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1. [bookmark: _Toc120549591]Introduction
The remaining issues on multi-cell PUSCH/PDSCH scheduling with a single DCI have been discussed during RAN1#114b meeting, and after the meeting, draft CRs for Rel-18 Multi-carrier enhancements are endorsed [1]. In this contribution, we will discuss and share our views on the remaining issues and draft CRs of multi-cell PUSCH/PDSCH scheduling with a single cell. 
2. Discussion
2.1 DCI fields design
2.1.1 SCell dormancy indication
It is agreed that SCell dormancy indication in the DCI format 0_3/1_3 is categorized as Type-1A field, and the existing higher layer parameter dormancyGroupWithinActiveTime is reused for the configuration of SCell groups. Similar to the indication in DCI format 0_1/1_1, the bitmap and size of SCell dormancy indication field can be determined according to the number of different DormancyGroupID(s) provided by higher layer parameter dormancyGroupWithinActiveTime, and corresponding descriptions have been captured in draft CR 38.212 section 7.3.1.1.4 and 7.3.1.2.4. Furthermore, repurposing some fields in DCI format 1_3 to indicate SCell dormancy can also be supported, while the details of selecting some DCI fields for SCell dormancy indication need to be further discussed.
	RAN1#114bis Agreement
For MC-DCI, SCell dormancy indication Case 1 (for both DCI format 0-3 and 1-3) and Case 2 (only for DCI format 1-3) are supported.


In legacy behaviour, the non-scheduling DCI format 1_1 can be used for SCell dormancy indication, i.e., some fields in DCI format 1_1 with invalid FDRA can be reinterpreted for SCell dormancy indication when there is no PDSCH scheduling on the PCell, where each bit corresponds to one of the configured SCell(s), with MSB to LSB of the following fields concatenated in the order below corresponding to the SCell with lowest to highest SCell index. For multi-cell PDSCH scheduling, similar DCI fields configured as Type-2 field (Modulation and coding scheme of transport block 1, New data indicator of transport block 1, Redundancy version of transport block 1, HARQ process number, Antenna port(s)) in DCI format 1_3 can be applied to indicate SCell dormancy.
Furthermore, from our perspective, the DCI format 1_3 is designed to reduce the DCI signalling overhead and improve spectral/power efficiency on scheduling data over multiple cells, the non-scheduling case of all cells in the set for SCell dormancy indication by DCI format 1_3 is not preferred due to the larger payload size compared to legacy DCI format 1_1. Thus, it is preferred the above fields only corresponding to one cell, e.g., the cell with smallest serving cell index among the cells indicated by invalid FDRA are repurposed for SCell dormancy indication. During the discussion in last RAN1 meeting, some companies commented the total bit size may be smaller than 16, from our understanding, the legacy DCI format 1_1 case 2 can be used for the SCell dormancy indication in this case. Besides, although the supported maximum number of aggregated cells is 16 in specifications, the band combination defined in RAN4 is much smaller than that, thus there is no issue in this Case 2 method for DCI format 1_3.
Proposal 1. If one-shot HARQ-ACK request is not present or set to '0' and if HARQ-ACK retransmission indicator is not present or set to ‘0’, SCell dormancy indication can be provided by a DCI format 1_3 on PCell by repurposing below fields corresponding to a cell with smallest cell index indicated by invalid FDRA, and cells with valid FDRA fields are scheduled.
· Modulation and coding scheme of transport block 1 
· New data indicator of transport block 1 
· Redundancy version of transport block 1 
· HARQ process number 
· Antenna port(s) if configured as Type-2
Proposal 2. Take the following TP for TS 38.212 section 7.3.1.2.4.
· Reason for change: RAN1 has agreed that case 2 of SCell dormancy indication can be supported in DCI format 1_3 and this field is already captured in draft CR 38.212. However, the DCI fields that can be repurposed to indicate SCell dormancy are not defined. 
· Summary of change: Add the clarification on the details of SCell dormancy indication Case 2 of DCI format 1_3 in TS 38.212 section 7.3.1.2.4. 
· Consequence if not approved: SCell dormancy indication Case 2 of DCI format 1_3 is not included in TS 38.212.
	7.3.1.2.4	Format 1_3
<Unchanged text is omitted>
-	SCell dormancy indication - 0 bit if higher layer parameter dormancyDCI-1-3 or dormancyGroupWithinActiveTime SCell-dormancy-indication-Present is not configuredenabled; otherwise 1, 2, 3, 4, or 5x bits bitmap determined according to the number of different DormancyGroupID(s) provided by higher layer parameter dormancyGroupWithinActiveTime, where each bit corresponds to one of the SCell group(s) configured by higher layers parameter dormancyGroupWithinActiveTime, with MSB to LSB of the bitmap corresponding to the first to the last configured SCell group in ascending order of DormancyGroupID. The field is only present when this format is carried by PDCCH on the primary cell within DRX Active Time and the UE is configured with at least two DL BWPs for an SCell.
If one-shot HARQ-ACK request is not present or set to '0' and if HARQ-ACK retransmission indicator is not present or set to ‘0’, and all bits of frequency domain resource assignment are set to 0 for resource allocation type 0 or set to 1 for resource allocation type 1 or set to 0 or 1 for dynamic switch resource allocation type corresponding to a cell with smallest serving cell index, this field is reserved and the following fields among the fields above are used for SCell dormancy indication, where each bit corresponds to one of the configured SCell(s), with MSB to LSB of the following fields concatenated in the order below corresponding to the SCell with lowest to highest SCell index 
-	Modulation and coding scheme of transport block 1 
-	New data indicator of transport block 1 
-	Redundancy version of transport block 1 
-	HARQ process number 
-	Antenna port(s) if configured as Type-2
<Unchanged text is omitted>


Considering that SCell dormancy indication can be included in DCI format 0_3/1_3, the SCell dormancy behaviour when UE detects DCI format 0_3 or DCI format 1_3 also needs to be captured in TS 38.213 section 10.3.
[bookmark: _Hlk146034863]Proposal 3. For SCells dormancy behaviour when UE detects DCI format 0_3/1_3, take the following TP for TS 38.213 section 10.3:
· Reason for change: SCell dormancy indication can be included in DCI format 0_3/1_3 and captured in in draft CR 38.212. However, TS 38.213 does not reflect dormancy/non-dormancy behaviour of SCells for detection of DCI format 0_3/1_3. 
· Summary of change: Add DCI format 0_3 and DCI format 1_3 in TS 38.213 Section 10.3 on SCells dormancy behaviour when UE detects DCI format 0_3/1_3.
· Consequence if not approved: Inconsistency between TS 38.212 and TS 38.213.
	[bookmark: _Toc29894868][bookmark: _Toc29899167][bookmark: _Toc29899585][bookmark: _Toc29917314][bookmark: _Toc36498188][bookmark: _Toc45699216][bookmark: _Toc137056415]10.3	PDCCH monitoring indication and dormancy/non-dormancy behaviour for SCells
<Unchanged text is omitted>
If a UE is provided search space sets to monitor PDCCH for detection of DCI format 0_1 and DCI format 1_1 and if one or both of DCI format 0_1 and DCI format 1_1 include a SCell dormancy indication field, or
if a UE is provided search space sets to monitor PDCCH for detection of one or both of DCI format 0_3 and DCI format 1_3, and if one or both of DCI format 0_3 and DCI format 1_3 include a SCell dormancy indication field,
-	the SCell dormancy indication field is a bitmap with size equal to a number of groups of configured SCells, provided by dormancyGroupWithinActiveTime, 
-	each bit of the bitmap corresponds to a group of configured SCells from the number of groups of configured Scells
-	if the UE detects a DCI format 0_3 or DCI format 1_3, or detects a DCI format 0_1 or a DCI format 1_1 that does not include a carrier indicator field, or detects a DCI format 0_1 or DCI format 1_1 that includes a carrier indicator field with value equal to 0, and if the DCI format 0_1 does not indicate UL grant Type 2 release nor deactivate semi-persistent CSI report(s) on PUSCH, or if the DCI format 1_1 does not indicate SPS PDSCH release
-	a '0' value for a bit of the bitmap indicates an active DL BWP, provided by dormantBWP-Id, for the UE for each activated SCell in the corresponding group of configured SCells
-	a '1' value for a bit of the bitmap indicates 
-	an active DL BWP, provided by firstWithinActiveTimeBWP-Id, for the UE for each activated SCell in the corresponding group of configured SCells, if a current active DL BWP is the dormant DL BWP
-	a current active DL BWP, for the UE for each activated SCell in the corresponding group of configured SCells, if the current active DL BWP is not the dormant DL BWP
-	the UE sets the active DL BWP to the indicated active DL BWP
<Unchanged text is omitted>
If a UE is provided search space sets to monitor PDCCH for detection of DCI format 1_3, and if 
-	a one-shot HARQ-ACK request field is not present or has a '0' value, and if
-  HARQ-ACK retransmission indicator is not present or has a ‘0’ value, and if
-	the UE detects a DCI format 1_3 on the primary cell, and if the frequency domain resource assignment field for one or more cells are 
-	resourceAllocation = resourceAllocationType0 and all bits are equal to 0, or
-	resourceAllocation = resourceAllocationType1 and all bits are equal to 1, or
-	resourceAllocation = dynamicSwitch and all bits are equal to 0 or 1
the UE considers the fields corresponding to a cell with smallest serving cell index with above FDRA values in DCI format 1_3 as indicating SCell dormancy, not scheduling a PDSCH reception, and for transport block 1 interprets the sequence of fields of
-	modulation and coding scheme
-	new data indicator
-	redundancy version
and of
-	HARQ process number
-	antenna port(s) if configured as Type-2
as providing a bitmap to each configured SCell, in an ascending order of the SCell index, where
-	a '0' value for a bit of the bitmap indicates an active DL BWP, provided by dormantBWP-Id, for the UE for a corresponding activated SCell 
-	a '1' value for a bit of the bitmap indicates 
-	an active DL BWP, provided by firstWithinActiveTimeBWP-Id, for the UE for a corresponding activated SCell, if a current active DL BWP is the dormant DL BWP
-	a current active DL BWP, for the UE for a corresponding activated SCell, if the current active DL BWP is not the dormant DL BWP
-	the UE sets the active DL BWP to the indicated active DL BWP
<Unchanged text is omitted>


2.1.2 Interpretation of Type-1A fields
According to the design principle of different field types of DCI format 0_3/1_3, the Type-1A fields could indicate common information shared by all co-scheduled cells, and the size of each Type-1A field is determined by the maximum field size of active BWPs among all scheduled cells within the set of cells. However, for some of Type-1A fields, such as BWP indicator, antenna port indication (when configured as Type-1A field), invalid values/code points may occur when the size of configured states for the scheduled cell is smaller than the maximum field size. One remaining issue is how to handle the invalid values/codepoints in a Type-1A field. 
To ensure UE correctly interpret Type-1A fields for each co-scheduled cell, network may configure the same number of values/code points for all co-scheduled cells to avoid invalid indication but will introduce unnecessary indication/scheduling restriction. Otherwise, pre-defined rule is needed when invalid values/code points for some of co-scheduled cells are indicated, which can effectively align the understanding of the indication between gNB and UE, and the following alternatives can be considered.
· Alt 1. Interpret LSBs of the indication in the field based on the available configuration for the co-scheduled cell. 
· Alt 2. Default value can be used to interpret the invalid value indicated in the field for the co-scheduled cell.
For Alt 1, when the filed size is beyond the indication range of the configuration for a scheduled cell, UE will only interpret LSBs of the filed based on the RRC configuration for that scheduled cell. While for Alt 2, new RRC parameters may be needed to configure the default value for each Type-1A field respectively, which is unexpected as it introduces additional RRC spec impact. From our perspective, it is more straightforward to adopt Alt 1, which can also avoid impact on network configuration flexibility. 
In addition, there may be cases where UE needs to interpret the maximum size of indication in the Type-1 field, but the value of the field is invalid for the scheduled cell. The behavior to handle the invalid values in this case also needs to be pre-defined. Take BWP indicator as an example, Cell#1 in the combination of scheduled cells is configured with 4 BWPs, and Cell#2 in the combination of scheduled cells is configured with 3 BWPs, BWP indicator will be configured with 2 bits information. When “11” is indicated in the BWP indicator field, which is invalid for Cell#2, it is straightforward that UE ignores the invalid indication of the BWP indictor field and keep the original BWP configuration for Cell#2.
Proposal 4. For Type-1A field, when the size of indicator required for a co-scheduled cell is smaller than the maximum field size, UE interprets LSBs in the field for the cell based on its available configuration.
2.2 Coverage enhancements with multi-cell PUSCH scheduling
For PUSCH transmission scheduled by DCI format 0_3 with PUSCH repetitions, there is one conclusion that PUSCH repetition Type B operation is not supported with DCI format 0_3 (i.e., UE cannot be configured with PUSCH repetition Type B applicable for DCI format 0_3). While whether Rel-17 PUSCH coverage enhancements features or dynamic waveform switching in Rel-18 coverage enhancements can be combined with multi-cell PUSCH scheduling simultaneously has not been decided yet. 
From our perspective, the Rel-17/18 coverage enhancement mechanisms are specified to improve the PUSCH coverage performance of bottleneck channels in realistic deployment scenarios, such as TBoMS, available slot counting of PUSCH repetition Type A and dynamic waveform switching. However, multi-cell PUSCH scheduling with a single DCI is introduced to improve the utilization of scattered spectrums and save DCI signaling overhead in CA scenario with heavy traffic, which is more suitable to be used in good coverage cases. Besides, to avoid more complex design of DCI fields in DCI format 0_3, it seems not necessary to simultaneously support coverage enhancement features combined with multi-cell PUSCH scheduling. Thus, we think such PUSCH coverage enhancement features are not necessary to be introduced in multi-carrier scheduling DCI.
Proposal 5. Simultaneous multi-cell PUSCH scheduling with DCI format 0_3 and Rel-17/18 PUSCH coverage enhancements (DWS, TBoMS, Available Slot counting, DM-RS bundling) is not supported in Rel-18.

3. Conclusions
In this contribution, remaining issues on multi-cell PUSCH/PDSCH scheduling with a single DCI are discussed, and the following proposals are made.
Proposal 1. If one-shot HARQ-ACK request is not present or set to '0' and if HARQ-ACK retransmission indicator is not present or set to ‘0’, SCell dormancy indication can be provided by a DCI format 1_3 on PCell by repurposing below fields corresponding to a cell with smallest cell index indicated by invalid FDRA, and cells with valid FDRA fields are scheduled.
· Modulation and coding scheme of transport block 1 
· New data indicator of transport block 1 
· Redundancy version of transport block 1 
· HARQ process number 
· Antenna port(s) if configured as Type-2
Proposal 2. Take the following TP for TS 38.212 section 7.3.1.2.4.
· Reason for change: RAN1 has agreed that case 2 of SCell dormancy indication can be supported in DCI format 1_3 and this field is already captured in draft CR 38.212. However, the DCI fields that can be repurposed to indicate SCell dormancy are not defined. 
· Summary of change: Add the clarification on the details of SCell dormancy indication Case 2 of DCI format 1_3 in TS 38.212 section 7.3.1.2.4. 
· Consequence if not approved: SCell dormancy indication Case 2 of DCI format 1_3 is not included in TS 38.212.
	7.3.1.2.4	Format 1_3
<Unchanged text is omitted>
-	SCell dormancy indication - 0 bit if higher layer parameter dormancyDCI-1-3 or dormancyGroupWithinActiveTime SCell-dormancy-indication-Present is not configuredenabled; otherwise 1, 2, 3, 4, or 5x bits bitmap determined according to the number of different DormancyGroupID(s) provided by higher layer parameter dormancyGroupWithinActiveTime, where each bit corresponds to one of the SCell group(s) configured by higher layers parameter dormancyGroupWithinActiveTime, with MSB to LSB of the bitmap corresponding to the first to the last configured SCell group in ascending order of DormancyGroupID. The field is only present when this format is carried by PDCCH on the primary cell within DRX Active Time and the UE is configured with at least two DL BWPs for an SCell.
If one-shot HARQ-ACK request is not present or set to '0' and if HARQ-ACK retransmission indicator is not present or set to ‘0’, and all bits of frequency domain resource assignment are set to 0 for resource allocation type 0 or set to 1 for resource allocation type 1 or set to 0 or 1 for dynamic switch resource allocation type corresponding to a cell with smallest serving cell index, this field is reserved and the following fields among the fields above are used for SCell dormancy indication, where each bit corresponds to one of the configured SCell(s), with MSB to LSB of the following fields concatenated in the order below corresponding to the SCell with lowest to highest SCell index 
-	Modulation and coding scheme of transport block 1 
-	New data indicator of transport block 1 
-	Redundancy version of transport block 1 
-	HARQ process number 
-	Antenna port(s) if configured as Type-2
<Unchanged text is omitted>


Proposal 3. For SCells dormancy behaviour when UE detects DCI format 0_3/1_3, take the following TP for TS 38.213 section 10.3:
· Reason for change: SCell dormancy indication can be included in DCI format 0_3/1_3 and captured in in draft CR 38.212. However, TS 38.213 does not reflect dormancy/non-dormancy behaviour of SCells for detection of DCI format 0_3/1_3. 
· Summary of change: Add DCI format 0_3 and DCI format 1_3 in TS 38.213 Section 10.3 on SCells dormancy behaviour when UE detects DCI format 0_3/1_3.
· Consequence if not approved: Inconsistency between TS 38.212 and TS 38.213.
	10.3	PDCCH monitoring indication and dormancy/non-dormancy behaviour for SCells
<Unchanged text is omitted>
If a UE is provided search space sets to monitor PDCCH for detection of DCI format 0_1 and DCI format 1_1 and if one or both of DCI format 0_1 and DCI format 1_1 include a SCell dormancy indication field, or
if a UE is provided search space sets to monitor PDCCH for detection of one or both of DCI format 0_3 and DCI format 1_3, and if one or both of DCI format 0_3 and DCI format 1_3 include a SCell dormancy indication field,
-	the SCell dormancy indication field is a bitmap with size equal to a number of groups of configured SCells, provided by dormancyGroupWithinActiveTime, 
-	each bit of the bitmap corresponds to a group of configured SCells from the number of groups of configured Scells
-	if the UE detects a DCI format 0_3 or DCI format 1_3, or detects a DCI format 0_1 or a DCI format 1_1 that does not include a carrier indicator field, or detects a DCI format 0_1 or DCI format 1_1 that includes a carrier indicator field with value equal to 0, and if the DCI format 0_1 does not indicate UL grant Type 2 release nor deactivate semi-persistent CSI report(s) on PUSCH, or if the DCI format 1_1 does not indicate SPS PDSCH release
-	a '0' value for a bit of the bitmap indicates an active DL BWP, provided by dormantBWP-Id, for the UE for each activated SCell in the corresponding group of configured SCells
-	a '1' value for a bit of the bitmap indicates 
-	an active DL BWP, provided by firstWithinActiveTimeBWP-Id, for the UE for each activated SCell in the corresponding group of configured SCells, if a current active DL BWP is the dormant DL BWP
-	a current active DL BWP, for the UE for each activated SCell in the corresponding group of configured SCells, if the current active DL BWP is not the dormant DL BWP
-	the UE sets the active DL BWP to the indicated active DL BWP
<Unchanged text is omitted>
If a UE is provided search space sets to monitor PDCCH for detection of DCI format 1_3, and if 
-	a one-shot HARQ-ACK request field is not present or has a '0' value, and if
-  HARQ-ACK retransmission indicator is not present or has a ‘0’ value, and if
-	the UE detects a DCI format 1_3 on the primary cell, and if the frequency domain resource assignment field for one or more cells are 
-	resourceAllocation = resourceAllocationType0 and all bits are equal to 0, or
-	resourceAllocation = resourceAllocationType1 and all bits are equal to 1, or
-	resourceAllocation = dynamicSwitch and all bits are equal to 0 or 1
the UE considers the fields corresponding to a cell with smallest serving cell index with above FDRA values in DCI format 1_3 as indicating SCell dormancy, not scheduling a PDSCH reception, and for transport block 1 interprets the sequence of fields of
-	modulation and coding scheme
-	new data indicator
-	redundancy version
and of
-	HARQ process number
-	antenna port(s) if configured as Type-2
as providing a bitmap to each configured SCell, in an ascending order of the SCell index, where
-	a '0' value for a bit of the bitmap indicates an active DL BWP, provided by dormantBWP-Id, for the UE for a corresponding activated SCell 
-	a '1' value for a bit of the bitmap indicates 
-	an active DL BWP, provided by firstWithinActiveTimeBWP-Id, for the UE for a corresponding activated SCell, if a current active DL BWP is the dormant DL BWP
-	a current active DL BWP, for the UE for a corresponding activated SCell, if the current active DL BWP is not the dormant DL BWP
-	the UE sets the active DL BWP to the indicated active DL BWP
<Unchanged text is omitted>


Proposal 4. For Type-1A field, when the size of indicator required for a co-scheduled cell is smaller than the maximum field size, UE interprets LSBs in the field for the cell based on its available configuration.
Proposal 5. Simultaneous multi-cell PUSCH scheduling with DCI format 0_3 and Rel-17/18 PUSCH coverage enhancements (DWS, TBoMS, Available Slot counting, DM-RS bundling) is not supported in Rel-18.
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