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1	Work plan related evaluation
	Do you want to modify the time budget for this WI/SI compared to what was endorsed at the last RAN meeting?
	Yes



If you answered No:	Then please remove the Excel file from the zip file of this status report.
If you answered Yes:	Then please fill out the attached Excel template to request a modification of the time 		budgets for your WI /SI. The Excel table has to be filled out for all affected RAN WGs and 		up to the target date of the WI/SI. The basis are the endorsed time budgets of the last 		RAN meeting. Please highlight all changes of the values.
		One time unit (TU) corresponds to ~ 2 hours in the meeting.
		If this status report covers a WI with Core and Performance part, then please have one 		line for each in the attached Excel table.
		Note: If no Excel table is attached, then this means no time budget change.
Additional explanations/motivations for the time budget changes in the attached Excel table:
RAN4 plan was to complete their work for this WI at RAN#99.
However, although many agreements and progress were made at RAN4#106 meetings, there are number of remaining RAN4 discussion points to complete this WI in RAN4, where some discussion points are depending on other WGs’ conclusion. Therefore, it is requested in this status report to have an additional RAN4 TU for RAN4#106-e-bis and RAN4#107 meeting (0.5 TU for RF and RD for each meeting (0.5 x 2 x 2=2.0TU)).

2.	Detailed progress in RAN WGs since last TSG meeting (for all involved WGs)
	NOTE: Agreements and Open issues impacted cross-TSG aspects shall be explicitly highlighted
2.1	RAN1
2.1.1	Agreements
9.10.1	Multi-cell PUSCH/PDSCH scheduling with a single DCI
RAN1#112
Agreement
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.

Agreement
· 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.
· It is up to gNB implementation to resolve the last DCI format issue when both DCI format 1_X and other DCI format 1_0/1_1/1_2/1_X are received in a same PDCCH monitoring occasion on a same scheduling cell for scheduling PDSCHs on same scheduled cell.

Agreement
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.

Conclusion
Type-1 HARQ-ACK codebook is supported for multi-cell scheduling without K1 extension.
· UE expects HARQ-ACK information for all co-scheduled PDSCHs by DCI format 1_X can be mapped in the Type-1 HARQ-ACK codebook.
· Type-1 HARQ-ACK codebook is not enhanced for Rel-18 multi-cell scheduling.

Agreement
For a set of cells which is configured for multi-cell scheduling using DCI format 0_X/1_X, a joint TDRA table is configured by RRC signaling for the set of cells with each row in the table containing TDRA indexes for all cells within the set of cells.
· TDRA field in the DCI format 0_X/1_X belongs to Type-1B field.
· TDRA field in the DCI format 0_X/1_X indicates a row from the joint TDRA table.
· TDRA index for a cell points to a corresponding TDRA in the TDRA table applicable for DCI format 0-1/1-1.

Agreement
CSI request in DCI format 0_X belongs to Type-1C field.
·  This field is applied to the cell with smallest serving cell index among the co-scheduled cells.

Agreement
UL-SCH indicator in DCI format 0_X belongs to Type-1C field.
· This field is applied to the cell with smallest serving cell index among the co-scheduled cells.

Agreement
Enhanced Type-3 codebook indicator in DCI format 1_X belongs to Type-1A field. 

Agreement
HARQ-ACK retransmission indicator in DCI format 1_X belongs to Type-1A field. 

Agreement
PUCCH Cell indicator in DCI format 1_X belongs to Type-1A field. 

Agreement
For a set of cells configured for multi-cell scheduling using DCI format 0_X/1_X, 
· the size of a Type-1A field in the DCI format 0_X/1_X is determined as maximum field size of active BWP among all cells within the set of cells.
· the size of a Type-1B field in the DCI format 0_X/1_X is equal to ceiling(log2(N)), where N is the number of rows in RRC-configured table with each row containing multiple indexes for all cells within the set of cells. 
· The Type-1B field indicates one row of the configured table 
· The Type-1B index for a cell points to a corresponding index in a RRC configured table applicable for DCI format 0_1/1_1 or MAC CE activated values. 
· the size of a per cell Type-2 field in the DCI format 0_X/1_X is determined based on active BWP for each cell.

Agreement
For a set of cells which is configured for multi-cell scheduling using DCI format 0_X and DCI format 1_X, support the following:  
· If table defining combinations of co-scheduled cells for the set of cells is configured, 
· an indicator in the DCI is included and points to one row of the table.
· The table is configured by RRC signaling for the set of cells.
· Separate tables are configured for downlink scheduling and uplink scheduling 
· The size of the indicator is equal to ceil(log2(N)), where N is the number of rows in the table.
· The max number of rows in the table is 16
· The size of the per-cell Type 2 fields for each co-scheduled cell does not change according to the indicated co-scheduled cell combination
· The payload size of DCI format 1_X is derived by UE based on RRC configuration of the active BWP(s) of co-scheduled cell combinations within the set of cells.
· The payload size of DCI format 1_X is the same for the active BWP(s) of all the co-scheduled cell combinations and equal to the largest payload size among the active BWP(s) of all the co-scheduled cell combinations determined by the co-scheduled cell combination table. 
· The payload size of DCI format 0_X is derived by UE based on RRC configuration of the active BWP(s) of co-scheduled cell combinations within the set of cells.
· The payload size of DCI format 0_X is the same for the active BWP(s) of all the co-scheduled cell combinations and equal to the largest payload size among the active BWP(s) of all the co-scheduled cell combinations determined by the co-scheduled cell combination table.
· Otherwise, 
· The UE determines the actually scheduled cell(s) based on the FDRA field of each cell of the set of cells.
· For Type 0 FDRA, all 0s indicates the cell is not scheduled.
· For Type 1 FDRA, all 1s indicates the cell is not scheduled.
· The size of the Type 2 fields for each cell does not change according to actually co-scheduled cells. 
· The payload size of DCI format 0_X is derived by UE based on RRC configuration of the active BWP(s) of all cells within the set of cells.
· The payload size of DCI format 1_X is derived by UE based on RRC configuration of the active BWP(s) of all cells within the set of cells.

Agreement
Following is supported in Rel-18 multi-cell scheduling
· A UE can be configured one or multiple sets of cells with each set configured for multi-cell scheduling using DCI format 0_X/1_X. 
· Up to 4 sets of cells can be configured per PUCCH group.
· When multiple sets of cells are configured, 
· a cell in one set of cells can’t be included in another set of cells.
· n_CI value is independently configured for each set of cells.
· reference cell for counting DCI size and BD/CCE of DCI format 0_X/1_X is independently determined for each set of cells.
· search space configuration of DCI format 0_X/1_X is independently configured for each set of cells.
· DCI size of DCI format 0_X is independently determined for each set of cells. 
· DCI size of DCI format 1_X is independently determined for each set of cells.
· The multiple sets of cells can be scheduled by DCI format 0_X/1_X from different scheduling cells. 
· Up to N sets of cells can be configured and respectively scheduled by DCI format 0_X/1_X from a same scheduling cell. 
· The value of N is reported as UE capability.
· An indicator is included in the DCI to indicate the scheduled set of cells,
· The size of the indicator is equal to ceil(log2(N)), where N is the number of sets of cells.
· Unique n_CI value is configured for each set of cells.

Agreement
· A new RBG size configuration “Configuration 3” is added with the following values and only used for DCI format 0_X/1_X for RA type 0. 
· RBG size is configured per BWP per cell.
· Independent RA type configuration is applied per BWP per cell for multi-cell scheduling DCI.

              Table 5.1.2.2.1-1 / Table 6.1.2.2.1-1: Nominal RBG size P
	Bandwidth Part Size
	Configuration 1
	Configuration 2
	Configuration 3

	1 – 36 
	2
	4
	8

	37 – 72
	4
	8
	16

	73 – 144
	8
	16
	32

	145 – 275
	16
	16
	32



Agreement
DCI format 0_X / 1_X with CRC scrambled by C-RNTI and MCS-C-RNTI is supported. 

Agreement
For a set of cells which is configured for multi-cell scheduling using DCI format 0_X/1_X, if DCI size budget on the reference cell can’t be maintained after performing Rel-17 DCI size alignment procedures for legacy DCI formats (after step 4C), UE applies zero padding to whichever of DCI formats 0_X or 1_X that has a smaller size to have equal size.

Agreement
· Separate search space sets for DCI format 0_X/1_X and legacy DCI formats are independently configured
· Separate search space sets for DCI format 0_X and 1_X can be independently configured

Agreement
If the UE is configured with two SRS resource sets with ‘codebook’ or ‘non-codebook’, a PUSCH scheduled by DCI format 0_X is always associated with the first SRS resource set with ‘codebook’ or ‘non-codebook’. 

Conclusion
PUSCH repetition Type B operation is not supported with DCI format 0_X (i.e. UE cannot be configured with PUSCH repetition Type B applicable for DCI format 0_1)

Agreement
New RRC parameter of RBG granularity for RA type 1 can be configured per BWP per cell for DCI format 0_X/1_X with same value range applicable for DCI 0_2/1_2.

Agreement
Size of RV field can be configured per BWP per cell for DCI format 0_X/1_X.

Agreement
Size of HPN field can be configured per BWP per cell for DCI format 0_X/1_X.

Agreement
· Priority indicator in DCI format 0_X belongs to Type-1A field.
· The indicated priority is applied to all the co-scheduled PUSCH(s)
· Priority indicator in DCI format 1_X belongs to Type-1A field.
· The indicated priority indicator is applied to the PUCCH.
· RRC parameters is introduced to configure the presence of priority indicator in DCI format 0_X/1_X
· This parameter is per set of cells 

Agreement
· ChannelAccess-Cpext in DCI format 1_X belongs to Type-1A field. 
· The indicated channel access information is applied to the PUCCH and/or SRS (whichever is first).
· ChannelAccess-Cpext-CAPC in DCI format 0_X belongs to Type-1A field. 
· The indicated code point is applied to all the co-scheduled PUSCHs and/or SRS (whichever is first) by DCI format 0_X.

Agreement
Beta_offset indicator in DCI format 0_X belongs to Type-1A field.
· This field is applied to the scheduled PUSCH(s) where the UCI is multiplexed.

Agreement
Inclusion of SCell dormancy indication in DCI format 0_X/1_X is configurable

Agreement
Inclusion of PDCCH monitoring adaptation indication in DCI format 0_X/1_X is configurable

Agreement
Inclusion of minimum applicable scheduling offset indicator in DCI format 0_X/1_X is configurable


9.10.2	Multi-carrier UL Tx switching scheme
RAN1#112
Agreement
Confirm the working assumption with following updates
(working assumption) If two uplink switching are triggered and UL transmissions involved in the two uplink switching are on more than 2 bands within any two consecutive reference slots, then the time duration between the end start of all transmission(s) prior toafter the first uplink switching and the start of all transmission(s) after the second uplink switching within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a summaximum of X us and the switching gap required for the second uplink switching.
· X us is subject to UE capability with a value set of {0us, 500us}

Agreement
Alt.5: gNB configures priorities to each carrier/band.
· The gNB configures priority for each band. The UE determines the switching period location on either switching-from band(s) or switching-to band(s) that is involved in the UL Tx switching and is not with the highest priority band.

2.1.2	Remaining Open issues 
- Finalize RAN1 CRs 
· to introduce support for Multi-cell PUSCH/PDSCH scheduling with a single DCI
· to introduce support for Multi-carrier UL Tx switching scheme
- Finalize RAN1 RRC parameters
- Finalize RAN1 UE capabilities

2.2	RAN2
2.2.1	Agreements
RAN2#121
Multi-carrier UL Tx switching scheme
For UE capability of switching options, introduce a per-band-pair UE capability to report supported switching options for Rel-18 UL Tx switching. 
configure {switchedUL, dualUL} for combination(s) of serving cells (i.e., for each band pair in the band combination)
For RRC configuration to clarify ambiguous Tx state, RAN2 should introduce an RRC configuration that associates a band to another band which the unused Tx chain is switched to when the switch is from concurrent transmission on two bands to 1 Tx transmission on another band.
For UE capability of 2-port UL transmission, RAN2 reuse the per-FS UL-MIMO UE capability (no spec change).

No technical agreements. Status as follows: 
-	For the RAN4 UE capability of unaffected/maintained UL transmission on the unchanged Tx chain when the other Tx chain is switching, and RAN1 UE capability of minimum separation time, RAN2 wait for further RAN4/RAN1 agreements on the attributions, e.g. granularity.  
-	For switching period, RAN2 wait for the RAN4 decision on whether different values can be reported in Rel-18 and whether/how to handle the 1Tx-1Tx switching.
-	Feature Set discussion (P5/P6 etc) is postponed, allow companies to digest.
-	The following is postponed: For Rel-18 UL Tx switching among 3/4 bands, existing signalling uplinkTxSwitching-DualUL-TxState-r17 is reused to indicate the state of Tx chains for dualUL mode. 
-	For Rel-18 UL Tx switching among 3/4 bands, whether new signalling indicating the mode of 1Tx-2Tx switching, 2Tx-2Tx switching[, and 1Tx-1Tx switching] for each band pair is pending to RAN4/RAN1’s further discussion.

2.2.2	Remaining Open issues 
Objectives related to RAN2 from WID on Multi-carrier enhancements for NR as below
- Study and if necessary specify following enhancements for multi-carrier UL operation [RAN1, RAN2, RAN4]
· UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including mechanisms to enable more configured UL bands than its simultaneous transmission capability and to support dynamic Tx carrier switching across the configured bands for both single TAG and multiple TAGs configurations (RAN1, RAN4)
· Remaining issues on UE capability and RRC configuration related signalling (RAN2)
2.3	RAN3
2.3.1	Agreements
2.3.2	Remaining Open issues
2.4	RAN4
2.4.1	Agreements
RAN4#106
RF
R4-2303719	CR for 38.101-1: Time mask for switching across three or four uplink bands
R4-2303719 CR for 38.101-1: Time mask for switching across three or four uplink bands => Endorsed
R4-2303693 WF on Multi-carrier enhancements for NR => Approved
R4-2303507	LS on Rel-18 Multi-carrier enhancement for NR=> Approved

The following agreement is captured in RAN4#106 chairman’s note
Agreement: 
· RAN4 proposes to extend the work item for Multi-carrier enhancements for NR

The following contents are captured in approved WF(R4-2303693)
[bookmark: _Hlk129097166]Topic 1: Tx switching across 3/4 bands with single TAG
Issue 1-1-3: Fallback of Rel-18 Tx switching to Rel-16/17 Tx switching
Candidate options:
· Option 1: 
UE will report the 3/4 band combination with Tx switching capability. It is expected that this gives the network sufficient information on UE capability for Tx switching across all fallback combinations.
· Option 2:
For a band pair supported Rel-18 1T-2T switching, Rel-16 1T-2T switching is supported as well.
For a band pair supported Rel-18 2T-2T switching, Rel-17 2T-2T switching is supported as well.
· Other options are not precluded

Sub-topic 1-3: Applicability of DL interruption
Issue 1-3-1: Issues of different band pairs having different capabilities of DL interruption
Way forward:
· If it is possible for two different band pairs conducting Tx switching across the same time and with overlapping switching period, and if the UE capability of DL interruption on any of the band(s) is different, the worst case for each band should be considered, i.e., DL interruption on one band is allowed if it is allowed when Tx switching is conducted on one of the two band pairs.

Issue 1-3-2: On previous agreements for combinations of SUL+TDD and TDD+TDD CA band combinations
· Way forward for “synchronized CA between SUL configuration (with a SUL band and a TDD band) and TDD band(s) with the same UL-DL pattern across all TDD bands”
· Whether to mandate no DL interruption can be discussed in a case by case (i.e., per band combination basis) manner.

· Way forward for “synchronized CA among 3 or 4 TDD band(s) [‘with the same UL-DL pattern’ or ‘without mandatory simultaneous Rx/Tx requirement’] across all TDD bands, DL interruption is not required”
· No consensus on whether to use ‘with the same UL-DL pattern’ or ‘without mandatory simultaneous Rx/Tx requirement’, and it is recommended to discuss whether to mandate no DL interruption in a case by case (i.e., per band combination basis) manner.

Sub-topic 1-4: CR related issues
Issue 1-4-1: 2-layer UL-MIMO support for carrier(s) capable of 2Tx
Way forward:
· Further discuss on whether or not to mandate 2-layer UL-MIMO support for carrier(s) capable of 2Tx.

Issue 1-4-2: Location of switching period in relation to time T0
Way forward:
· Further discuss on whether or not to define the time relationship between the location of the switching period and T_0 in RAN4 specification, taking into account the RAN1 agreement.
· Note: Similar change to Rel-16/17/18 if any change is needed.

Issue 1-4-3: Time mask for dualUL related switching scenarios
Way forward:
· Further discuss whether and how to cover the following scenario based on the RAN1/2 further agreement. 
[image: ]

· Further discuss whether and how to cover the following scenario based on the RAN1/2 further agreement.
[image: ]
Time mask for one transmitter switching between band X and band Z, and between band Y and band Z, where UE is capable of uplink transmission on band Y during time period of {switching period #1 - switching period #2}, i.e., the UE indicates [TBD-1] in the capability [TBD tx-on-non-affected-band]

[image: ]
Time mask for one transmitter switching between band X and band Z, and between band Y and band Z, where UE is not capable of uplink transmission on band Y during time period of {switching period #1 - switching period #2}, i.e., UE does not indicate [TBD-1] in the capability [TBD tx-on-non-affected-band]

Topic 2: Tx switching with dual TAGs
Sub-topic 2-1: RF specification impact
Way forward:
· RAN4 can further discuss the following two options in RAN4 #106e-bis meeting:
· Option 1: Introduce new time mask requirements 
· Option 1a: To ensure that UE functionality can be properly tested, modify the existing time masks such that Tx switching with uplink slot timing difference between carriers is verified when symbols containing the switching period preceding the time T0 are not scheduled by the test system on either carrier to avoid UE malfunction in the field.
· Option 2: Do not modify the time mask for Tx switching for multiple TAGs. The impact of Tx switching with multiple TAGs can be considered as scheduling restriction. 

Sub-topic 2-2: Clarificaiton on UE behaviour in 2-TAG case
Way forward:
· For UEs declaring the Tx switching support with 2-TAG, the baseline and advanced UE behaviors applies to both 1-TAG and 2-TAG cases.


RRM
<Agreement>: Issue 1-1: whether to define requirements for RTD>9us in non-collocated inter-band scenario for Tx switching with 2 TAGs
For information: R4-2300818 from CMCC provided the maximum RTD that can be supported by the DL interruption lengths (which is derived from RTD=6us). It is observed that the supported RTD values can be more than 9us.
	[image: ]
	NR Slot length (ms)
	Uplink Tx switching period

	
	
	35us
	140us
	210us

	0
	1
	2 (20us RTD)
	3 (33us RTD)
	4 (33us RTD)

	1
	0.5
	3 (19us RTD)
	6 (21us RTD)
	8 (22us RTD)

	2
	0.25
	4 (9us RTD)
	10 (11us RTD)
	14 (11us RTD)



Define the interruption requirements for RTD =< 9 us. Do not define RRM requirements for RTD > 9 us.

<Agreement>: Issue 1-2: DL interruption requirements for Tx switching with 2 TAGs
Background: The principle of deriving DL interruption length for 2TAGs was agreed in R4-2220417.
	<Agreement>: Issue 1-2: The principle of deriving DL interruption length for 2TAGs
As R16/R17 the interruption length in symbols due to UL TX switching is define as, 
Ceil((switching period+2*TA adjustment uncertainty+2*RTD-CP length)/symbol duration)+1



DL interruptions for R18 Tx switching across 3/4 bands with 2 TAGs are as below,
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	NR Slot length (ms)
	Uplink Tx switching period

	
	
	35us
	140us
	210us

	0
	1
	2
	3
	4

	1
	0.5
	3
	6
	8

	2
	0.25
	4
	10
	14

	Note: RTD=9us is assumed to derive the DL interruption length.



2.4.2	Remaining Open issues
Some potential issues related to RAN4 from WID on Multi-carrier enhancements for NR as below
-Specify RF core requirements on UL Tx switching schemes across up to 3 or 4 bands including the following remaining issues.
· Fallback of Rel-18 Tx switching to Rel-16/17 Tx switching
· 2-layer UL-MIMO support for carrier(s) capable of 2Tx
· Time mask for dualUL related switching scenarios
· Location of switching period in relation to time T0
· Additional RF specification impact for Tx switching with dual TAGs
-Specify RRM test cases related to core requirements on UL Tx switching schemes across up to 3 or 4 bands
[RAN4]
2.5	RAN5
2.5.1	Agreements
2.5.2	Remaining Open issues
2.5.3	Remaining Open issues with cross-WG dependencies
2.6	RAN6
2.6.1	Agreements
2.6.2	Remaining Open issues

3.	Detailed progress in SA/CT WGs since last TSG meeting (for all involved WGs)
NOTE: This section only needs to be filled in for WI/SIs where there is a corresponding relevant WI/SI in SA/CT. 
3.1	SAx/CTs
3.1.1	Agreements with cross-TSG impacts
3.1.2	Remaining Open issues with cross-TSG impacts
NOTE: This section should also flag any critical dependencies that need TSG attention. 
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