimumSchedulingOffset K2 configuration for PUSCH
4)	Support of extended value range for aperiodic CSI-RS triggering offset


Proposal 7: Introduce following FGs,
-	DL priority indicator in a DCI format 1_3
-	UL priority indicator in a DCI format 0_3
-	PHY priority handling for one-shot HARQ-ACK feedback by DCI format 1_3
-	Unified-TCI indication by DCI format 1_3
-	UE features for DCI format 1_3/format 0_3 based BWP switching
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