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1 Introduction
This contribution discusses UE features for joint scheduling of PDSCHs/PUSCHs on multiple serving cells using a single DCI format, as considered in the following objective from the Rel-18 WI for multi-carrier enhancements [1]. 
	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



Throughout this document, cells that are jointly scheduled by a single DCI format are referred to as “co-scheduled” cells.
The following is based on the email discussion in RAN1#112bis-e [2] that resulted in an initial list of UE features for multi-cell scheduling as captured in [3, Section 9.17.10].
2 UE support for joint monitoring of MC-DCI and SC-DCI
The following RAN1 agreements describe the UE behavior for monitoring legacy single-cell scheduling DCI (SC-DCI) formats in parallel with the new multi-cell scheduling DCI (MC-DCI) format 0_3/1_3 for a same scheduled cell. 
	Agreement (RAN1#110bis-e)
Confirm below working assumption reached in RAN1#110 meeting with revision.
Working Assumption
· For any cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, RAN1 specification supports monitoring the DCI format 0_X/1_X and DCI format 0_0/1_0, 0_1/1_1, and/or 0_2/1_2 (if supported by the UE), if configured from a same scheduling cell. 
· The DCI format 0_X/1_X and the DCI format 0_0/1_0/0_1/1_1/0_2/1_2 can be monitored simultaneously. 
· Note: This does not mean a UE is required to support number of BDs/CCEs beyond the Rel-17 limits (i.e.,  and ) for PDCCH candidates for each scheduled cell.

Agreement (RAN1#111)
Confirm the RAN1#110bis-e working assumption with the following changes: 
    Working Assumption
For a set of cells which is configured for multi-cell scheduling, 
· Existing DCI size budget is maintained on each cell of the set of cells.
· DCI size of DCI format 0_X/1_X is counted on one cell among the set of cells.
· DCI size of the DCI format 0_X/1_X is counted on the reference cell.
· BD/CCE of DCI format 0_X/1_X is counted on one cell among the set of cells.
· BD/CCE of the DCI format 0_X/1_X is counted on the reference cell.
· Same reference cell is used for both DCI format 0_X and DCI format 1_X.
· The reference cell is
· the scheduling cell if the scheduling cell is included in the set of cells and search space of the DCI format 0_X/1_X is configured only on the scheduling cell;
· one cell of the set of cells which search space of DCI format 0_X/1_X is configured on and associated with the search space of the scheduling cell with the same search space ID if search space of the DCI format 0_X/1_X is configured on the cell in addition to the scheduling cell.
· It is up to gNB on which cell the SS of the DCI format 0_X/1_X is configured on.
· To address Rel-17 BD/CCE limit for any given cell (operating the feature under Rel-17 BD/CCE limit)
· For the reference cell, a total number of configured BD/CCEs for both DCI formats 0_X/1_X and legacy DCI formats (if configured) does not exceed the Rel-17 limits. 
· For other cells in the sets of cells, Rel-17 limits for PDCCH/DCI monitoring and BD/CCE counting rules for legacy DCI formats (not including DCI formats 0_X/1_X) apply





A discussion point in the previous meeting was whether the agreed UE behavior is supported by default for all Rel-18 multi-cell scheduling UEs, or whether separate UE capability is needed for such support. 
	Agreement (RAN1#112bis-e  for FGs 49-1/1b and 49-2/2b)
Introduce following FGs
· …
· FFS: whether to introduce new FG for Configuration/monitoring of DCI format 0_3 or 1_3 for a set of cells and legacy DCI format(s) for cell(s) in the set, or to support it by default



In Rel-17, the UE supports by default to monitor different SC-DCI formats for a scheduled cell in same or different monitoring occasions, without any restriction or UE capability. 
Similar, a default support is needed for joint monitoring of MC-DCI and legacy SC-DCI formats, for the following reasons:
· The PCell needs to monitor the fallback DCI 1_0 for system information, RAR, and so on, so cannot replace it with MC-DCI;
· MC-DCI cannot support activation and deactivation of SPS PDSCH and CG PUSCH (no support for MC-DCI with CS-RNTI);
· MC-DCI may result in restricted scheduling (large FDRA granularities or restricted TDRA value sets, etc., due to various compressions in MC-DCI);
· The UE is configured dedicated search space set and n_CI value for monitoring PDCCH that provides MC-DCI, so the UE knows, before decoding the DCI, whether the PDCCH provides a legacy SC-DCI format or an MC-DCI format, without any confusion or interaction among UE processing for different DCI formats;
· The BD/CCE associated with MC-DCI format is counted only on the reference cell of the set of cells configured for multi-cell scheduling, and the aggregate BD/CCE budget of the reference cell (for both MC-DCI and SC-DCI) is subject to legacy non-DSS Rel-17 BD/CCE limits. There is also no change in the maximum number of scheduled cells. From UE implementation perspective, the fundamental PHY processing for the MC-DCI is the number of channel estimations and blind decodes which is limited to the reference cell and within legacy limits, so supporting MC-DCI has no impact to the fundamental computational processing burden of UE.
· The UE processing impact of MC-DCI on non-reference cells is limited to parsing and interpretation of the MC-DCI fields, and such impact is minimal and not critical.  
· MC-DCI is just another DCI format that the UE monitors within the UE blind decoding budget, same as when DCI format 0_2/1_2 was introduced in Rel-16, without any new capability for monitoring DCI formats 0_2/1_2 jointly with or separately from DCI formats 0_0/1_0/0_1/1_1. 
· It is noted that FG 11-1a is for “Monitoring both DCI format 0_1/1_1 and DCI format 0_2/1_2 in the same search space”, but no restriction when DCI format 0_1/1_1 and DCI format 0_2/1_2 are monitored in different search space sets, and anyways not relevant to MC-DCI format 0_3/1_3 since the latter is already agreed to be monitored in a separate/dedicated search space set.
[bookmark: _Hlk135005753]Observation 1: DCI format 1_0 is needed on the PCell for scheduling system information, RAR, and so on, and cannot be replaced with MC-DCI format 1_3.

Observation 2: Legacy SC-DCI formats are needed on both the reference cell and non-reference cells of a set of co-scheduled cells at least for: (i) activation/deactivation of SPS PDSCH and CG PUSCH, and (ii) non-restricted scheduling of PUSCH/PDSCH with fine resource granularity.

Observation 3: There are no new UE procedures or no impact to computational processing burden of UE due to MC-DCI format 0_3/1_3, as the associated BD/CCE is counted only on one reference cell and subject to Rel-17 limits.

Accordingly, there is no reason to make an exception or restriction for monitoring DCI formats 0_3/1_3, and no additional UE capability is necessary.
Proposal 1: UE should support by default (without any new FG) monitoring, for any scheduled cell, of both DCI formats 0_3/1_3 and DCI formats 0_0/1_0, 0_1/1_1, and/or 0_2/1_2 (if supported by the UE), either simultaneously or non-simultaneously, from a same scheduling cell.

A related discussion point in RAN1#112bis-e was the following FFS on the number of unicast SC-DCI or MC-DCI formats that the UE can proces. 

	Agreement (RAN1#112bis-e  for FGs 49-1/1b and 49-2/2b)
Introduce following FGs
· …
· FFS: Number of unicast DCI(s) to process for a set of cells when monitoring DCI format 0_3 or 1_3 is configured



For a legacy UE, the mandatory FG 3-1 requires 1 unicast DL DCI per scheduled cell, and 1 or 2 unicast UL DCIs per scheduled cell for FDD and TDD, respectively, per slot. The optional FG 18-5/18-5b reports UE support for 1 unicast DL DCI per scheduled cell, and 1 or 2 unicast UL DCIs per scheduled cell for FDD and TDD scheduling cell, respectively, per 1 slot or per N consecutive slots of the scheduling cell (1 slot for low-to-high SCS, N slots for high-to-low SCS). The optional FG 18-5c/18-5d reports (advanced) UE support for X unicast DL/UL DCI per scheduled cell, per 1 slot of the scheduling cell (only low-to-high SCS), with X = {1, 2, 4} or X = {2}. 

It is reasonable to define similar UE capability for a number of unicast SC-DCI or MC-DCI formats that the UE can process per slot. A proposal was put forward in the email discussion of RAN1#112bis-e to support only 1 (or 2) unicast DCI(s) per set of cells, regardless of SC-DCI or MC-DCI, per 1 slot or N slots of the scheduling cell [3]. However, such UE capability would be inferior to a legacy UE capability that can monitor 1 (or 2) unicast DCI formats per scheduled cell, per 1 slot or N slots of the scheduling cell, even when the UE is not configured to monitor MC-DCI format in a slot / monitoring occasion, or when the UE monitors but does not detect an MC-DCI format in a slot / monitoring occasion. The reason for such design is the assumption that the UE cannot monitor both MC-DCI and legacy SC-DCI formats for a scheduled cell in the set of cells for multi-cell scheduling. 

[bookmark: _Hlk135005790]Observation 4: The proposed UE capability in RAN1#112bis-e for support of only 1 (or 2) unicast DCI(s) per set of cells, regardless of SC-DCI or MC-DCI, is inferior to a legacy UE capability.

· The reason for such degraded UE capability is the assumption that that the UE cannot monitor both MC-DCI and legacy SC-DCI formats for a scheduled cell.

As discussed in Proposal 1, the UE should support joint monitoring of both MC-DCI and legacy SC-DCI formats for all scheduled cells in a set of cells for multi-cell scheduling. Therefore, the UE capability for the number of processed DCI formats should be defined accordingly. In particular, the UE should support processing both 1 (or 2) unicast DCIs for the reference cell (that can be an SC-DCI format or an MC-DCI format), and also 1 (or 2) unicast DCIs per non-reference cell in the set of cells, per 1 slot or N slots for the scheduling cell. 

Proposal 2: Introduce a component in FG 49-1 (same SCS) for a baseline UE capability for a number of unicast DL DCI formats that the UE can process:
· One unicast DCI (SC-DCI or MC-DCI) for scheduling DL per slot per reference cell of a set of cells configured for multi-cell scheduling & one unicast SC-DCI for scheduling DL per slot per non-reference cell of the set of cells, for FDD/TDD scheduling cell;
· Advanced UE capability for larger number of unicast DCIs can be defined accordingly.

Proposal 3: Introduce a component in FG 49-2 (same SCS) for a baseline UE capability for a number of unicast UL DCI formats that the UE can process:
· One unicast DCI (SC-DCI or MC-DCI) for scheduling UL per slot per reference cell of a set of cells configured for multi-cell scheduling & one unicast SC-DCI for scheduling UL per slot per non-reference cell of the set of cells, for FDD scheduling cell;
· Two unicast DCIs (SC-DCI or MC-DCI) for scheduling UL per slot per reference cell of a set of cells configured for multi-cell scheduling & two unicast SC-DCIs for scheduling UL per slot per non-reference cell of the set of cells, for TDD scheduling cell;
· Advanced UE capability for larger number of unicast DCIs can be defined accordingly.

Proposal 4: Introduce a component in FG 49-1b (different SCS) for a baseline UE capability for a number of unicast DL DCI formats that the UE can process:
· For low-to-high SCS:
· One unicast DCI (SC-DCI or MC-DCI) for scheduling DL per slot of scheduling cell per reference cell of a set of cells configured for multi-cell scheduling & one unicast SC-DCI for scheduling DL per slot of scheduling cell per non-reference cell of the set of cells, for FDD/TDD scheduling cell;
· For high-to-low SCS:
· One unicast DCI (SC-DCI or MC-DCI) for scheduling DL per N consecutive slots of scheduling cell per reference cell of a set of cells configured for multi-cell scheduling & one unicast SC-DCI for scheduling DL per N consecutive slots of scheduling cell per non-reference cell of the set of cells, for FDD/TDD scheduling cell;
· N = 2 for (30, 15), (60, 30), (120, 60), (240, 120), and (480, 240); N = 4 for (60, 15), (120, 30), (240, 60), and (480, 120); N = 8 for (120, 15), (240, 30), and (480, 60); N = 16 for (240, 15), (480, 30); N = 32 for (480, 15).
· Advanced UE capability for larger number of unicast DCIs can be defined accordingly.

Proposal 5: Introduce a component in FG 49-2b (different SCS) for a baseline UE capability for a number of unicast UL DCI formats that the UE can process:
· For low-to-high SCS:
· One unicast DCI (SC-DCI or MC-DCI) for scheduling UL per slot of scheduling cell per reference cell of a set of cells configured for multi-cell scheduling & one unicast SC-DCI for scheduling UL per slot of scheduling cell per non-reference cell of the set of cells, for FDD scheduling cell;
· Two unicast DCIs (SC-DCI or MC-DCI) for scheduling UL per slot of scheduling cell per reference cell of a set of cells configured for multi-cell scheduling & two unicast SC-DCIs for scheduling UL per slot of scheduling cell per non-reference cell of the set of cells, for TDD scheduling cell;
· For high-to-low SCS:
· One unicast DCI (SC-DCI or MC-DCI) for scheduling UL per N consecutive slots of scheduling cell per reference cell of a set of cells configured for multi-cell scheduling & one unicast SC-DCI for scheduling UL per N consecutive slots of scheduling cell per non-reference cell of the set of cells, for FDD scheduling cell;
· Two unicast DCIs (SC-DCI or MC-DCI) for scheduling UL per N consecutive slots of scheduling cell per reference cell of a set of cells configured for multi-cell scheduling & two unicast SC-DCIs for scheduling UL per N consecutive slots of scheduling cell per non-reference cell of the set of cells, for TDD scheduling cell;
· N = 2 for (30, 15), (60, 30), (120, 60), (240, 120), and (480, 240); N = 4 for (60, 15), (120, 30), (240, 60), and (480, 120); N = 8 for (120, 15), (240, 30), and (480, 60); N = 16 for (240, 15), (480, 30); N = 32 for (480, 15).
· Advanced UE capability for larger number of unicast DCIs can be defined accordingly.

Another related discussion point in RAN1#112bis-e was about the first FFS below for FG 49-1 and 49-2 [3]:

	Agreement (RAN1#112bis-e  for FGs 49-1 and 49-2)
Introduce following FGs
· …
· FFS whether this FG is separated for the case when scheduling cell is not included in a set of cells and/or when scheduling cell is not the reference cell for the set, and FFS for the case when same SCS but different carrier types between scheduling cell and set of cells



The following reasons were raised by proponents to have a separate FG for the highlighted FFS:
a) The UE may report different number of cells in the set of cells for the two cases, e.g., 4 cells in the set of cells if the scheduling cell is within the set of cells, but 3 cells if the scheduling cell is not inside the set of cells;

b) Search space linking is different when scheduling cell is or is not the reference cell; for the former case, BD/CCE/DCI size counting is on the scheduling cell, while for the latter case, counting is on a different reference cell;

c) The UE can by default support the monitoring of both MC-DCI and legacy SC-DCI formats when scheduling cell is in the set of cells; However, when the scheduling cell is not included in the set of cells, the UE can report another separate FG to indicate support or no support for joint monitoring of both MC-DCI and legacy SC-DCI formats (e.g., UE can report no support for legacy SC-DCI formats for cells in a set of cells when the scheduling cell is not in the set of cells).

Regarding argument (a), the UE needs to process BD/CCE regardless of self-scheduling or cross-scheduling, so self-scheduling does not “come for free” and cannot be a reason for reporting different number of cells in the set of cells. Regarding argument (b), control channel estimation and blind decoding is common operation regardless of the applicable cell, so it is not clear why counting on one cell (e.g., the scheduling cell) vs. another cell (e.g., a non-scheduling reference cell) can make a difference to UE implementation. Regarding argument (c), as discussed in Proposal 1, UE support for joint monitoring of MC-DCI and legacy SC-DCI formats is necessary for both scheduling/reference cell and non-reference cells, and should be supported by default in all cases. In addition, if the UE implementation can support to monitor both MC-DCI and legacy SC-DCI formats for the scheduling cell, it is not clear why the UE implementation would not be able to support such joint monitoring on a non-scheduling reference cell. 

Overall, regardless of where the scheduling cell is configured, the MC-DCI functionality is that of cross-carrier scheduling with the addition that more than one cell can be scheduled by the DCI. That does not affect how PDCCH is monitored or decoded and does not affect what the UE has to do.

[bookmark: _Hlk135005829]Observation 5: Regardless of where the scheduling cell is configured or which cell is the reference cell, the UE implementation procedure for control channel estimation and blind decoding of MC-DCI and SC-DCI is the same.

Proposal 6: Do NOT introduce a separate FG for the case when scheduling cell is not included in a set of cells and/or when scheduling cell is not the reference cell for the set.

A last related issue is the following note that is suggested for FGs 49-1 and 49-2. 

	Agreement (RAN1#112bis-e  for FGs 49-1 and 49-2)
Introduce following FGs
· …
[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]



The note, although correct, is not restricted to the scheduling cell or to the case of scheduling cell being outside the set of cells. It is a general principle for the CA framework since Rel-15 (except for Rel-17 DSS) that there is always a single scheduling cell for any scheduled cell, regardless of the DCI format. This principle is maintained in Rel-18 multi-cell scheduling as well, per the RAN1#110bis-e agreement cited earlier. Therefore, the Note should be updated for improved clarity, and can then also be applicable to FG 49-1b and 49-2b.

[bookmark: _Hlk135005851]Proposal 7: Update the following Note in FGs 49-1/49-2, and capture the updated Note also for 49-1b/49-2b:
“[Note: When scheduling cell is outside the set of cells, For any scheduled cell, UE is not expected to be configured with another more than one scheduling cell to monitor PDCCH candidates for the scheduling scheduled cell, regardless of the DCI format]”
3 Supported scheduling combinations
Based on the previous RAN1 agreements, a UE can be configured with up to 4 sets of cells for multi-cell scheduling, with each set of cells including up to 4 cells. The up to 4 configured sets of cells for multi-cell scheduling can be associated with different scheduling cells, while only up to N sets of cells can be from a same scheduling cell, where N can be based on a UE capability. 
One discussion point in RAN1#112bis-e was about the details of UE report for a number of co-scheduled cells. The following agreements were achieved [3]:

	Agreement (RAN1#112bis-e)
· Following is reported separately for DCI formats 1_3 and 0_3 as a component of FGs 49-1/1a/1b and 49-2/2a/2b
· Max number of co-scheduled cells supported by a DCI format for the UE: Candidate value set of {2, 3, 4}


Agreement (RAN1#112bis-e  for FGs 49-1 and 49-2)
Introduce following FGs
…

4) Max number of co-scheduled cells per set of cells supported by UE is reported with candidate value set of {2, 3, 4}, FFS whether this component is reported per reported value in component 3
5) Max number of sets of cells supported by UE [per PUCCH group]: Candidate value set of {[1, 2, 3, 4]}, FFS whether to separately report for primary and secondary PUCCH cell groups, FFS whether this component is reported per reported value in component 3
[Max total number of cells, across different sets of cells, supported by UE per PUCCH group: Candidate value set of {[2, 3, …, 16]}, FFS whether this component is reported per reported value in component 3]
6) Max number of sets of cells supported by UE for a same scheduling cell: Candidate value set of {[1, 2, 3, 4]}, FFS whether this component is reported per reported value in component 3
[Max total number of cells, across different sets of cells, supported by UE for a same scheduling cell: Candidate value set of {[2, 3, …, 8]}, FFS whether this component is reported per reported value in component 3]
FFS whether to report max number of sets of cells supported by UE across PUCCH groups

Agreement (RAN1#112bis-e  for FGs 49-1b and 49-2b)
…
4) Max number of co-scheduled cells per set of cells supported by UE is reported with candidate value set of {2, 3, 4}. FFS whether to report separately for the reported combinations between scheduling and scheduled cells in components 3a/3b
5) Max number of sets of cells supported by UE [per PUCCH group]: Candidate value set of {[1, 2, 3, 4]}, FFS whether to separately report for primary and secondary PUCCH cell groups, FFS whether to report separately for the reported combinations between scheduling and scheduled cells in components 3a/3b
[Max total number of cells, across different sets of cells, supported by UE per PUCCH group: Candidate value set of {[2, 3, …, 16]}, FFS whether to report separately for the reported combinations between scheduling and scheduled cells in components 3a/3b]
[bookmark: _Hlk134716007]6) Max number of sets of cells supported by UE for a same scheduling cell: Candidate value set of {[1, 2, 3, 4]}, FFS whether to report separately for the reported combinations between scheduling and scheduled cells in components 3a/3b
[Max total number of cells, across different sets of cells, supported by UE for a same scheduling cell: Candidate value set of {[2, 3, …, 8]}, FFS whether to report separately for the reported combinations between scheduling and scheduled cells in components 3a/3b]



[bookmark: _Hlk134914767][bookmark: _Hlk134914691]A first issue is that the first agreement cited above is not captured as a component of FGs 49-1/1b or 49-2/2b. The first agreement defines a UE capability for a maximum number of co-scheduled cells in a DCI format 0_3/1_3, which can be strictly smaller than a value reported in component (4) of FGs 49-1/1b and 49-2/2b that refers to a maximum number of cells in a set of cells for multi-cell scheduling. This can be especially important for the UL case, where the UE may support co-scheduling on a strict subset of cells, such as only 2 cells from the 4 cells configured in the set of cells. Once a new component, e.g., component (4a), is added to reflect the first agreement, it can be further discussed whether to retain, revise, or remove component (4).
 
[bookmark: _Hlk135005873]Proposal 8: Capture the RAN1#112bis-e agreement by adding a new component (4a) to FGs 49-1/1b or 49-2/2b for maximum number of co-scheduled cells supported by a DCI format for the UE: Candidate value set of {2, 3, 4};
· For the UL MC-DCI format 0_3 (i.e., FG 49-2/2b), the value reported for component (4a) can be strictly smaller than the value reported for component (4);
· Further discuss whether to retain, revise, or remove component (4).

Another issue is the metric to be reported for a number of co-scheduled cells / sets of cells. The following metrics have been considered:
a) Max number of co-scheduled cells supported by a DCI format for the UE: Candidate value set of {2, 3, 4}
b) Max number of co-scheduled cells per set of cells supported by UE with candidate value set of {2, 3, 4}
c) Max number of sets of cells supported by UE [per PUCCH group]: Candidate value set of {[1, 2, 3, 4]}, FFS whether to separately report for primary and secondary PUCCH cell groups
d) Max total number of cells, across different sets of cells, supported by UE per PUCCH group: Candidate value set of {[2, 3, …, 16]}
e) Max number of sets of cells supported by UE for a same scheduling cell: Candidate value set of {[1, 2, 3, 4]}
f) Max total number of cells, across different sets of cells, supported by UE for a same scheduling cell: Candidate value set of {[2, 3, …, 8]}
g) Max number of sets of cells supported by UE across PUCCH groups
While metrics (a), (b), (c), and (e) are already agreed, the support of metrics (d), (f), and (g) is still not decided. It is noted that support of metric (d) and (f) is important for improved flexibility of gNB configuration and scheduling. In the absence of UE report for metrics (d) and (f), the UE may under-report the values for one or more of the metrics (b), (c), or (e). For example, when a UE reports its support for 2 sets of cells, with 4 cells in each set of cells (i.e., value 2 for metric (b) and value 4 for metric (e), the UE can clearly also support 4 sets of cells, with 2 cells in each set of cells. However, the latter case cannot be configured to the UE if the UE only reports metrics (b) and (e), since UE has reported support for only 2 sets of cells from a same scheduling cell. On the other hand, when the UE also reports metric (f), the UE can report value 4 for metric (b), value 4 for metric (e), and value 8 for metric (f), and enjoy either of the two aforementioned scenarios, while the UE is guaranteed to not receive a configuration that exceeds its capabilities. Similar example can be considered to show the benefits of metric (d). Once metrics (d) and (f) are also reported by the UE, it will be up to the gNB how to categorize the cells among different sets of cells depending on the environment and deployment scenarios. Per discussion of PUCCH groups in the next paragraph, metric (d) should be updated to be across PUCCH groups and the value set of metric (d) should be updated to {2, 3, …, 32}. 
[bookmark: _Hlk135006025][bookmark: _Hlk135005892]Observation 6: A UE capability based only on number of sets of cells and number of cells in each set results in under-reporting of the UE capability for multi-cell scheduling and limits the gNB configuration and scheduling.
· A full report of UE capability needs to also include a total number of cells across different sets of cells.

Another related observation is regarding the UE reporting of metrics (c) and (d) per PUCCH group or separately for primary/secondary PUCCH group, or total across PUCCH groups. Firstly, there is no impact to UE implementation for multi-cell scheduling that would be related to the PUCCH group configuration. In addition, similar reasoning as above shows that reporting per PUCCH group or per primary/second PUCCH group would result in under-reporting UE capability. For example, a UE implementation that can support 3 sets of cells for the primary PUCCH group and 3 sets of cells for the secondary PUCCH group, can clearly also support 4 sets of cells for the primary PUCCH group and 2 sets of cells for the secondary PUCCH group, while a reporting of metrics (c) and (d) per PUCCH group or per primary/secondary PUCCH group avoids the latter configuration. Therefore, metrics (c) and (d) should be reported across PUCCH groups, and then it will be up to gNB configuration how to categorize the cells / sets of cells among the two PUCCH groups. Accordingly, the value set of metric (c), which is same as Component 5, should be updated to {1, 2, …, 8}.
Observation 7: A UE capability for number of co-scheduled cells / sets of cells per PUCCH group or per primary/secondary PUCCH group results in under-reporting of the UE capability for multi-cell scheduling and limits the gNB configuration and scheduling.
· The UE capability is fully reflected when such report is across PUCCH groups.

Proposal 9: Adopt the following metrics as additional components of FGs 49-1/1b and 49-2/2b:
· Max total number of cells, across different sets of cells, supported by UE across PUCCH groups: Candidate value set of {2, 3, …, 32};
· Max total number of cells, across different sets of cells, supported by UE for a same scheduling cell: Candidate value set of {2, 3, …, 8}.

Proposal 10: Update Component (5) of FGs 49-1/1b and 49-2/2b to be across PUCCH groups (not per PUCCH group or per primary/secondary PUCCH group);
· Accordingly, update the value set for Component (5) to {1, 2, …, 8}.
“5) Max number of sets of cells supported by UE [per across PUCCH groups]: Candidate value set of {[1, 2, 3, 4…, 8]}, FFS whether to separately report for primary and secondary PUCCH cell groups, …”
4 Signaling aspects for MC-DCI features
A first issue on the signaling of FGs 49-1/1b and 49-2/2b is the reporting granularity. Similar to legacy FGs for cross-carrier scheduling such as FG 18-5/5b, reporting of multi-cell scheduling FGs can be per band combination (BC).

[bookmark: _Hlk135005944]Proposal 11: Confirm that FGs 49-1/1b and 49-2/2b are reported per band combination (per BC).

A follow-up issue is regarding the impact of carrier type on FGs 49-1/1b and 49-2/2b, as captured in the following FFS and open points (yellow highlights) from RAN1#112bis-e [3]. 
	Agreement (RAN1#112bis-e  for FGs 49-1 and 49-2)
Introduce following FGs
…

3) Scheduling cell and co-scheduled cells have same SCS/carrier type[: candidate value set {FR1 licensed FDD, FR1 licensed TDD, FR1 unlicensed TDD, FR2-1, FR2-2}]
[bookmark: _Hlk134749327]… FFS whether this component is reported per reported value in component 3

Agreement (RAN1#112bis-e  for FGs 49-1b and 49-2b)
…
3a) Scheduling cell and co-scheduled cells have different SCS. The set of co-scheduled cells share the same SCS and carrier type
Candidate value set for component 3a:
· {Scheduling cell of lower SCS and scheduled cells of higher SCS, Scheduling cell of higher SCS and scheduled cells of lower SCS, both}
3b) Scheduling cell and co-scheduled cells have same or different carrier type (FR1 licensed FDD or FR1 licensed TDD or FR1 unlicensed TDD or FR2-1 or FR2-2).
Candidate value set for component 3b:
· [Bitmap] indication of support/not support for each of applicable combinations of scheduling cell from {FR1 licensed FDD, FR1 licensed TDD, FR1 unlicensed TDD, FR2-1, FR2-2} and scheduled cells from {FR1 licensed FDD, FR1 licensed TDD, FR1 unlicensed TDD, FR2-1, FR2-2} from the band combinations
FFS: relation between 3a and 3b
FFS: whether/how to indicate support of scheduling on unlicensed band(s)

[bookmark: _Hlk134749399]… FFS whether to report separately for the reported combinations between scheduling and scheduled cells in components 3a/3b



[bookmark: _Hlk134749828]As discusses in Proposal 11, FGs 49-1/1b and 49-2/2b are reported per BC. Since a carrier type that is assigned to each NR band is fixed and known at the time of auction/allocation/deployment and is not semi-statically or dynamically changed by the gNB, it is not clear why the UE needs to report a supported carrier type (or even multiple carrier types) for a band combination. For example, it is not up to the gNB to configure a certain band as FR1 FDD or FR1 TDD, or as licensed or unlicensed – such assignments are fixed and known. Accordingly, it appears that Component 3b for FGs 49-1b/49-2b is not meaningful, and corresponding value set is redundant. 
[bookmark: _Hlk135005963]Observation 8: A carrier type for an NR band (or a combination of carrier types for an NR band combinations) is fixed and known at the time of auction/allocation/deployment and cannot be changed by the gNB.
· So, reporting a supported carrier type (or carrier type combination) is redundant.

For FGs 49-1/49-2, it is first noticed that those two main FGs for multi-cell scheduling (with same SCS) should not depend on the carrier type. In particular, regarding: “FFS whether this FG is separated for the case … and FFS for the case when same SCS but different carrier types between scheduling cell and set of cells”, there is no such distinction in legacy FGs for cross-carrier scheduling (such as FGs 6-10 or 18-5/18-5b), and there seems to be no reason for such distinction for FGs 49-1 and 49-2 either. In addition, as discussed in Proposal 11, the FGs 49-1/1b and 49-2/2b are reported per BC, so discussion of carrier type appears to be irrelevant in the first place. Accordingly, reference to carrier type in Component 3 for FG 49-1/49-2 is redundant, and there is no need to report the corresponding value set. 
An additional aspect is the following FFS points: “FFS whether this component is reported per reported value in component 3” or “FFS whether to report separately for the reported combinations between scheduling and scheduled cells in components 3a/3b” which are repeated for multiple components (e.g., Components 4, 5, 6). Since only one combination of carrier types is application to each band combination, a reported UE capability already captures the impact of carrier type combination, and there is no need for separate reporting per carrier type / carrier type combination. 
Proposal 12: Do NOT introduce a separate FG for the case when same SCS but different carrier types between scheduling cell and set of cells.


Proposal 13: Do NOT report carrier type as component or metric for UE capabilities for multi-cell scheduling:

· Update Component 3 of FGs 49-1/49-2 by removing the reference to carrier type:
“3) Scheduling cell and co-scheduled cells have same SCS/carrier type[: candidate value set {FR1 licensed FDD, FR1 licensed TDD, FR1 unlicensed TDD, FR2-1, FR2-2}]”;
· Remove references to values set of Component 3 of FGs 49-1/49-2:
“FFS whether this component is reported per reported value in component 3”;
· Remove Component 3b of FG 49-1b/49-2b:
“3b) Scheduling cell and co-scheduled cells have same or different carrier type (FR1 licensed FDD or FR1 licensed TDD or FR1 unlicensed TDD or FR2-1 or FR2-2).
Candidate value set for component 3b:
· [Bitmap] indication of support/not support for each of applicable combinations of scheduling cell from {FR1 licensed FDD, FR1 licensed TDD, FR1 unlicensed TDD, FR2-1, FR2-2} and scheduled cells from {FR1 licensed FDD, FR1 licensed TDD, FR1 unlicensed TDD, FR2-1, FR2-2} from the band combinations
FFS: relation between 3a and 3b
FFS: whether/how to indicate support of scheduling on unlicensed band(s)”;
· Remove references to values set of Component 3b of FGs 49-1b/49-2b:
“FFS whether to report separately for the reported combinations between scheduling and scheduled cells in components 3a/3b”.


A last discussion point on signaling/structure of FGs 49-1/1b and 49-2/2b is regarding the following FFS.
	Agreement (RAN1#112bis-e)
· Introduce separate FGs for the support of monitoring DCI formats 1_3 and 0_3 as FGs 49-1 and 49-2
· Note: Some capabilities can be reported separately for DCI formats 1_3 and 0_3, details FFS
· FFS whether/which capabilities can be commonly applied for DCI formats 1_3 and 0_3, FFS how to report

Agreement (RAN1#112bis-e)
· Introduce separate FGs for the support of same and different SCSs between scheduling cell and cells in the set
· Note: Some capabilities can be reported separately for same and different SCSs, details FFS
· FFS whether/which capabilities can be commonly applied for same and different SCSs, FFS how to report
· FFS whether the FG for the support of different SCS is separate or common for DCI format 0_3 and 1_3



Although a common report for certain components may ensure consistent UE reporting in certain comparable scenarios, only few components appear to be applicable to such common reporting, such as support of FDRA-based or table-based method for DCI 1_3 vs. 0_3 or for same vs. different SCS, or support of Type-1/Type-2 HARQ-ACK CB for same vs. different SCS, or possibly support of type-configurable fields, such as AP/SRI/TPMI, for DCI 1_3 vs. 0_3 or for same vs. different SCS. Other candidate components, such as max number of sets of cells / cells in a set for same SCS vs. different SCS, can be BC-specific and may not be commonly applied. In addition, for components where common reporting is applicable, the only benefit seems to be some limited saving of RRC signaling, which is not critical, while it will increase the complexity of FG definition by introducing cross-referencing among multiple components or FGs. 
[bookmark: _Hlk135006083]Observation 9: Common capability reporting is applicable to very few components and scenarios, and increases the complexity of FG definition.

Proposal 14: Do NOT introduce common capability reporting for components of FGs 49-1/1b and 49-2/2b.

5 Other issues
Few other issues are in order with respect to UE features for multi-cell scheduling.

· Type-2 HARQ-ACK codebook is a mandatory capability in Rel-15, and there is little change to UE procedures for Type-2 HARQ-ACK codebook due to MC-DCI, so separate UE capability is not necessary;

· Very few DCI fields from DCI formats 0_3 and 1_3 are agreed to be type-configurable between Type-1A and Type-2 (only Antenna Port(s), SRI, TMPI fields), so impact to UE implementation is minimal, and separate UE capability is not warranted;

· Support for nominal RBG size of Configuration 3 for FDRA type 0 is a minimal change to enable the required compression for the FDRA field of DCI format 0_3/1_3, so UE should support it by default;

· [bookmark: _Hlk134775071]RBG-based RIV for FDRA Type-1 is supported as basic feature without separate FG for DCI format 0_2/1_2, so the same framework can be applied to DCI format 1_3/0_3 as well.

[bookmark: _Hlk135006117]Proposal 15: Do NOT introduce separate capability for reporting the UE support for the following procedures via DCI format 0_3/1_3 (i.e., they should be supported by default):

· Type-2 HARQ-ACK codebook;
· Type-configurable fields between Type-1A and Type-2 (AP, SRI, TMPI fields);
· Nominal RBG size of Configuration 3 for FDRA type 0;
· RBG-based RIV for FDRA Type-1.

In addition, the following list of UE functionalities via DCI format 0_3/1_3 was put forward in RAN#112bis-e for further discussion of potential corresponding UE capabilities [2].

	Question 2-12a:
· Regarding existing FG corresponding to a field included in DCI format 0_3/1_3, companies are encouraged to provide views on whether following existing capabilities need to introduce new FGs to report the support of the capabilities in DCI format 0_3/1_3.
1) UE features for DL priority indicator in a DCI format 1_3
2) UE features for UL priority indicator in a DCI format 0_3
3) 49-5a: Trigger Type 3 HARQ CB based feedback using DCI format 1_3
4) 49-5b: Trigger enhanced Type 3 HARQ CB based feedback using DCI format 1_3
5) PHY priority handling for one-shot HARQ-ACK feedback by DCI 1_3
6) UE feature for HARQ-ACK re-transmission triggered by DCI format 1_3
7) UE features for SCell dormancy indication within active time by DCI format 1_X and DCI format 0_3
8) UE features for cross-slot scheduling by DCI format 1_X and DCI format 0_3
9) [bookmark: _Hlk134776112]UE features for Unified-TCI indication by DCI format 1_3



For items 1, 2, 3, 4, 5, 6, 8, no new UE functionality is identified for MC-DCI, so if the UE supports any of these functionalities for single-cell scheduling, there is no reason why the UE cannot support the functionality for multi-cell scheduling. Therefore, legacy FGs appear to be sufficient. 

For items 7 and 9, the UE procedures are not fully available, and further discussion seems to be needed in the maintenance phase. So, it is preferred to postpone the discussion on corresponding UE features until after the specifications are stable.

[bookmark: _Hlk135006142]Proposal 16: For SCell dormancy indication and TCI state indication by DCI format 0_3/1_3, postpone the discussion of UE features until after the corresponding specifications are stable.

6 Conclusions
This contribution considered UE features for multi-cell scheduling of PDSCHs/PUSCHs using a single DCI format and proposed the following.
Proposals 
[bookmark: _GoBack]Proposal 1: UE should support by default (without any new FG) monitoring, for any scheduled cell, of both DCI formats 0_3/1_3 and DCI formats 0_0/1_0, 0_1/1_1, and/or 0_2/1_2 (if supported by the UE), either simultaneously or non-simultaneously, from a same scheduling cell.

Proposal 2: Introduce a component in FG 49-1 (same SCS) for a baseline UE capability for a number of unicast DL DCI formats that the UE can process:
· One unicast DCI (SC-DCI or MC-DCI) for scheduling DL per slot per reference cell of a set of cells configured for multi-cell scheduling & one unicast SC-DCI for scheduling DL per slot per non-reference cell of the set of cells, for FDD/TDD scheduling cell;
· Advanced UE capability for larger number of unicast DCIs can be defined accordingly.

Proposal 3: Introduce a component in FG 49-2 (same SCS) for a baseline UE capability for a number of unicast UL DCI formats that the UE can process:
· One unicast DCI (SC-DCI or MC-DCI) for scheduling UL per slot per reference cell of a set of cells configured for multi-cell scheduling & one unicast SC-DCI for scheduling UL per slot per non-reference cell of the set of cells, for FDD scheduling cell;
· Two unicast DCIs (SC-DCI or MC-DCI) for scheduling UL per slot per reference cell of a set of cells configured for multi-cell scheduling & two unicast SC-DCIs for scheduling UL per slot per non-reference cell of the set of cells, for TDD scheduling cell;
· Advanced UE capability for larger number of unicast DCIs can be defined accordingly.

Proposal 4: Introduce a component in FG 49-1b (different SCS) for a baseline UE capability for a number of unicast DL DCI formats that the UE can process:
· For low-to-high SCS:
· One unicast DCI (SC-DCI or MC-DCI) for scheduling DL per slot of scheduling cell per reference cell of a set of cells configured for multi-cell scheduling & one unicast SC-DCI for scheduling DL per slot of scheduling cell per non-reference cell of the set of cells, for FDD/TDD scheduling cell;
· For high-to-low SCS:
· One unicast DCI (SC-DCI or MC-DCI) for scheduling DL per N consecutive slots of scheduling cell per reference cell of a set of cells configured for multi-cell scheduling & one unicast SC-DCI for scheduling DL per N consecutive slots of scheduling cell per non-reference cell of the set of cells, for FDD/TDD scheduling cell;
· N = 2 for (30, 15), (60, 30), (120, 60), (240, 120), and (480, 240); N = 4 for (60, 15), (120, 30), (240, 60), and (480, 120); N = 8 for (120, 15), (240, 30), and (480, 60); N = 16 for (240, 15), (480, 30); N = 32 for (480, 15).
· Advanced UE capability for larger number of unicast DCIs can be defined accordingly.

Proposal 5: Introduce a component in FG 49-2b (different SCS) for a baseline UE capability for a number of unicast UL DCI formats that the UE can process:
· For low-to-high SCS:
· One unicast DCI (SC-DCI or MC-DCI) for scheduling UL per slot of scheduling cell per reference cell of a set of cells configured for multi-cell scheduling & one unicast SC-DCI for scheduling UL per slot of scheduling cell per non-reference cell of the set of cells, for FDD scheduling cell;
· Two unicast DCIs (SC-DCI or MC-DCI) for scheduling UL per slot of scheduling cell per reference cell of a set of cells configured for multi-cell scheduling & two unicast SC-DCIs for scheduling UL per slot of scheduling cell per non-reference cell of the set of cells, for TDD scheduling cell;
· For high-to-low SCS:
· One unicast DCI (SC-DCI or MC-DCI) for scheduling UL per N consecutive slots of scheduling cell per reference cell of a set of cells configured for multi-cell scheduling & one unicast SC-DCI for scheduling UL per N consecutive slots of scheduling cell per non-reference cell of the set of cells, for FDD scheduling cell;
· Two unicast DCIs (SC-DCI or MC-DCI) for scheduling UL per N consecutive slots of scheduling cell per reference cell of a set of cells configured for multi-cell scheduling & two unicast SC-DCIs for scheduling UL per N consecutive slots of scheduling cell per non-reference cell of the set of cells, for TDD scheduling cell;
· N = 2 for (30, 15), (60, 30), (120, 60), (240, 120), and (480, 240); N = 4 for (60, 15), (120, 30), (240, 60), and (480, 120); N = 8 for (120, 15), (240, 30), and (480, 60); N = 16 for (240, 15), (480, 30); N = 32 for (480, 15).
· Advanced UE capability for larger number of unicast DCIs can be defined accordingly.

Proposal 6: Do NOT introduce a separate FG for the case when scheduling cell is not included in a set of cells and/or when scheduling cell is not the reference cell for the set.

Proposal 7: Update the following Note in FGs 49-1/49-2, and capture the updated Note also for 49-1b/49-2b:
“[Note: When scheduling cell is outside the set of cells, For any scheduled cell, UE is not expected to be configured with another more than one scheduling cell to monitor PDCCH candidates for the scheduling scheduled cell, regardless of the DCI format]”

Proposal 8: Capture the RAN1#112bis-e agreement by adding a new component (4a) to FGs 49-1/1b or 49-2/2b for maximum number of co-scheduled cells supported by a DCI format for the UE: Candidate value set of {2, 3, 4};
· For the UL MC-DCI format 0_3 (i.e., FG 49-2/2b), the value reported for component (4a) can be strictly smaller than the value reported for component (4);
· Further discuss whether to retain, revise, or remove component (4).

Proposal 9: Adopt the following metrics as additional components of FGs 49-1/1b and 49-2/2b:
· Max total number of cells, across different sets of cells, supported by UE across PUCCH groups: Candidate value set of {2, 3, …, 32};
· Max total number of cells, across different sets of cells, supported by UE for a same scheduling cell: Candidate value set of {2, 3, …, 8}.

Proposal 10: Update Component (5) of FGs 49-1/1b and 49-2/2b to be across PUCCH groups (not per PUCCH group or per primary/secondary PUCCH group);
· Accordingly, update the value set for Component (5) to {1, 2, …, 8}.
“5) Max number of sets of cells supported by UE [per across PUCCH groups]: Candidate value set of {[1, 2, 3, 4…, 8]}, FFS whether to separately report for primary and secondary PUCCH cell groups, …”

Proposal 11: Confirm that FGs 49-1/1b and 49-2/2b are reported per band combination (per BC).

Proposal 12: Do NOT introduce a separate FG for the case when same SCS but different carrier types between scheduling cell and set of cells.

Proposal 13: Do NOT report carrier type as component or metric for UE capabilities for multi-cell scheduling:

· Update Component 3 of FGs 49-1/49-2 by removing the reference to carrier type:
“3) Scheduling cell and co-scheduled cells have same SCS/carrier type[: candidate value set {FR1 licensed FDD, FR1 licensed TDD, FR1 unlicensed TDD, FR2-1, FR2-2}]”;
· Remove references to values set of Component 3 of FGs 49-1/49-2:
“FFS whether this component is reported per reported value in component 3”;
· Remove Component 3b of FG 49-1b/49-2b:
“3b) Scheduling cell and co-scheduled cells have same or different carrier type (FR1 licensed FDD or FR1 licensed TDD or FR1 unlicensed TDD or FR2-1 or FR2-2).
Candidate value set for component 3b:
· [Bitmap] indication of support/not support for each of applicable combinations of scheduling cell from {FR1 licensed FDD, FR1 licensed TDD, FR1 unlicensed TDD, FR2-1, FR2-2} and scheduled cells from {FR1 licensed FDD, FR1 licensed TDD, FR1 unlicensed TDD, FR2-1, FR2-2} from the band combinations
FFS: relation between 3a and 3b
FFS: whether/how to indicate support of scheduling on unlicensed band(s)”;
· Remove references to values set of Component 3b of FGs 49-1b/49-2b:
“FFS whether to report separately for the reported combinations between scheduling and scheduled cells in components 3a/3b”.

Proposal 14: Do NOT introduce common capability reporting for components of FGs 49-1/1b and 49-2/2b.

Proposal 15: Do NOT introduce separate capability for reporting the UE support for the following procedures via DCI format 0_3/1_3 (i.e., they should be supported by default):

· Type-2 HARQ-ACK codebook;
· Type-configurable fields between Type-1A and Type-2 (AP, SRI, TMPI fields);
· Nominal RBG size of Configuration 3 for FDRA type 0;
· RBG-based RIV for FDRA Type-1.

Proposal 16: For SCell dormancy indication and TCI state indication by DCI format 0_3/1_3, postpone the discussion of UE features until after the corresponding specifications are stable.

In addition, the following observations were made.
Observations
Observation 1: DCI format 1_0 is needed on the PCell for scheduling system information, RAR, and so on, and cannot be replaced with MC-DCI format 1_3.

Observation 2: Legacy SC-DCI formats are needed on both the reference cell and non-reference cells of a set of co-scheduled cells at least for: (i) activation/deactivation of SPS PDSCH and CG PUSCH, and (ii) non-restricted scheduling of PUSCH/PDSCH with fine resource granularity.

Observation 3: There are no new UE procedures or no impact to computational processing burden of UE due to MC-DCI format 0_3/1_3, as the associated BD/CCE is counted only on one reference cell and subject to Rel-17 limits.

Observation 4: The proposed UE capability in RAN1#112bis-e for support of only 1 (or 2) unicast DCI(s) per set of cells, regardless of SC-DCI or MC-DCI, is inferior to a legacy UE capability.

· The reason for such degraded UE capability is the assumption that that the UE cannot monitor both MC-DCI and legacy SC-DCI formats for a scheduled cell.

Observation 5: Regardless of where the scheduling cell is configured or which cell is the reference cell, the UE implementation procedure for control channel estimation and blind decoding of MC-DCI and SC-DCI is the same.

Observation 6: A UE capability based only on number of sets of cells and number of cells in each set results in under-reporting of the UE capability for multi-cell scheduling and limits the gNB configuration and scheduling.
· A full report of UE capability needs to also include a total number of cells across different sets of cells.

Observation 7: A UE capability for number of co-scheduled cells / sets of cells per PUCCH group or per primary/secondary PUCCH group results in under-reporting of the UE capability for multi-cell scheduling and limits the gNB configuration and scheduling.
· The UE capability is fully reflected when such report is across PUCCH groups.

Observation 8: A carrier type for an NR band (or a combination of carrier types for an NR band combinations) is fixed and known at the time of auction/allocation/deployment and cannot be changed by the gNB.
· So, reporting a supported carrier type (or carrier type combination) is redundant.

Observation 9: Common capability reporting is applicable to very few components and scenarios, and increases the complexity of FG definition.
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