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1. Background
The 1st objective of Rel-18 WI multi-carrier enhancements is to specify a solution for multi-cell scheduling with a single DCI [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



In this contribution we propose various aspects to finalize multi-cell PDSCH/PUSCH scheduling with a single DCI. 

2. Remaining issues
2.1	Multiple cell sets for multi-cell scheduling from a same scheduling cell
For multi-cell scheduling from a scheduling cell, RAN1 made following agreements.
	Agreement
Confirm the following working assumption reached in RAN1#110 meeting.
Working Assumption
· The maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 is 4.
· The maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 is 4.
· FFS: The maximum number of configurable cells for co-scheduling

Agreement
For monitoring PDCCH candidates for a set of cells which is configured for multi-cell scheduling, the n_CI in the search space equation is determined by a value configured for the set of cells by RRC signaling.



At the RAN1#110bis-e and RAN1#111 meetings, whether to support multiple sets of cells for multi-cell scheduling from a same scheduling cell was discussed. One option proposed by some companies is not to enable this – instead, using more than 1 scheduling cell for more than 4 scheduled cells. However, we believe this makes the feature not useful for one of the valid scenarios of multi-cell scheduling, i.e., FR1-FR2 CA. In some typical deployments, FR1-FR2 CA has one FR1 carrier and eight FR2 carriers in the same/different FR2 band(s). The option mentioned above does not work at all.

At the RAN1#110bis-e meeting, FL Proposal 2-6rev1 below was presented. At that time, the 1st bullet was agreed (as captured above), while no consensus was made on the 2nd bullet. We believe this is the most straightforward extension from legacy cross-carrier scheduling that was proved to work, even from LTE-Advanced era. We propose to adopt the 2nd bullet of the FL Proposal 2-6rev1.
	Proposal 2-6rev1:
· For monitoring PDCCH candidates for a set of cells which is configured for multi-cell scheduling, the n_CI in the search space equation is determined by a value configured for the set of cells. 
· The UE can be configured one or multiple sets of cells which are configured for multi-cell scheduling. 
· When multiple sets of cells are configured for multi-cell scheduling, separate n_CI values are configured for different sets of cells. 
· When multiple sets of cells are configured for multi-cell scheduling, a cell in one set of cells can’t be included in another set of cells.  
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Fig. 1	Multiple cell sets for multi-cell scheduling from a same scheduling cell

Same as for cross-carrier scheduling, CIF field should be included in the DCI format 0_X/1_X which is equal to the value of n_CI. This can avoid DCI confusion in case the DCI payload for different sets of scheduled cells is the same and search space sharing is enabled. 

Proposal 1: 
· A UE can be configured one or multiple sets of cells which are configured for multi-cell scheduling. 
· When multiple sets of cells are configured for multi-cell scheduling, separate n_CI values are configured for different sets of cells, and the UE monitors DCI format 0_X/1_X for the corresponding set of cells using the corresponding n_CI value. 
· When multiple sets of cells are configured for multi-cell scheduling, a cell in one set of cells can’t be included in another set of cells.

2.2	Dynamic DCI parsing based on the co-scheduled cell indicator in the DCI 
There has been a discussion on whether to introduce “co-scheduled cell indicator” in a DCI format 0_X/1_X that indicates which cell(s) of the cell-set configured for multi-cell scheduling is/are actually co-scheduled by each DCI format 0_X/1_X. The potential benefit of having the explicit co-scheduled cell indicator in the DCI format is to adjust how to read/parse the DCI payload based on which cell(s) is/are actually co-scheduled. For example, when the co-scheduled cell indicator field of the DCI format indicates all the cells are co-scheduled, the DCI format is parsed such that all the fields for all the co-scheduled cells are present in the DCI format as defined. When the co-scheduled cell indicator field of the DCI format 0_X/1_X indicates only one cell is scheduled, the DCI format is parsed such that the DCI format 0_X/1_X is a DCI format 0_1/0_2/1_1/1_2 for the one scheduled cell. Note that the total payload of the DCI format 0_X/1_X is semi-statically fixed, regardless of how many cells are actually co-scheduled by the DCI format 0_X/1_X, as illustrated in Fig. 2.
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Fig. 2	Dynamic DCI parsing based on the co-scheduled cell indicator in the DCI

However, the benefit of this proposal is unclear. It was already agreed to support monitoring DCI format 0_X/1_X and all legacy DCI formats for each scheduled cell in the scheduling cell simultaneously. NW can schedule PDSCH or PUSCH on a cell using either DCI format 0_X/1_X or a legacy DCI format anytime. Parsing DCI format 0_X/1_X as a legacy DCI format does not bring any benefit. When the co-scheduled cell indicator indicates scheduling of more than one but not all the cells in the set, it could be possible to optimize bitwidths of DCI fields under the fixed total DCI payload size, considering the fact that there could be unused bits in the DCI format 0_X/1_X for non-scheduled cells. However, this requires quite a bit of extra effort to complete the mechanism.

Even if co-scheduled cell indicator is not included in a DCI format 0_X/1_X, actual co-scheduled cell(s) can be identified by other already agreed fields. For example, FDRA field was agreed as Type-2 field. For a cell configured with FDRA Type 0, if the corresponding FDRA field for the cell has all 0s, it is clear that no RBG is scheduled on the cell. For a cell configured with FDRA Type 1, if the corresponding FDRA field for the cell has all 1s, there is no corresponding RIV and hence no RB is scheduled. As such, co-scheduled cell(s) can be identified by existing field of a DCI format 0_X/1_X.

Proposal 2: 
· Co-scheduled cell indicator is not supported for DCI format 0_X/1_X in Rel-18.

2.3	PDCCH monitoring adaptation based on SCell deactivation/dormancy
Dynamic DCI parsing based on co-scheduled cell indicator aims at adjusting DCI field presence/bitwidth based on the co-scheduled cell(s) for each DCI format, with a given fixed total DCI payload size. We pointed out issues/concerns of it in Section 2.2. However, we would like to note that DCI format adjustment based on SCell activation/deactivation and/or SCell BWP dormancy is affordable.

For example, FDRA field for a SCell is useless if the SCell is deactivated or dormant. Instead of repurposing such unused bits, it is possible to determine/adjust the DCI payload/fields of a DCI format 0_X/1_X based on SCell activation/deactivation and dormant/non-dormant BWPs, for multi-cell scheduling. The DCI payload/fields adjustment based on SCell activation/deactivation and dormant BWP switch takes advantage of the activation/deactivation or dormant BWP switching delay. The UE updates the DCI payload/fields using the time period necessary for activation/deactivation or dormant/non-dormant BWP-switch of SCell(s). In case when only one cell in the set of cells for DCI format 0_X/1_X is active/non-dormant, it is also possible for the UE to cease monitoring the DCI format 0_X/1_X for the set of cells.

Unlike dynamic DCI parsing based on the co-scheduled cell indicator in the DCI format presented in Section 2.2, this way offers clear benefits; (1) total DCI payload size adjustment for overhead reduction and (2) power saving by stopping DCI format 0_X/1_X monitoring when only one cell is active/non-dormant.
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Fig. 3	PDCCH monitoring adaptation based on SCell deactivation/dormancy

Based on the above, we propose following:
Proposal 3:
· Support DCI format 0_X/1_X payload/fields adjustment based on SCell activation/deactivation and dormant/non-dormant BWP-switch
· When all the cells in the set of cells is active and non-dormant, the UE monitors DCI format 0_X/1_X identified for all the cells in the set of cells. The DCI format 0_X/1_X includes all the necessary fields for all the set of cells in the set of cells.
· When one or some of the SCell(s) in the set of cells is deactivated or dormancy, the DCI format 0_X/1_X payload/fields are adjusted based on active and non-dormant cells in the set of cells. 
· When only one cell in the set of cells for a DCI format 0_X/1_X is active and non-dormant, monitoring the DCI format 0_X/1_X can be stopped.
· DCI format 0_X/1_X payload/fields is adjusted during the time period for SCell activation/deactivation or SCell dormant/non-dormant BWP-switch
· During the period, the UE is not required to monitor the DCI format 0_X/1_X.

2.4	Dynamic switch of scheduling cell for a scheduled cell
Multi-cell scheduling has to accommodate all the necessary scheduling information for all the co-scheduled cells into a limited DCI payload (<= 140 bits) and hence, compared to legacy single-cell scheduling that has each DCI format for each scheduled cell, the DCI can convey coarser scheduling information, in principle. In other words, a DCI format 0_X/1_X for multi-cell scheduling loses a certain scheduling flexibility/information. This loss of scheduling flexibility may cause additional burden to the BS scheduler or may cause degradation of spectral efficiency. In addition, DCI format 0_X/1_X would typically has larger payload than legacy DCI format(s) and hence, PDCCH link-budget maybe degraded as well. 

One possible option to address these issues is to support a UE monitoring both a DCI format 0_X/1_X for a set of scheduled cells and legacy DCI formats for each of all the cells in the set as presented in Section 2.4. However, this requires additional UE complexity. For a given scheduled cell, the UE has to accommodate larger number of PDCCH BDs/CCEs/DCI-sizes. Although per-SCS BD/CCE limits are capped by the value of pdcch-BlindDetectionCA, such increase impacts on the UE implementation. This issue has been explained in Section 2.4.

In addition, “monitoring both a DCI format 0_X/1_X for a set of scheduled cells and legacy DCI formats for each of all the cells in the set” is not a fundamental solution for CA with scheduling cell using a lower SCS and scheduled cells using a higher SCS. The scenarios include (1) FR1-FR2 CA with scheduling from FR1 cell to FR2 cells, (2) FR1 CA with scheduling cell on licensed spectrum to scheduled cells on unlicensed spectrum. Due to the difference of slot lengths, to achieve peak data rate in such scenarios, the UE would be demanded/required to support either (i) processing X unicast DCIs per scheduled CC (e.g., FG18-5c/18-5d) and/or (ii) span-based PDCCH monitoring (e.g., FG 3-5b/11-2). Examples when SCS of scheduled cell is 4 times higher than that of scheduling cell are illustrated in Fig. 3. Requiring these features, in addition to the support of multi-cell scheduling with the increased BDs/CCEs/DCI-sizes for a scheduled cell as presented in Section 2.4, makes support of the scenarios being quite challenging.
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(a) Processing 4 unicast DCIs	 			(b) Monitoring PDCCH in 4 spans per slot
Fig. 3	Multi-carrier scheduling with different numerologies between scheduling and scheduled cells

We propose to introduce dynamic switch/fallback from multi-cell scheduling to legacy self-scheduling as a simpler solution to address this. NW configures CORESETs/search space sets for PDCCH monitoring on multiple scheduling cells for a given scheduled cell(s) and indicates one of the scheduling cells via dynamic signalling such as DCI/MAC-CE. This can be enabled as follows:
· Currently, for a serving cell, if crossCarrierSchedulingConfig is not configured, PDCCH is monitored on the cell, and if it is configured, PDCCH is monitored on the cell if schedulingCellInfo = own and is monitored on the other cell if schedulingCellInfo = other. This should be changed such that more than one scheduling cells can be configured for a serving cell, e.g., change from CHOICE to SEQUENCE. Details should be up to RAN2.
· Currently, SSSG switching or BWP switching enables to switch PDCCH monitoring behavior for a serving cell. This can be extended such that the UE switches the scheduling cell, as well as PDCCH monitoring behavior, for a serving cell. For example, joint SSSG switching indication for multiple scheduling cells can simply enable this.
The image is illustrated in Fig. 4. 
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Fig. 4	Switch/fallback from multi-cell scheduling to self-scheduling.

The substantial benefits of are following:
· High scheduling flexibility. Whenever the network wants to use legacy DCI format for each of the scheduled cell, the network can let UE to fallback to legacy CA operation using self-scheduling, same as for the other legacy UEs.
· Less UE complexity. A UE is not required to support advanced features for cross-carrier/multi-carrier scheduling with different numerologies, for achieving peak data rate.
· UE power-saving. As long as data traffic demand is low/medium, PDCCH monitoring can be kept on a cell with lower SCS. Since the UE is not required to monitor PDCCH on many cells, this can save the UE energy consumption.

Proposal 4:
· Support dynamic indication of scheduling cell(s)
· Enable configuration of more than one scheduling cells for a scheduled cell
· Enable switch/fallback from multi-cell scheduling to legacy self-scheduling dynamically
· Extend SSSG switching or BWP switching to enable this

2.5	Ensuring “3+1” DCI size budget
It was agreed at the RAN1#111 meeting that 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, where the DCI size(s) of DCI format 0_X/1_X for the set of cells is counted on the particular reference cell.
	Agreement
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.
· FFS which cell 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.
· FFS which cell 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 Ssearch space of DCI format 0_X/1_X is configured on one cell of the set of cells 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.
· FFS It is up to gNB on which cell the SS of the DCI format 0_X/1_X is configured on.
· FFS: How tTo 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




In today’s NR, according to TS38.212 7.3.1.0, a UE does not expect to handle a configuration that the total number of different DCI sizes with C-RNTI configured to monitor is more than 3 for the cell. In case the number of different DCI sizes with C-RNTI would exceed 3 for a cell, DCI size alignment procedure runs to reduce the number of sizes for the cell.

In Rel-18, according to the previous agreements, a UE may need to monitor DCI formats 0_0/1_0, 0_1/1_1, 0_2/1_2, and 0_X/1_X for a serving cell. In order to keep the existing DCI size budget per cell, DCI size alignment procedure needs to be updated. Following is one approach for this (underlined steps are new steps for DCI format 0_X/1_X):
· Steps 0, 1, 2, and 2A: same as legacy
· Step 2B (after Step 2A): UE determines the sizes of DCI formats 0_X and 1_X
· Step 3: same as legacy
· Step 4A-0 (before Step 4A): 
· If the number of information bits in the DCI format 0_X prior to padding is less than the payload size of the DCI format 1_X counted on the same reference cell, a number of zero padding bits are generated for the DCI format 0_X until the payload size equals that of the DCI format 1_X.
· If the number of information bits in the DCI format 1_X prior to padding is less than the payload size of the DCI format 0_X counted on the same reference cell, a number of zero padding bits are generated for the DCI format 1_X until the payload size equals that of the DCI format 0_X.
· Steps 4A, 4B, 4C: same as legacy
· Step 4D (after Step 4C):
· If the number of information bits in the DCI format 0_X/1_X after Step 4A-0 is less than the payload size of the DCI format 1_1/0_1 after Step 4C counted on the reference cell, a number of zero padding bits are generated for the DCI format 0_X/1_X until the payload size equals that of the DCI format 1_1/0_1.
· If the number of information bits in the DCI format 0_1/1_1 after Step 4C counted on the reference cell is less than the payload size of the DCI format 1_X/0_X after Step 4A-0 counted on the reference cell, a number of zero padding bits are generated for the DCI format 0_1/1_1 until the payload size equals that of the DCI format 1_X/0_X.
Although this is a simple solution, the legacy DCI formats 0_1 and 1_1 could be oversized due to matching with DCI format 0_X/1_X if Step 4D is carried out. However, we do not think this is an issue; it is quite extreme assumption and should not be a typical case that a UE has to monitor such a number of DCI formats with C-RNTI on one cell. 

Note that after Step 4D, DCI format 0_1/1_1 and DCI format 0_X/1_X would have the same size. There must be a way for the UE to distinguish them, e.g., non-overlapped candidates, different CIF/nCI values, etc. If there is a case where a UE cannot distinguish DCI format 0_1/1_1 and DCI format 0_X/1_X on the reference cell, the UE behavior can be undefined.

Proposal 5:
· Update the DCI size alignment procedure in TS 38.212 7.3.1.0 to accommodate DCI format 0_X/1_X as follows:
· Steps 0, 1, 2, and 2A: same as legacy
· Step 2B (after Step 2A): UE determines the sizes of the DCI formats 0_X and 1_X
· Step 3: same as legacy
· Step 4A-0 (before Step 4A): 
· If the number of information bits in the DCI format 0_X prior to padding is less than the payload size of the DCI format 1_X counted on the same reference cell, a number of zero padding bits are generated for the DCI format 0_X until the payload size equals that of the DCI format 1_X.
· If the number of information bits in the DCI format 1_X prior to padding is less than the payload size of the DCI format 0_X counted on the same reference cell, a number of zero padding bits are generated for the DCI format 1_X until the payload size equals that of the DCI format 0_X.
· Steps 4A, 4B, 4C: same as legacy
· Step 4D (after Step 4C):
· If the number of information bits in the DCI format 0_X/1_X after Step 4A-0 is less than the payload size of the DCI format 1_1/0_1 after Step 4C counted on the reference cell, a number of zero padding bits are generated for the DCI format 0_X/1_X until the payload size equals that of the DCI format 1_1/0_1.
· If the number of information bits in the DCI format 0_1/1_1 after Step 4C counted on the reference cell is less than the payload size of the DCI format 1_X/0_X after Step 4A-0 counted on the reference cell, a number of zero padding bits are generated for the DCI format 0_1/1_1 until the payload size equals that of the DCI format 1_X/0_X.

3. DCI fields of DCI formats 0_X and 1_X
Detailed DCI fields of DCI formats 0_X and 1_X have been discussed in the previous meetings.
	Agreement
The types for below fields in DCI format 1_X are listed (R1-2212924):
	Field 
	Type
	Details
(for information only)

	HARQ process number
	Type 2
	Details in Section 7.1.1

	MCS 
	Alt 1: Type 2 (without compression)


	Details in Section 7.1.2

	BWP indicator
	Type 1A
	Details in Section 7.1.3

	FDRA
	Type 2 
· Further consider larger RBG granularity than existing maximum specified or configured value for RA type 0 
· Use large RBG-based RIV for RA type 1 based on R16 configurable granularities for DCI format 1_2
	Details in Section 7.1.4

	VRB-to-PRB mapping
	Type 1A
	Details in Section 7.1.5

	PRB bundling size indicator
	Type 1A
	Details in Section 7.1.6

	Rate matching indicator
	Type 1B (up to 4 bits)
	Details in Section 7.1.7

	ZP CSI-RS trigger
	Type 1B (up to 3 bits)
	Details in Section 7.1.8

	Antenna port(s)
	Configurable between Type 1A and Type 2
	Details in Section 7.1.9

	TCI
	Type 1B (up to 4 bits)
	Details in Section 7.1.10

	DMRS sequence initialization
	Type 1A
	Details in Section 7.1.11

	SRS request
	Type 1B (up to 4 bits)
	Details in Section 7.1.12

	SRS offset indicator
	Type 1B (up to 3 bits)
	Details in Section 7.1.13


This does not imply that payload of DCI can be larger than what is supported for polar code in Rel-17.
FFS: Details

Agreement
· The types for below fields in DCI format 0_X are listed:
	Field 
	Type
	Details
(for information only)

	HARQ process number
	Type 2
	Details in Section 7.2.1

	MCS 
	Alt 1: Type 2 (without compression)


	Details in Section 7.2.2

	BWP indicator
	Type 1A
	Details in Section 7.2.3

	FDRA
	Type 2 
· Further consider larger RBG granularity than existing maximum specified or configured value for RA type 0 
· Use large RBG-based RIV for RA type 1 based on R16 configurable granularities for DCI format 1_2
	Details in Section 7.2.4

	Frequency hopping flag
	Type 1A
	Details in Section 7.2.5

	TPC command for scheduled PUSCH
	Type 2
	Details in Section 7.2.6

	Open-loop power control parameter set indication
	Type 1A
	Details in Section 7.2.7

	Antenna port(s)
	Configurable between Type 1A and Type-2
	Details in Section 7.2.8

	Precoding information and number of layers
	Configurable between Type 1A and Type-2
	Details in Section 7.2.9

	PTRS-DMRS association
	Type 2
	Details in Section 7.2.10

	DMRS sequence initialization
	Type 1A
	Details in Section 7.2.11

	SRS request
	Type 1B (up to 4 bits)
	Details in Section 7.2.12

	SRS resource indicator
	Configurable between Type 1A and Type-2
	Details in Section 7.2.13

	SRS offset indicator
	Type 1B (up to 3 bits)
	Details in Section 7.2.14

	UL/SUL indicator
	FFS

	Details in Section 7.2.15


This does not imply that payload of DCI can be larger than what is supported for polar code in Rel-17.
FFS: Details

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

Agreement
For DCI format 1_X/0_X, Type-1 fields at least include the following:
· Priority indicator
· Indicator of co-scheduled cells
· beta offset indicator
· CSI request
· UL-SCH indicator
· FFS: ChannelAccess-CPext

Agreement
For DCI format 1_X/0_X, 
· Type-1 fields at least include below:
· ChannelAccess-Cpext
· TDRA

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

Agreement
At least the following fields are excluded from DCI format 1_X/0_X:
· CBGTI
· CBGFI
· PDSCH group index
· New feedback indicator
· Number of requested PDSCH group(s)
· Sidelink assignment index
· Second TPC command for scheduled PUSCH 
· Second SRS resource indicator 
· Second Precoding information 
· Second PTRS-DMRS association 
· Second TPC command for scheduled PUCCH 




In this section we propose further details, including necessary RRC parameters, below.

3.1	Type-2 fields
MCS (5 bits per cell)
MCS field was agreed as type-2 field without compression. A DCI format 0_X/1_X has 5 bits for each of the cell in the set of cells configured for the DCI format 0_X/1_X. MCS-table for each cell should be configurable by RRC. This can be enabled by introducing mcs-TableDCI-1-X = {qam256, qam64LowSE, qam1024} for PDSCH-Config of DL BWP for each cell and mcs-TableDCI-0-X = {qam256, qam64LowSE} for PUSCH-Config of UL BWP for each cell.

HPN (0 – 4 bits per cell)
HPN field is 4 bits for DCI format 0_1/1_1 but is variable between 0 to 4 bits for DCI format 0_2/1_2 based on RRC parameter, harq-ProcessNumberSizeDCI-0-2 or harq-ProcessNumberSizeDCI-1-2. Similar parameters can be defined for DCI format 0_X/1_X to enable DCI size adjustment, e.g., harq-ProcessNumberSizeDCI-0-X / harq-ProcessNumberSizeDCI-1-X for PUSCH-Config of UL BWP / PDSCH-Config of DL BWP for each cell.

RV (0 – 2 bits per TB per cell)
RV field is 2 bits per TB for DCI format 0_1/1_1 but is variable between 0 to 2 bits for DCI format 0_2/1_2 based on RRC parameter, numberOfBitsForRV-DCI-0-2 or numberOfBitsForRV-DCI-1-2. Similar parameters can be defined for DCI format 0_X/1_X to enable DCI size adjustment, e.g., numberOfBitsForRV-DCI-0-X / numberOfBitsForRV-DCI-1-X for PUSCH-Config of UL BWP / PDSCH-Config of DL BWP for each cell.

NDI (1 bit per TB per cell)
NDI field is 1 bit per TB for all the legacy DCI formats. Since it is not possible to compress the field further, optimization/configurability is not necessary.

TPC for PUSCH (2 bits per cell)
TPC command for PUSCH is 2 bits for all the legacy UL DCI formats. Since it is not possible to compress the field further, optimization/configurability is not necessary.

PTRS-DMRS association (0 or 2 bits per cell)
PTRS-DMRS association field is 0 or 2 bits for legacy DCI formats, depending on presence of PTRS-UplinkConfig, whether the transform precoder is enabled/disabled, and/or the value of maxRank, for PUSCH-Config of UL BWP. For DCI format 0_X, the number of bits for PTRS-DMRS association for each cell can be determined in the same way as for legacy DCI formats.

FDRA
FDRA was agreed as type-2 with possible compression for RA type 0. For RA type 0, NR supports two configurations of RBG sizes per BWP size. With the configuration 2, number of bits for FDRA for a cell can be limited to 10 for BWP size of < 145 RBs. However, for >= 145 RBs, more than 10 bits per cell is necessary. This is because RBG size is fixed to 16 for >= 145 RBs even for configuration 2. For a cell with 100MHz with SCS 30kHz, this requires 19 bits for FDRA per cell. For a DCI format 0_X/1_X configured to schedule up to 4 cells, total payload for FDRA goes up to 19 x 4 = 76 bits. For a DCI format 0_X/1_X for a cell with BWP size of >= 145 RBs, larger RBG size, e.g., RBG size of 32, is desirable. With this, total payload for FDRA is limited to up to 40 bits, which is still large but would be manageable.
So far, RBG size is configured by RRC parameter rbg-Size in PUSCH-Config of UL BWP / PDSCH-Config of DL BWP for each cell, which applies to any legacy non-fallback DCI formats. Simple solution is to update Table 5.1.2.2.1-1 and Table 6.1.2.2.1-1 of TS 38.214 as follows.
	Bandwidth Part Size
	Configuration 1
	Configuration 2

	1 – 36
	2
	4

	37 – 72
	4
	8

	72 – 144 
	8
	16

	145 – 275 
	16
	32, if scheduled by DCI format 0_X/1_X
16, otherwise



Proposal 6:
· Introduce necessary RRC parameters for the following Type-2 fields:
· For MCS:
· mcs-TableDCI-0-X for PUSCH-Config of UL BWP for each cell
· mcs-TableDCI-1-X for PDSCH-Config of DL BWP for each cell
· For HPN:
· harq-ProcessNumberSizeDCI-0-X for PUSCH-Config of UL BWP for each cell
· harq-ProcessNumberSizeDCI-1-X for PDSCH-Config of DL BWP for each cell
· For RV:
· numberOfBitsForRV-DCI-0-X for PUSCH-Config of UL BWP for each cell
· numberOfBitsForRV-DCI-1-X for PDSCH-Config of DL BWP for each cell
· For FDRA Type-0:
· Support RBG size of 32 for BWP size of equal to or larger than 145
· This is for the case where rbg-Size in PUSCH-Config or PDSCH-Config is set to ‘config 2’

3.2	Type-1B fields
Rate matching indicator (up to 4 bits)
For legacy DCI formats, rate matching indicator field is up to 2 bits, where each bit of the field indicates whether rate-match applies based on the corresponding rate-match pattern group. In other words, one of four states, (1) no RM, (2) RM based on group 1, (3) RM based on group 2, and (4) RM based on both group 1 and group 2, can be indicated. Moreover, for the legacy DCI formats, {RM pattern group 1, RM pattern group 2} can be different for PDSCHs scheduled by DCI format 1_1 and DCI format 1_2. The relevant RRC parameters in PDSCH-Config of DL BWP for a cell are as follows.
	rateMatchPatternGroup1		RateMatchPatternGroup
rateMatchPatternGroup2		RateMatchPatternGroup
rateMatchPatternGroup1DCI-1-2-r16	RateMatchPatternGroup
rateMatchPatternGroup2DCI-1-2-r16	RateMatchPatternGroup

RateMatchPatternGroup 		SEQUENCE (SIZE (1..maxNrofRateMatchPatterngPerGroup)) OF CHOICE {
	cellLevel		RateMatchPatternId,
	bwpLevel		RateMatchPatternId
}


For DCI format 1_X, it is desirable to enable similar flexibility as for legacy DCI formats. To this aim, we propose the following:
· For PDSCH-Config of DL BWP of each cell,
· Introduce two RRC parameters, e.g., rateMatchPatternGroup1DCI-1-X-r18 and rateMatchPatternGroup2DCI-1-X-r18, to configure RM pattern group 1 or 2 for PDSCH scheduled by DCI format 1_X on the cell
· Introduce an RRC parameter that is a list of up to 16 entries, where each entry has a value from (0, 1, 2, 3). The n-th codepoint of the RM indicator field of DCI format 1_X corresponds to the n-th entry of the list. 
· If the RM indicator field of a DCI format 1_X indicates the n-th codepoint, the UE checks the value of the n-th entry of the list in the PDSCH-Config of each cell and determine the RM patterns according to the value of the n-th entry and the following table.
	The value of an entry 
	RM

	0
	No-RM

	1
	RM according to rateMatchGroup1DCI-1-X-r18

	2
	RM according to rateMatchGroup2DCI-1-X-r18

	3
	RM according to rateMatchGroup1DCI-1-X-r18 and rateMatchGroup2DCI-1-X-r18



ZP CSI-RS trigger (up to 3 bits)
For legacy DCI formats, ZP CSI-RS trigger field has 2 bits and each codepoint triggers a ZP-CSI-RS resource set with a particular ID. For DCI format 1_X, similar solution as for rate matching indicator works for this case. Unlike rate matching indicator, the legacy ZP CSI-RS trigger field indicates ‘no trigger’, ‘trigger ZP CSI-RS set with ID = 1’, ‘trigger ZP-CSI-RS set with ID = 2’, or ‘trigger ZP CSI-RS set with ID = 3’, by the four codepoints of the 2 bits. Taking this into account, the handling of this field can be as follows.
· For PDSCH-Config of DL BWP of each cell,
· Introduce an RRC parameter that is a list of up to 8 entries, where each entry has a value from (0, 1, 2, 3). The n-th codepoint of the ZP CSI-RS trigger field of DCI format 1_X corresponds to the n-th entry of the list. 
· If the ZP CSI-RS trigger field of a DCI format 1_X indicates the n-th codepoint, the UE checks the value of the n-th entry of the list in the PDSCH-Config of each cell and determine the ZP CSI-RS resource set to apply, according to the value of the n-th entry and the following table.
	The value of an entry 
	ZP CSI-RS resource set

	0
	No ZP CSI-RS resource set is triggered

	1
	ZP CSI-RS resource set with ID = 1 is triggered

	2
	ZP CSI-RS resource set with ID = 2 is triggered

	3
	ZP CSI-RS resource set with ID = 3 is triggered



SRS request (up to 4 bits)
This can be enabled by the same approach as for rate-matching indicator and ZP CSI-RS trigger. Since SRS resource set is configured in SRS-Config of UL BWP of each cell, the new list parameter for each cell should be defined under the SRS-Config of UL BWP of each cell.
· For SRS-Config of UL BWP of each cell,
· Introduce an RRC parameter that is a list of up to 16 entries, where each entry has a value from (0, 1, 2, 3). The n-th codepoint of the SRS request field of DCI format 0_X/1_X corresponds to the n-th entry of the list. 
· If the SRS request field of a DCI format 0_X/1_X indicates the n-th codepoint, the UE checks the value of the n-th entry of of the list in the SRS-Config of each cell and determine the SRS resource set to apply, according to the value of the n-th entry and the following table.
	The value of an entry
	SRS resource set

	0
	No SRS resource set is triggered

	1
	SRS resource set configured by SRS-ResourceSet with the parameter aperiodicSRS-ResourceTrigger = 1 or aperiodicSRS-ResourceTriggerList = 1

	2
	SRS resource set configured by SRS-ResourceSet with the parameter aperiodicSRS-ResourceTrigger = 2 or aperiodicSRS-ResourceTriggerList = 2

	3
	SRS resource set configured by SRS-ResourceSet with the parameter aperiodicSRS-ResourceTrigger = 3 or aperiodicSRS-ResourceTriggerList = 3



SRS offset indicator (up to 3 bits)
This can be enabled by the same approach as for SRS request as follows.
· For SRS-Config of UL BWP of each cell,
· Introduce an RRC parameter that is a list of up to 8 entries, where each entry has a value from (0, 1, 2, 3). The n-th codepoint of the SRS offset indicator field of DCI format 0_X/1_X corresponds to the n-th entry of the list. 
· If the SRS offset indicator field of a DCI format 0_X/1_X indicates the n-th codepoint, the UE checks the value of the n-th entry of the list in the SRS-Config of each cell and determine the SRS resource set to apply, according to the value of the n-th entry and the following table.
	The value of an entry
	SRS offset

	0
	The 1st entry in AvailableSlotOffsetList, if configured for aperiodic SRS resource set; 
0 otherwise

	1
	The 2nd entry in AvailableSlotOffsetList, if configured for aperiodic SRS resource set; 
0 otherwise

	2
	The 3rd entry in AvailableSlotOffsetList, if configured for aperiodic SRS resource set; 
0 otherwise

	3
	The 4th entry in AvailableSlotOffsetList, if configured for aperiodic SRS resource set; 
0 otherwise



TCI-state (up to 4 bits)
When tci-PresentInDCI is set as ‘enabled’ for the CORESET, or tci-PresentDCI-1-2 is configured for the CORESET, a UE with activated TCI-states receives DCI format 1_1/1_2 providing indicated TCI-state for a CC or all CCs in the configured CC list. For DCI format 1_1/1_2, mapping between a codepoint of the field and the indicated TCI-state can change based on the TCI-state activation by MAC-CE. More specifically, the codepoints of the TCI state field are mapped to the active TCI-states, not to the configured TCI-states, and can change dynamically based on the MAC-CE indication. 
For DCI format 1_X, given the fact that TCI-state is Type-1B (common field for multiple cells), such a ‘dynamic mapping between codepoints and active TCI-states’ would be unrealistic. Considering that the TCI-state in DCI format 1_X has 4 bits = 16 states, it would be OK to map the codepoints to the configured TCI-states. With this understanding, it would be straightforward to take the same approach as the other above Type-1B fields.
· For PDSCH-Config of DL BWP of each cell,
· Introduce an RRC parameter that is a list of up to 16 entries, where each entry has a value from (0, 1, …, 128). The n-th codepoint of the TCI-state field of DCI format 1_X corresponds to the n-th entry of the list. 
· If the TCI-state field of a DCI format 1_X indicates the n-th codepoint, the UE checks the value of the n-th entry of the list in the PDSCH-Config of each cell and determine the TCI-state to apply, according to the value of the n-th entry.
Note that, unlike legacy TCI state field, this way causes cases where the TCI-state field indicates non-active TCI state for a certain cell. Specification needs to be clear what to do in this case, e.g., UE consider the grant is invalid for the cell and does not receive the PDSCH on the cell.

Proposal 7:
· For Type-1B fields, introduce a RRC parameter that is a list of N entries for each cell (or for each BWP of each cell) that tells the mapping b/w a codepoint of the field and the indicated value for each cell
· The n-th codepoint of the field corresponds to the n-th entry of the list parameter for the cell
· In the n-th entry, a value is provided, where the value indicates {RM pattern group(s), ZP CSI-RS resource set, SRS resource set, SRS offset, TCI-state} for the cell
· See detailed procedure in Section 3.2 of this contribution

3.3	Type-1A fields
BWP indicator (up to 2 bits)
The UE BWP indicator was agreed as Type-1A field as follows:
· Field size is 0, 1, or 2 bits based on maximum size of this field in legacy formats across cells in the set configured for the DCI format 0_X/1_X
· Indication is applied to cell(s) having 1 or 2 bits for this field in legacy formats
· Indicated bit is interpreted independently for each cell based on the BWP indices for the corresponding cell
Currently, interpretation of BWP indicator depends on the number of BWPs configured for the cell. In particular, following is the rule of how to interpret the BWP indicator:
· The BWP indicator has  bits, where;
· nBWP = nBWP,RRC + 1 if nBWP,RRC <= 3, BWP indicator is equivalent to the ascending order of the higher layer parameter BWP-Id;
· Otherwise, nBWP = nBWP,RRC and the BWP indicator is defined in Table 7.3.1.1.2-1;
With this, if cell-1 has one UE-specific BWP and cell-2 has four UE-specific BWPs and if the UE is configured with multi-cell scheduling for cell-1 and cell-2 by a DCI format 0_X/1_X with BWP-switching, the BWP indicator field interpretation becomes following: The field value ‘00’ indicates BWP#0 for cell-1 and UE-specific BWP#1 for cell-2, while the value ‘01’ indicates UE-specific BWP#1 for cell-1 and UE-specific BWP#2 for cell-2, as shown in the Table below. Note that the number of UE-specific BWPs is dependent on per-band UE capabilities and hence, this is a valid issue especially for inter-band CA.
	BWP indicator field
	Cell 1
	Cell 2

	00
	BWP #0
	BWP with BWP-id = 1

	01
	BWP with BWP-id = 1
	BWP with BWP-id = 2

	10
	BWP with BWP-id = 2
	BWP with BWP-id = 3

	11
	
	BWP with BWP-id = 4


For the BWP indicator, we propose to adopt the same approach as for the other Type-1B fields, i.e., introduce a list parameter that provides the mapping between the codepoints and the BWPs. This enables flexible indication of the BWPs for multi-cell scheduling. Having one additional list parameter in the RRC signalling is not an additional cost.
Another simple solution is to use Table 7.3.1.1.2-1 for all the cells, regardless of the number of BWPs. In the example shown by the above Table, codepoint ‘00’ indicates BWP with ID=1 for both cells, ‘01’ indicates BWP with ID=2 for both cells. By this way, it is possible to simply map a codepoint to the BWP having the same BWP-ID for all the cells. This solution disables indicating BWP#0 even when the number of BWPs is small for a cell. However, this is better than the case shown in the above Table.

DMRS sequence initialization (1 bit)
For DCI format 0_1, DMRS sequence initialization field is 0 bit if transform precoder is enabled and 1 bit otherwise. For DCI format 0_2, DMRS sequence initialization field is 0 bit if dmrs-SequenceInitializationDCI-0-2 is not configured or transform precoder is enabled, and 1 bit otherwise. For For DCI format 0_X for a set of cells, the UE checks whether there is a cell in the set enabling the field for DCI format 0_1 or 0_2, and if there is, the DCI format 0_X for the set of cells has 1 bit DMRS sequence initialization. For a cell where DMRS sequence initialization is enabled for uplink, the usage of the 1 bit DMRS sequence initialization has no ambiguity.
For DCI format 1_1, DMRS sequence initialization field is always 1 bit. Therefore, DMRS sequence initialization field of DCI format 1_X is always present. For a cell where DMRS sequence initialization is enabled for downlink, the usage of the 1 bit DMRS sequence initialization has no ambiguity.

VRB-to-PRB (0 or 1 bit)
For DCI format 1_1, the field is enabled/disabled by RRC parameter vrb-ToPRB-Interleaver. For DCI format 1_2, the field is enabled/disabled by RRC parameter vrb-ToPRB-InterleaverDCI-1-2-r16. Similar to DMRS sequence initialization, there is no ambiguity on whether VRB-to-PRB field is enabled/disabled in DCI format 1_X for a set of cells.
However, for VRB-to-PRB interleaver, interleaving unit is configurable between 2 and 4 PRBs for each of DCI format 1_1 and DCI format 1_2 for a given cell. For a cell in a set of cells, it is possible that interleaving unit is 2 PRBs for DCI format 1_1 and 4 PRBs for DCI format 1_2. Following the existing approach, it would make sense to specify a new RRC parameter indicating interleaving unit for PDSCH scheduled by DCI format 1_X on the cell. For example, for PDSCH-Config of DL BWP of each cell, a new RRC parameter to configure {n2, n4}, e.g., vrb-ToPRB-InterleaverDCI-1-X-r18, for DCI format 1_X can be introduced.

FH flag (0 or 1 bit)
For PUSCH scheduled by DCI format 0_0/0_1 and PUSCH scheduled by DCI format 0_2, frequency hopping is enabled by separate parameter. In addition, PUSCH repetition Type-A/B is configurable separately for PUSCH scheduled by DCI format 0_0/0_1/0_2.
   frequencyHopping				ENUMERATED {intraSlot, interSlot}
   frequencyHoppingDCI-0-1-r16			ENUMERATED {interRepetition, interSlot}
   frequencyHoppingDCI-0-2-r16			CHOICE {
	pusch-RepTypeA			ENUMERATED {intraSlot, interSlot},
	pusch-RepTypeB			ENUMERATED {interRepetition, interSlot}
   }
First of all, it does not make sense to consider that one cell is configured with PUSCH repetition Type-A and another cell is configured with PUSCH repetition Type-B for the same DCI format 0_X, given the fact that FH flag and TDRA field are Type-1 fields. It should be clear that for PUSCHs scheduled by a DCI format 0_X, PUSCH repetition Type-B should be either (1) not configured for any of the cells in the set, or (2) configured for all the cells in the set. With this clarification, the issue gets simpler: similar to VRB-to-PRB interleaver, it is necessary to clarify either inter-repetition or inter-slot for PUSCH repetition Type-B, and either intra-slot or inter-slot for all other cases. This can be enabled by introducing following:
   frequencyHoppingDCI-0-X-r18			CHOICE {
	pusch-RepTypeA			ENUMERATED {intraSlot, interSlot},
	pusch-RepTypeB			ENUMERATED {interRepetition, interSlot}
   }

PRB bundling size (0 or 1 bit)
The field enabling/disabling is based on separate parameters for DCI format 1_1 and DCI format 1_2. However, if it the field is enabled, multiple bundling sizes are specified and selection is based on the RRC configuration. This is pretty much same as for VRB-to-PRB interleaver. Therefore, the same approach can be taken for DCI format 1_X. That is to introduce a new RRC parameter indicating one from {n4, wideband, n2-wideband, n4-wideband} for a PDSCH scheduled by DCI format 1_X when the PRB bundling size field exist.
   prb-BundlingTypeDCI-1-X-r18		CHOICE {
	dynamicBundling		SEQUENCE {
		bundleSizeSet1		ENUMERATED {n4, wideband, n2-wideband, n4-wideband}
		bundleSizeSet2		ENUMERATED {n4, wideband}
	}
   }

OLPC parameter set indication (up to 2 bits)
For DCI formats 0_1 and 0_2 for a cell, the field is enabled/disabled commonly by a RRC parameter p0-PUSCH-SetList-r16 in PUSCH-Config of UL BWP of the cell. The number of bits of the OLPC parameter set indication depends on whether SRI field is present and how olpc-ParameterSet is configured as follows:
· If SRI field is present in the DCI format, the field is 1 bit
· When the field is ‘1’, the UE obtains P0-PUSCH from a first value in P0-PUSCH-Set with a P0-PUSCH-SetID value mapped to the SIR field value
· If SRI field is not present in the DCI format, 
· The field is {1 or 2} bit for DCI format 0_1 according to olpc-ParameterSetDCI-0-1-r16
· The field is {1 or 2} bit for DCI format 0_2 according to olpc-ParameterSetDCI-0-2-r16
· When the field is ‘0’ or ‘00’, the UE obtains P0-PUSCH from a first P0-PUSCH-AlphaSet in P0-AlphaSets
· When the field is ‘1’ or ‘01’, the UE obtains a first value in P0-PUSCH-Set with the lowest P0-PUSCH-SetID value
· When the field is ‘10’, the UE obtains a second value in P0-PUSCH-Set with the lowest P0-PUSCH-SetID value
For OLPC parameter set indication field in a DCI format 0_X, SRI field is either Type-1A or Type-2 based on RRC configuration. The OLPC parameter set indication field bitwidth and usage should depend on the SRI field in the DCI format 0_X. If the OLPC parameter set indication field is Type-1A, the bitwidth has to depend on the SRI field configuration of the legacy DCI formats, which must be unreasonable. It would be good to revise that the OLPC parameter set indication follows SRI field (configurable between Type-1A and Type-2). 

Proposal 8:
· For BWP indicator, adopt either of the following options:
· Opt.1: Introduce list parameter for each cell, similar to the proposal 7 for Type-1B
· An RRC parameter that is a list of up to 4 entries, where each entry has a value from (1, 2, 3, 4). The n-th codepoint of the BWP indicator field of DCI format 0_X/1_X corresponds to the n-th entry of the list. 
· If the BWP indicator field of a DCI format 0_X/1_X indicates the n-th codepoint, the UE checks the value of the n-th entry of the list in the serving cell configuration each cell and determine the BWP to switch, according to the value of the n-th entry.
· Opt.2: For DCI format 0_X/1_X, the association between codepoints of BWP indicator field and BWPs for each cell is always based on Table 7.3.1.1.2-1
· For VRB-to-PRB, introduce vrb-ToPRB-InterleaverDCI-1-X-r18 in PDSCH-Config for DL BWP of each cell
· For FH flag, introduce frequencyHoppingDCI-0-X-r18 in PUSCH-Config for UL BWP of each cell
· For PUSCHs scheduled by a DCI format 0_X, PUSCH repetition Type-B should be either (1) not configured for any of the cells in the set, or (2) configured for all the cells in the set
· For PRB bundling size, introduce prb-BundlingTypeDCI-1-X-r18 in PDSCH-Config for DL BWP of each cell
· For OLPC parameter set indication, consider to revisit this as “configurable between Type-1A and Type-2” based on the configuration of “Type-1A or Type-2” for SRI field

3.4	Other fields
TDRA (Type-1)
At the RAN1#110bis-e meeting, following agreement has been made.
	Agreement
For a set of cells co-scheduled by a DCI format 0_X/1_X, time domain resource allocations for the set of cells are jointly indicated by a single TDRA field in the DCI format 0_X/1_X. 
· Separate {SLIV, mapping type, scheduling offset K0 (or K2)} is indicated for each of co-scheduled PDSCHs/PUSCHs.
· FFS details of the TDRA table design


TDRA field should be Type-1B: for PDSCH-Config/PUSCH-Config for DL/UL BWP of each cell, introduce a RRC parameter for a list of up to 16 entries with each entry corresponds to a {SLIV, mapping type, scheduling offset K0/K2} for PUSCH/PDSCH in BWP of each cell scheduled by DCI format 0_X/1_X.
· For PDSCH-ConfigCommon of DL BWP and PUSCH-ConfigCommon of UL BWP of each cell,
· Introduce an RRC parameter that is a list of up to 16 entries, where:
· Each entry of the list has PDSCH-TimeDomainResourceAllocation or PDSCH-TimeDomainResourceAllocation-r16 for downlink, and
· Each entry of the list has PUSCH-TimeDomainResourceAllocation or PUSCH-TimeDomainResourceAllocation-r16 for uplink
· If the TDRA field of a DCI format 0_X/1_X indicates the n-th codepoint, the UE checks the value of the n-th entry of the list in the PDSCH-ConfigCommon or PUSCH-ConfigCommon of each cell and determine the TDRA to apply, according to the value of the n-th entry.

Antenna port(s) (configurable between Type-1A and Type-2)
For DCI formats 1_1 and 1_2, the number of bits for antenna port(s) field depends on various RRC parameters, such as dmrs-Type and maxLength. Based on these RRC parameters, the UE refers to one of the multiple tables defined in TS 38.212 7.3.1.2.2 to interpret the Antenna port(s) field as follows. 
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When the antenna port(s) field in DCI format 1_X is configured as Type-1A, single field applies to all the scheduled cells by the DCI format. It does not make sense to consider that the cells scheduled by the same DCI format refers to different Tables for Antenna port(s). We propose to clarify that UE expects that Antenna port(s) field, when it is configured as Type-1A, refers to the common/same Table from Tables 7.3.1.2.2-1, 7.3.1.2.2-2, 7.3.1.2.2-3, or 7.3.1.2.2-4, for all the cells in the set of cells for DCI format 1_X.

Similarly, for DCI formats 0_1 and 0_2, the number of bits for antenna port(s) field depends on various RRC parameters, such as dmrs-Type, maxLength, transformPrecoder, and pi/2 BPSK. Based on these RRC parameters, the UE refers to one of the multiple tables defined in TS 38.212 7.3.1.1.2 to interpret the Antenna port(s) field as follows..
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Same as for DL case, when the field is configured as Type-1A, it does not make sense to consider that the cells scheduled by the same DCI format refers to different Tables. We propose to clarify that UE expects that Antenna port(s) field, when it is configured as Type-1A, refers to the common/same Table from Tables 7.3.1.1.2-6, 7.3.1.1.2-6A, 7.3.1.1.2-7, 7.3.1.1.2-7A, 7.3.1.1.2-8, 7.3.1.1.2-9, 7.3.1.1.2-10, 7.3.1.1.2-11, 7.3.1.1.2-12, 7.3.1.1.2-13, 7.3.1.1.2-14, 7.3.1.1.2-14, 7.3.1.1.2-15, 7.3.1.1.2-16, 7.3.1.1.2-17, 7.3.1.1.2-18, 7.3.1.1.2-19, 7.3.1.1.2-20, 7.3.1.1.2-21, 7.3.1.1.2-22, 7.3.1.1.2-23, 7.3.1.1.2-24, and 7.3.1.1.2-25, for all the cells in the set of cells for DCI format 0_X.

TPMI (configurable between Type-1A and Type-2)
Similar to Antenna port(s), for DCI formats 0_1 and 0_2, the number of bits for TPMI field depends on various RRC parameters, such as tx-Config (codebook or non-codebook), ul-FullPower, maxRank, transformPrecoder, codebookSubset. Based on these RRC parameters, the UE refers to one of the multiple tables defined in TS 38.212 7.3.1.1.2 to interpret the TPMI field as follows..
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Same as for Antenna port(s) field, when the TPMI field is configured as Type-1A, it does not make sense to consider that the cells scheduled by the same DCI format refers to different Tables. We propose to clarify that UE expects that TPMI field, when it is configured as Type-1A, refers to the common/same Table from Tables 7.3.1.1.2-2, 7.3.1.1.2-2A, 7.3.1.1.2-B, 7.3.1.1.2-3, 7.3.1.1.2-3A, 7.3.1.1.2-4, 7.3.1.1.2-4A, 7.3.1.1.2-5, and 7.3.1.1.2-5A, for all the cells in the set of cells for DCI format 0_X.

SRI (configurable between Type-1A and Type-2)
Similar to Antenna port(s) and TPMI, for DCI formats 0_1 and 0_2, the number of bits for SRI field depends on various RRC parameters, such as tx-Config (codebook or non-codebook), ul-FullPower, number of SRS resource sets, and maxMIMO-Layers. Based on these RRC parameters, the UE refers to one of the multiple tables defined in TS 38.212 7.3.1.1.2 to interpret the SRI field as follows.
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Same as for Antenna port(s) field and TPMI field, when the SRI field is configured as Type-1A, it does not make sense to consider that the cells scheduled by the same DCI format refers to different Tables. We propose to clarify that UE expects that SRI field, when it is configured as Type-1A, refers to the common/same Table from Tables 7.3.1.1.2-28, 7.3.1.1.2-29, 7.3.1.1.2-30, 7.3.1.1.2-31, 7.3.1.1.2-32, 7.3.1.1.2-32A, and 7.3.1.1.2-32B, for all the cells in the set of cells for DCI format 0_X.

Carrier indicator field (up to 3 bits)
On a scheduling cell, a UE may monitor multiple DCI formats 0_X/1_X for multiple sets of cells for multi-cell scheduling as per Proposal 1 in Section 2.1. There could be cases where DCI formats 0_X/1_X for different sets of cells have the same DCI payload size and their candidates are mapped to the same set of CCEs. In legacy cross-carrier scheduling, this was resolved by using carrier indicator field. Since CIF field this solution works well even from Rel-10, carrier indicator field should be supported in DCI format 0_X/1_X.

ChannelAcces-CPext, minimum K0/K2 offset
It would not be typical that multiple scheduled cells require different CAPC values or min K0/K2 offset values. Therefore, these fields can be Type-1A.

UL/SUL indicator: Not included or 1 bit
It has been discussed over RAN1#111 and RAN#98 whether UL/SUL indicator should be included in DCI format 0_X, and if yes, how many bits it should be. For DCI format 0_X for multi-cell scheduling, essentially, UL/SUL indicator is not necessary since multi-cell scheduling is not enabled when SUL is scheduled. In addition, UL/SUL indicator is included in the legacy DCI format 0_0/0_1/0_2 – NW can schedule SUL transmission by using such legacy DCI format. There could be a case where the UE does not monitor legacy DCI format for a cell configured with SUL. For DCI format 0_X to support SUL transmission in this case, 1 bit UL/SUL indicator suffices. 

Proposal 9:
· TDRA field is Type-1B
· For Antenna port(s) field in DCI format 1_X, when the field is configured as Type-1A, the UE expects that RRC parameters for PDSCH receptions scheduled by the DCI format 1_X for any cell in the set for the DCI format 1_X are configured such that single Table from Tables 7.3.1.2.2-1, 7.3.1.2.2-2, 7.3.1.2.2-3, and 7.3.1.2.2-4 in TS38.212 is used for all the cells.
· For Antenna port(s) field in DCI format 0_X, when the field is configured as Type-1A, the UE expects that RRC parameters for PUSCH transmissions scheduled by the DCI format 0_X for any cell in the set for the DCI format 0_X are configured such that single Table from Tables 7.3.1.1.2-6, 7.3.1.1.2-6A, 7.3.1.1.2-7, 7.3.1.1.2-7A, 7.3.1.1.2-8, 7.3.1.1.2-9, 7.3.1.1.2-10, 7.3.1.1.2-11, 7.3.1.1.2-12, 7.3.1.1.2-13, 7.3.1.1.2-14, 7.3.1.1.2-14, 7.3.1.1.2-15, 7.3.1.1.2-16, 7.3.1.1.2-17, 7.3.1.1.2-18, 7.3.1.1.2-19, 7.3.1.1.2-20, 7.3.1.1.2-21, 7.3.1.1.2-22, 7.3.1.1.2-23, 7.3.1.1.2-24, and 7.3.1.1.2-25 in TS38.212 is used for all the cells.
· For TPMI field in DCI format 0_X, when the field is configured as Type-1A, the UE expects that RRC parameters for PUSCH transmissions scheduled by the DCI format 0_X for any cell in the set for the DCI format 0_X are configured such that single Table from Tables 7.3.1.1.2-2, 7.3.1.1.2-2A, 7.3.1.1.2-B, 7.3.1.1.2-3, 7.3.1.1.2-3A, 7.3.1.1.2-4, 7.3.1.1.2-4A, 7.3.1.1.2-5, and 7.3.1.1.2-5A in TS38.212 is used for all the cells.
· For SRI field in DCI format 0_X, when the field is configured as Type-1A, the UE expects that RRC parameters for PUSCH transmissions scheduled by the DCI format 0_X for any cell in the set for the DCI format 0_X are configured such that single Table from Tables 7.3.1.1.2-28, 7.3.1.1.2-29, 7.3.1.1.2-30, 7.3.1.1.2-31, 7.3.1.1.2-32, 7.3.1.1.2-32A, and 7.3.1.1.2-32B in TS38.212 is used for all the cells.
· Support carrier indicator field having up to 3 bits in DCI format 0_X/1_X
· ChannelAcces-CPext and minimum K0/K2 offset are Type-1A field.
· UL/SUL indicator is either (1) 1 bit, or (2) not included in a DCI format 0_X.

4. HARQ-ACK codebook construction
At the RAN1#110bis-e meeting, following proposals were suggested by moderator, but consensus was not achieved.
	Proposal 4-1rev2:
· For determining the timing of a PUCCH carrying HARQ-ACK information corresponding to a set of co-scheduled PDSCHs by a DCI format 1_X, the reference PDSCH is the PDSCH ending last as indicated in the DCI format 1_X among the set of co-scheduled PDSCHs.

Proposal 4-4rev3:
· For Type-2 HARQ-ACK codebook, for a set of cells which is co-scheduled by a DCI format 1_X, the reference PDSCH to determine DAI counting is the PDSCH with smallest serving cell index among the set of co-scheduled cells.
· For a set of cells which is co-scheduled by a DCI format 1_X, the PDSCH with the smallest serving cell index among the set of co-scheduled cells is used to determine last DCI format for PUCCH determination among DCI formats within a same PDCCH MO.
· FFS: which PDSCH is used to determine the last DCI format in case when both DCI format 1_X and other DCI format 1_0/1_1/2_1/1_X are received in a same PDCCH monitoring occasion on a same scheduling cell for scheduling PDSCHs on same scheduled cell



Regarding Proposal 4-1rev2, we think the proposal is quite straightforward and no issue is found. Regarding Proposal 4-4rev3, the FFS should not be there, considering the fact that the concern is not limited to the new DCI format 1_X. Main bullet should be sufficient.

Proposal 10:
· Agree Proposal 4-1rev2, i.e.,
· For determining the timing of a PUCCH carrying HARQ-ACK information corresponding to a set of co-scheduled PDSCHs by a DCI format 1_X, the reference PDSCH is the PDSCH ending last as indicated in the DCI format 1_X among the set of co-scheduled PDSCHs.
· Agree Proposal 4-4rev3 with removing the FFS sub-bullet, i.e.,
· For a set of cells which is co-scheduled by a DCI format 1_X, the PDSCH with the smallest serving cell index among the set of co-scheduled cells is used to determine last DCI format for PUCCH determination among DCI formats within a same PDCCH MO.

5. Other details
5.1	Monitoring DCI format 0_X/1_X and legacy DCI formats for the same scheduled cell
RAN1 has agreed that specification supports monitoring DCI format 0_X/1_X and all the legacy DCI formats for any cell from the same scheduling cell simultaneously. In addition, BD/CCE/DCI-size budgets for each scheduled cell are actually increased compared to Rel-17. For example, for a scheduled cell, legacy DCI formats and DCI format 0_X/1_X can be counted on two different cells – in this case, the total number of BDs (or CCEs or DCI-sizes) for DCI formats that can schedule data for the scheduled cell can be doubled. Given the situation, it is quite unreasonable to consider that all the UE supporting multi-cell scheduling by DCI format 0_X/1_X can monitor the DCI format 0_X/1_X and all the legacy DCI formats from the same scheduling cell for a scheduled cell. There must be UE capability signallings to distinguish possible configurations of which DCI format(s) the UE can monitor for the same scheduled cell.
Observation 1: 
· For Rel-18 multi-cell scheduling by a DCI format 0_X/1_X, BD/CCE/DCI-size budget for PDCCH for each scheduled cell can be increased compared to Rel-17
· This is from each scheduled cell point of view
· Appropriate UE capability signallings must be defined in UE feature session to allow reasonable complexity options for PDCCH monitoring when DCI format 0_X/1_X is configured

5.2	PDCCH overbooking for DCI format 0_X/1_X
Currently, PDCCH overbooking is allowed only for search space sets monitored on P(S)Cell for scheduling on P(S)Cell. It should be common understanding that PDCCH overbooking for search space set for DCI format 0_X/1_X is not allowed, since this involves cross-carrier scheduling. 
Observation 2: 
· PDCCH overbooking is not allowed for search space sets for DCI format 0_X/1_X

5.3	Search space sharing for DCI format 0_X/1_X
Search space sharing can be supported for different DCI formats 0_X/1_X with different n_CI values for different sets of cells in case they have the same DCI payload size for legacy DCI formats as an optional feature. According to the following specification, the search space sharing is applicable to DCI formats 0_X/1_X as well without any update.
	A UE that 
-	is configured for operation with carrier aggregation, and 
-	indicates support of search space sharing through searchSpaceSharingCA-UL or through searchSpaceSharingCA-DL, and 
-	has a PDCCH candidate with CCE aggregation level  in CORESET  associated with search space set  of a scheduling cell for detection of a first DCI format, other than DCI format 0_0 or DCI format 1_0, having a first size and scheduling 
-	PUSCH transmission or configured grant Type 2 PUSCH release on serving cell , or 
-	PDSCH reception or having associated HARQ-ACK information without scheduling PDSCH reception on serving cell 
can receive a corresponding PDCCH through a PDCCH candidate with CCE aggregation level  in CORESET  associated with search space set  of the scheduling cell for detection of a second DCI format having a second size and associated with scheduling on serving cell  if the first size and the second size are same and if neither of search space sets  and  includes searchSpaceLinkingId. 



In case of search space sharing is enabled, there must be a DCI field indicating which set of cells the DCI format is intended for. The existing CIF field for legacy DCI formats can be re-used, i.e., the CIF field in the DCI format 0_X/1_X indicates a value associated with a set of cells for multi-cell scheduling. 
Observation 3: 
· No specification change is necessary regarding search space sharing.
· Any potential impact on UE capability should be discussed in UE feature session.

6. Conclusion
In this contribution, we provided our views on multi-cell scheduling with a single DCI. 
The proposals are following.
Proposal 1: 
· A UE can be configured one or multiple sets of cells which are configured for multi-cell scheduling. 
· When multiple sets of cells are configured for multi-cell scheduling, separate n_CI values are configured for different sets of cells, and the UE monitors DCI format 0_X/1_X for the corresponding set of cells using the corresponding n_CI value. 
· When multiple sets of cells are configured for multi-cell scheduling, a cell in one set of cells can’t be included in another set of cells.

Proposal 2: 
· Co-scheduled cell indicator is not supported for DCI format 0_X/1_X in Rel-18.

Proposal 3:
· Support DCI format 0_X/1_X payload/fields adjustment based on SCell activation/deactivation and dormant/non-dormant BWP-switch
· When all the cells in the set of cells is active and non-dormant, the UE monitors DCI format 0_X/1_X identified for all the cells in the set of cells. The DCI format 0_X/1_X includes all the necessary fields for all the set of cells in the set of cells.
· When one or some of the SCell(s) in the set of cells is deactivated or dormancy, the DCI format 0_X/1_X payload/fields are adjusted based on active and non-dormant cells in the set of cells. 
· When only one cell in the set of cells for a DCI format 0_X/1_X is active and non-dormant, monitoring the DCI format 0_X/1_X can be stopped.
· DCI format 0_X/1_X payload/fields is adjusted during the time period for SCell activation/deactivation or SCell dormant/non-dormant BWP-switch
· During the period, the UE is not required to monitor the DCI format 0_X/1_X.

Proposal 4:
· Support dynamic indication of scheduling cell(s)
· Enable configuration of more than one scheduling cells for a scheduled cell
· Enable switch/fallback from multi-cell scheduling to legacy self-scheduling dynamically
· Extend SSSG switching or BWP switching to enable this

Proposal 5:
· Update the DCI size alignment procedure in TS 38.212 7.3.1.0 to accommodate DCI format 0_X/1_X as follows:
· Steps 0, 1, 2, and 2A: same as legacy
· Step 2B (after Step 2A): UE determines the sizes of the DCI formats 0_X and 1_X
· Step 3: same as legacy
· Step 4A-0 (before Step 4A): 
· If the number of information bits in the DCI format 0_X prior to padding is less than the payload size of the DCI format 1_X counted on the same reference cell, a number of zero padding bits are generated for the DCI format 0_X until the payload size equals that of the DCI format 1_X.
· If the number of information bits in the DCI format 1_X prior to padding is less than the payload size of the DCI format 0_X counted on the same reference cell, a number of zero padding bits are generated for the DCI format 1_X until the payload size equals that of the DCI format 0_X.
· Steps 4A, 4B, 4C: same as legacy
· Step 4D (after Step 4C):
· If the number of information bits in the DCI format 0_X/1_X after Step 4A-0 is less than the payload size of the DCI format 1_1/0_1 after Step 4C counted on the reference cell, a number of zero padding bits are generated for the DCI format 0_X/1_X until the payload size equals that of the DCI format 1_1/0_1.
· If the number of information bits in the DCI format 0_1/1_1 after Step 4C counted on the reference cell is less than the payload size of the DCI format 1_X/0_X after Step 4A-0 counted on the reference cell, a number of zero padding bits are generated for the DCI format 0_1/1_1 until the payload size equals that of the DCI format 1_X/0_X.

Proposal 6:
· Introduce necessary RRC parameters for the following Type-2 fields:
· For MCS:
· mcs-TableDCI-0-X for PUSCH-Config of UL BWP for each cell
· mcs-TableDCI-1-X for PDSCH-Config of DL BWP for each cell
· For HPN:
· harq-ProcessNumberSizeDCI-0-X for PUSCH-Config of UL BWP for each cell
· harq-ProcessNumberSizeDCI-1-X for PDSCH-Config of DL BWP for each cell
· For RV:
· numberOfBitsForRV-DCI-0-X for PUSCH-Config of UL BWP for each cell
· numberOfBitsForRV-DCI-1-X for PDSCH-Config of DL BWP for each cell
· For FDRA Type-0:
· Support RBG size of 32 for BWP size of equal to or larger than 145
· This is for the case where rbg-Size in PUSCH-Config or PDSCH-Config is set to ‘config 2’

Proposal 7:
· For Type-1B fields, introduce a RRC parameter that is a list of N entries for each cell (or for each BWP of each cell) that tells the mapping b/w a codepoint of the field and the indicated value for each cell
· The n-th codepoint of the field corresponds to the n-th entry of the list parameter for the cell
· In the n-th entry, a value is provided, where the value indicates {RM pattern group(s), ZP CSI-RS resource set, SRS resource set, SRS offset, TCI-state} for the cell
· See detailed procedure in Section 3.2 of this contribution

Proposal 8:
· For BWP indicator, adopt either of the following options:
· Opt.1: Introduce list parameter for each cell, similar to the proposal 7 for Type-1B
· An RRC parameter that is a list of up to 4 entries, where each entry has a value from (1, 2, 3, 4). The n-th codepoint of the BWP indicator field of DCI format 0_X/1_X corresponds to the n-th entry of the list. 
· If the BWP indicator field of a DCI format 0_X/1_X indicates the n-th codepoint, the UE checks the value of the n-th entry of the list in the serving cell configuration each cell and determine the BWP to switch, according to the value of the n-th entry.
· Opt.2: For DCI format 0_X/1_X, the association between codepoints of BWP indicator field and BWPs for each cell is always based on Table 7.3.1.1.2-1
· For VRB-to-PRB, introduce vrb-ToPRB-InterleaverDCI-1-X-r18 in PDSCH-Config for DL BWP of each cell
· For FH flag, introduce frequencyHoppingDCI-0-X-r18 in PUSCH-Config for UL BWP of each cell
· For PUSCHs scheduled by a DCI format 0_X, PUSCH repetition Type-B should be either (1) not configured for any of the cells in the set, or (2) configured for all the cells in the set
· For PRB bundling size, introduce prb-BundlingTypeDCI-1-X-r18 in PDSCH-Config for DL BWP of each cell
· For OLPC parameter set indication, consider to revisit this as “configurable between Type-1A and Type-2” based on the configuration of “Type-1A or Type-2” for SRI field

Proposal 9:
· TDRA field is Type-1B
· For Antenna port(s) field in DCI format 1_X, when the field is configured as Type-1A, the UE expects that RRC parameters for PDSCH receptions scheduled by the DCI format 1_X for any cell in the set for the DCI format 1_X are configured such that single Table from Tables 7.3.1.2.2-1, 7.3.1.2.2-2, 7.3.1.2.2-3, and 7.3.1.2.2-4 in TS38.212 is used for all the cells.
· For Antenna port(s) field in DCI format 0_X, when the field is configured as Type-1A, the UE expects that RRC parameters for PUSCH transmissions scheduled by the DCI format 0_X for any cell in the set for the DCI format 0_X are configured such that single Table from Tables 7.3.1.1.2-6, 7.3.1.1.2-6A, 7.3.1.1.2-7, 7.3.1.1.2-7A, 7.3.1.1.2-8, 7.3.1.1.2-9, 7.3.1.1.2-10, 7.3.1.1.2-11, 7.3.1.1.2-12, 7.3.1.1.2-13, 7.3.1.1.2-14, 7.3.1.1.2-14, 7.3.1.1.2-15, 7.3.1.1.2-16, 7.3.1.1.2-17, 7.3.1.1.2-18, 7.3.1.1.2-19, 7.3.1.1.2-20, 7.3.1.1.2-21, 7.3.1.1.2-22, 7.3.1.1.2-23, 7.3.1.1.2-24, and 7.3.1.1.2-25 in TS38.212 is used for all the cells.
· For TPMI field in DCI format 0_X, when the field is configured as Type-1A, the UE expects that RRC parameters for PUSCH transmissions scheduled by the DCI format 0_X for any cell in the set for the DCI format 0_X are configured such that single Table from Tables 7.3.1.1.2-2, 7.3.1.1.2-2A, 7.3.1.1.2-B, 7.3.1.1.2-3, 7.3.1.1.2-3A, 7.3.1.1.2-4, 7.3.1.1.2-4A, 7.3.1.1.2-5, and 7.3.1.1.2-5A in TS38.212 is used for all the cells.
· For SRI field in DCI format 0_X, when the field is configured as Type-1A, the UE expects that RRC parameters for PUSCH transmissions scheduled by the DCI format 0_X for any cell in the set for the DCI format 0_X are configured such that single Table from Tables 7.3.1.1.2-28, 7.3.1.1.2-29, 7.3.1.1.2-30, 7.3.1.1.2-31, 7.3.1.1.2-32, 7.3.1.1.2-32A, and 7.3.1.1.2-32B in TS38.212 is used for all the cells.
· Support carrier indicator field having up to 3 bits in DCI format 0_X/1_X
· ChannelAcces-CPext and minimum K0/K2 offset are Type-1A field.
· UL/SUL indicator is either (1) 1 bit, or (2) not included in a DCI format 0_X.

Proposal 10:
· Agree Proposal 4-1rev2, i.e.,
· For determining the timing of a PUCCH carrying HARQ-ACK information corresponding to a set of co-scheduled PDSCHs by a DCI format 1_X, the reference PDSCH is the PDSCH ending last as indicated in the DCI format 1_X among the set of co-scheduled PDSCHs.
· Agree Proposal 4-4rev3 with removing the FFS sub-bullet, i.e.,
· For a set of cells which is co-scheduled by a DCI format 1_X, the PDSCH with the smallest serving cell index among the set of co-scheduled cells is used to determine last DCI format for PUCCH determination among DCI formats within a same PDCCH MO.

In addition, we have following observations.
Observation 1: 
· For Rel-18 multi-cell scheduling by a DCI format 0_X/1_X, BD/CCE/DCI-size budget for PDCCH for each scheduled cell can be increased compared to Rel-17
· This is from each scheduled cell point of view
· Appropriate UE capability signallings must be defined in UE feature session to allow reasonable complexity options for PDCCH monitoring when DCI format 0_X/1_X is configured

Observation 2: 
· PDCCH overbooking is not allowed for search space sets for DCI format 0_X/1_X

Observation 3: 
· No specification change is necessary regarding search space sharing.
· Any potential impact on UE capability should be discussed in UE feature session.
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# of CWs dmrs-Type maxLength # of TCI-states per TCI codepoint Table # of bits

antennaPortsFieldPresenceDCI -1-2-r16 is not configured (for DCI format 1_2) 0

1 1 1 1 7.3.1.2.2-1 4

1 1 2 1 7.3.1.2.2-2 (left column) 5

2 1 2 1 7.3.1.2.2-2 (right column) 5

1 2 1 1 7.3.1.2.2-3 (left column) 5

2 2 1 1 7.3.1.2.2-3 (right column) 5

1 2 2 1 7.3.1.2.2-4 (left column) 6

2 2 2 1 7.3.1.2.2-4 (right column) 6
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TransformPrecoder dmrs-Type maxLength TP-Pi/2 BPSK Rank Table # of bits

antennaPortsFieldPresenceDCI -0 -2-r16 is not configured (for DCI format 0_2) 0

Enabled  1 1 No 1 7.3.1.1.2-6 2

Enabled 1 1 Yes 1 7.3.1.1.2-6A 2

Enabled 1 2 No 1 7.3.1.1.2-7 4

Enabled 1 2 Yes 1 7.3.1.1.2-7A 4

Disabled 1 1 - 1, 2, 3, 4 7.3.1.1.2-8, 9, 10, 11 3

Disabled 1 2 - 1, 2, 3, 4 7.3.1.1.2-12, 13, 14, 15 4

Disabled 2 1 - 1, 2, 3, 4 7.3.1.1.2-16, 17, 18, 19 4

Disabled 2 2 - 1, 2, 3, 4 7.3.1.1.2-20, 21, 22, 23 5
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TransformPrecoder # antenna ports maxRank ul-FullPowerTx codebookSubset Table # of bits

(1) Tx-Config = nonCodebook or (2) tx-Config = codebook and 1 antenna port 0

Disabled  4 2, 3, 4 No, mode2, mode0 Full, partial, non 7.3.1.1.2-2 6, 5, 4

Disabled 4 2 mode1 Partial, non 7.3.1.1.2-2A 5, 4

Disabled 4 3, 4 mode1 Partial, non 7.3.1.1.2-2B 6, 4

Enabled/disabled 4 1 No, mode2, mode0 Full, partial, non 7.3.1.1.2-3 5, 4, 2

Enabled 4 1 mode1 Partial, non 7.3.1.1.2-3A 4, 3

Disabled 2 2 No, mode2, mode0 Full, non 7.3.1.1.2-4 4, 2

Disabled 2 2 mode1 Non 7.3.1.1.2-4A 2

Enabled/disabled 2 1 No, mode2, mode0 Full, non 7.3.1.1.2-5 3, 1

Enabled/disabled 2 1 mode1 non 7.3.1.1.2-5A 2
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Tx-Config # of SRS resource sets  maxMIMO-Layers ul-FullPowerTx Table # of bits

Non-codebook 2, 3, 4 1 - 7.3.1.1.2-28 1, 2, 2

Non-codebook 2, 3, 4 2 - 7.3.1.1.2-29 2, 3, 4

Non-codebook 2, 3, 4 3 - 7.3.1.1.2-30 2, 3, 4

Non-codebook 2, 3, 4 4 - 7.3.1.1.2-31 2, 3, 4

Codebook 2 No, mode2, mode0 7.3.1.1.2-32 1

Codebook 3 Mode2 7.3.1.1.2-32A 2

Codebook 4 Mode2 7.3.1.1.2-32B 2


