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[bookmark: _Ref521334010]Introduction
[bookmark: OLE_LINK1]At the RAN1 #100 e-meeting, the following were agreed for TEI on half-duplex operation in CA and the corresponding TP in R1-2001475 was endorsed [1]:
Regarding TEI “Half-duplex operation in CA”
           Agreements made during email discussion [95-NR-06] on directional collision handling for half duplex CA operation are adopted in Rel-16.
· Note: Dropping semi SFI U and D on other cell means that UE drops all higher-layer configured transmissions and reception (both RRC U and RRC D) on the other cell, but may receive Dynamic D and transmit Dynamic U, correspondingly.
           A new UE capability to indicate the support for directional collision handling between reference and other cell(s) is introduced.
           A new RRC  parameter to activate directional collision handling between reference and other cell(s).
· Note that: For Half-duplex UEs, UEs that do not indicate the support of this capability should still be able to operate half-duplex TDD CA if network ensures same transmission direction across all the serving cells.
Conclusion:
· It’s understood that for the cases where there is inherent confusion due to , e.g. application order of rules, different numerology, logical/actual timing, it is up to UE implementation. 
In this contribution, we discuss the remaining issues for half-duplex operation in CA.
Discussion
According to the email discussion [95-NR-06], the following was agreed to determine the reference cell for half-duplex UE. 
	Agreement: 
· Half-duplex CA UE determines reference cell per symbol as a cell with the lowest cell ID among multiple serving cells in a band or band combination having direction determined by RRC D/U or semi SFI D/U 
· Note: this overrides earlier agreement ”Reference (Ref) cell is the cell with the lowest cell ID among cells: (i) within the band or band combination and (ii) with conflicting directions, and “Other cell” is any cell within the band or band combination other than the Ref cell. “
· Note: Agreed cases 12, 14, 17 and 18 are not needed anymore
· Note: Agreed cases 9 and 10 should apply to collisions between two cells irrespective of a cell being reference or other



[bookmark: OLE_LINK6][bookmark: OLE_LINK7]According to the agreement, half-duplex CA UE determines reference cell per symbol as a cell with the lowest ID among multiple serving cells in a band or band combination having direction determined by RRC D/U or semi SFI D/U. However, this is not correctly reflected in the CR for TEI, the reference cell is defined as a cell with the smallest cell index among the multiple serving cells in the CR and the meaning of reference cell has changed compared with the agreement above. According to the email discussion after RAN1#99, to avoid the need of resolving the conflict among other cells, the reference cell should always have a direction determined by RRC D/U or semi SFI D/U. 
In addition, the four conditions for reference cell determination should be satisfied at the same time but only one ‘and’ exists in the if conditions. Meanwhile, the last condition for reference cell determination should be satisfied for all the multiple serving cells. The same issue also exist in other if conditions for half-duplex operation in CA.
Hence, a text proposal is provided for 38.213 section 11.1 as below.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 1: Adopt the following corrections for reference cell determination to the half-duplex operation in CA.
[bookmark: _Ref505248562][bookmark: _Toc12021470][bookmark: _Toc20311582][bookmark: _Toc26719407]-------------------------------------------------- Start of text proposal ------------------------------------------------------
[bookmark: _Ref500831375][bookmark: _Toc12021489][bookmark: _Toc20311601][bookmark: _Toc26719426][bookmark: _Toc29894862][bookmark: _Toc29899161][bookmark: _Toc29899579][bookmark: _Toc29917318][bookmark: _Toc36498192]11.1	Slot configuration
*** Unchanged text is omitted ***
If a UE 
-	is configured with multiple serving cells and is provided half-duplex-behavior-r16 = 'enable', and
-	is not capable of simultaneous transmission and reception on any of the multiple serving cells, and
-	indicates support of capability for half-duplex operation in CA with unpaired spectrum, and 
-	is not configured to monitor PDCCH for detection of DCI format 2_0 on any of the multiple serving cells,
for a set of symbols of a slot that are indicated to the UE for reception of SS/PBCH blocks in any of multiple serving cells by ssb-PositionsInBurst in SystemInformationBlockType1 or by ssb-PositionsInBurst in ServingCellConfigCommon, when provided to the UE, the UE does not transmit PUSCH, PUCCH, or PRACH in the slot if a transmission would overlap with any symbol from the set of symbols, and the UE does not transmit SRS in the set of symbols of the slot in any of multiple serving cells.
*** Unchanged text is omitted ***
If a UE
-	is configured with multiple serving cells and is provided half-duplex-behavior-r16 = 'enable', and
-	is not capable of simultaneous transmission and reception on any of the multiple serving cells, and
-	indicates support of capability for half-duplex operation in CA with unpaired spectrum, and 
-	is not configured to monitor PDCCH for detection of DCI format 2-0 on any of the multiple serving cells, 
the UE determines per symbol a reference cell as a cell with the smallest cell index among the multiple serving cells and determines a symbol on the reference cellhaving direction determined to be
-	downlink, or uplink, or flexible as indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated
-	flexible if tdd-UL-DL-ConfigurationCommon is not provided
-	uplink, if the symbol is flexible and the UE is configured to transmit SRS, PUCCH, PUSCH, or PRACH on the symbol
-	downlink, if the symbol is flexible and the UE is configured to receive PDCCH, PDSCH or CSI-RS on the symbol 
If a UE 
-	is configured with multiple serving cells in a frequency band and is provided half-duplex-behavior-r16 = 'enable', and
-	is not capable of simultaneous transmission and reception on any of the multiple serving cells, and
-	indicates support of capability for half-duplex operation in CA with unpaired spectrum, and 
-	is not configured to monitor PDCCH for detection of DCI format 2_0 on any of the multiple serving cells, 
the UE does not expect
-	a symbol to be indicated as downlink or uplink on the reference cell and as uplink or downlink on another cell, respectively, by tdd-UL-DL-ConfigurationCommon or by tdd-UL-DL-ConfigurationDedicated,
-	tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated to indicate a symbol as downlink on the reference cell and to detect a DCI format scheduling a transmission on the symbol on another cell, and
-	to be configured by higher layers to receive PDCCH, PDSCH, or CSI-RS on a flexible symbol on the reference cell and to detect a DCI format scheduling a transmission on the symbol on another cell. 
If the reference cell and another cell for a UE operate in different frequency bands and if the UE 
-	is configured with multiple serving cells and is provided half-duplex-behavior-r16 = 'enable', and
-	is not capable of simultaneous transmission and reception on any of the multiple serving cells, and
-	indicates support of capability for half-duplex operation in CA with unpaired spectrum, and 
-	is not configured to monitor PDCCH for detection of DCI format 2-0 on any of the multiple serving cells, 
the UE 
-	UE assumes symbol as flexible, is not required to receive higher layer configured PDCCH, PDSCH, or CSI-RS and not expected to transmit higher layers configured SRS, PUCCH, PUSCH, or PRACH, when tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated indicates symbol as downlink or uplink on the other cell and as uplink or downlink for the reference cell, respectively,  
-	transmits a signal/channel scheduled by a DCI format on a symbol of the other cell when the symbol is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated for the reference cell,
-	is not required to receive a higher layer configured PDCCH, PDSCH, or CSI-RS on flexible symbols on the reference cell in a set of symbols, if the UE detects a DCI format scheduling a transmission on one or more symbols in the set of symbols on the other cell. 
If a UE 
-	is configured with multiple serving cells and is provided half-duplex-behavior-r16 = 'enable', and
-	is not capable of simultaneous transmission and reception on any cell from the multiple serving cells, and
-	indicates support of capability for half-duplex operation in CA with unpaired spectrum, and 
-	is not configured to monitor PDCCH for detection of DCI format 2-0 on any of the multiple serving cells, 
the UE 
-	does not expect tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated for the reference cell to indicate a symbol as uplink and to detect a DCI format scheduling a reception on the symbol on another cell
[bookmark: _Hlk33186884]-	does not expect to be configured by higher layers to transmit SRS, PUCCH, PUSCH, or PRACH on a flexible symbol on the reference cell and to detect a DCI format scheduling a reception on the symbol on another cell
-	does not transmit a PUCCH, PUSCH or PRACH that is configured by higher layers on a set of symbols on another cell if at least one symbol from the set of symbols is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or is a symbol corresponding to a PDCCH, PDSCH, or CSI-RS reception that is configured by higher layers on the reference cell 
-	does not transmit a SRS that is configured by higher layers on a set of symbols on another cell if the set of symbols is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or corresponds to a PDCCH, PDSCH or CSI-RS reception that is configured by higher layers on the reference cell 
-	does not receive a PDCCH, PDSCH or CSI-RS that is configured by higher layers on a set of symbols on another cell if at least one symbol from the set of symbols is indicated as uplink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or is a symbol corresponding to a SRS, PUCCH, PUSCH, or PRACH transmission that is configured by higher layers on the reference cell
-	assumes a symbol indicated as downlink or uplink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated on another cell to be flexible, if the UE is respectively configured by higher layers to transmit SRS, PUCCH, PUSCH, or PRACH or to receive PDCCH, PDSCH, or CSI-RS on the reference cell
-	does not expect to detect a first DCI format scheduling a transmission or reception on a symbol on a first cell and a second DCI format scheduling a reception or transmission on the symbol on a second cell, respectively
----------------------------------------------------- End of text proposal ------------------------------------------------------

According to the agreement for half-duplex UE operation, UE does not always follow reference cell transmission direction. For example, in case 3 and case 16 as shown in Table 1, UE will drop the transmission on reference cell for inter-band CA, the issue is when transmission directions of multiple other cells are not aligned, UE cannot determine to follow the transmission direction of which cell. 
Table 1 Half-duplex UE behavior in different cases
	No
	Ref cell
	Other cell
	UE behavior
	Note

	3
	Semi SFI D
	Dynamic U
	Alt 1: Allowed to drop D for inter-band
Error case in intra-band
	Overriding semi SFI D to F on reference cell for the UE

	16
	RRC D
	Dynamic U
	Alt 1: Allowed to drop D for inter-band
Error case in intra-band
	



As an example shown in Table 2, if UE is configured with three cells, Pcell is configured with semi SFI D or RRC D, a dynamic U is scheduled on Scell 1 and RRC D is configured on Scell2. Then, according to the agreement, Pcell is the reference cell, UE should drop D on reference cell and transmit dynamic U on Scell1, but there is no conflict between Pcell and Scell2, it is not clear whether a half-duplex UE should drop dynamic U on Scell 1 or drop RRC D on Scell 2. From our perspective, UE should prioritize dynamic U on Scell1 in this case according to the principle of case 3 and case 16.
Table 2 Conflict direction on Scells
	Pcell (Reference cell)
	Scell1
	Scell2
	UE behavior

	Semi SFI D
	Dynamic U
	RRC D
	drop D or drop U?

	RRC D
	Dynamic U
	RRC D
	drop D or drop U?



Proposal 2: For a half-duplex CA UE, if reference cell is semi SFI D or RRC D, UE should drop high layer configured D on other cells if there is dynamic U on one of the other cells.
In addition, the agreements for inter-band CA case are not correctly captured in the specification. Hence, a text proposal is provided below for half-duplex operation in CA in 38.213 section 11.1.
-------------------------------------------------- Start of text proposal ------------------------------------------------------
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]If the reference cell and another cell for a UE operate in different frequency bands and if the UE 
-	is configured with multiple serving cells and is provided half-duplex-behavior-r16 = 'enable', 
-	is not capable of simultaneous transmission and reception on any of the multiple serving cells, 
-	indicates support of capability for half-duplex operation in CA with unpaired spectrum, and 
-	is not configured to monitor PDCCH for detection of DCI format 2-0, 
the UE 
-	UE assumes symbol on the other cell as flexible, is not required to receive higher layer configured PDCCH, PDSCH, or CSI-RS and not expected to transmit higher layers configured SRS, PUCCH, PUSCH, or PRACH, when tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated indicates symbol as downlink or uplink on the other cell and as uplink or downlink for the reference cell, respectively,  
-	transmits a signal/channel scheduled by a DCI format on a symbol of the other cell and is not required to receive a higher layer configured PDCCH, PDSCH, or CSI-RS on the symbol on the reference cell and any of the other cells when the symbol is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated for the reference cell and if the UE detects a DCI format scheduling the transmission on the symbol on the other cell,
-	transmits a signal/channel on a symbol of the other cell and is not required to receive a higher layer configured PDCCH, PDSCH, or CSI-RS on flexible the symbols on the reference cell and any of the other cellsin a set of symbols, if the symbol on the reference cell is flexible and the UE is configured by higher layers to receive PDCCH, PDSCH, or CSI-RS on the symbol on the reference cell and the UE detects a DCI format scheduling a the transmission on one or morethe symbols in the set of symbols on the other cell. 
----------------------------------------------------- End of text proposal ------------------------------------------------------

Conclusion
In this contribution, we discuss remaining issues for half-duplex operation in CA and give the following proposal:
Proposal 1: Adopt the following corrections for reference cell determination to the half-duplex operation in CA.
-------------------------------------------------- Start of text proposal ------------------------------------------------------
11.1	Slot configuration
*** Unchanged text is omitted ***
If a UE 
-	is configured with multiple serving cells and is provided half-duplex-behavior-r16 = 'enable', and
-	is not capable of simultaneous transmission and reception on any of the multiple serving cells, and
-	indicates support of capability for half-duplex operation in CA with unpaired spectrum, and 
-	is not configured to monitor PDCCH for detection of DCI format 2_0 on any of the multiple serving cells,
for a set of symbols of a slot that are indicated to the UE for reception of SS/PBCH blocks in any of multiple serving cells by ssb-PositionsInBurst in SystemInformationBlockType1 or by ssb-PositionsInBurst in ServingCellConfigCommon, when provided to the UE, the UE does not transmit PUSCH, PUCCH, or PRACH in the slot if a transmission would overlap with any symbol from the set of symbols, and the UE does not transmit SRS in the set of symbols of the slot in any of multiple serving cells.
*** Unchanged text is omitted ***
If a UE
-	is configured with multiple serving cells and is provided half-duplex-behavior-r16 = 'enable', and
-	is not capable of simultaneous transmission and reception on any of the multiple serving cells, and
-	indicates support of capability for half-duplex operation in CA with unpaired spectrum, and 
-	is not configured to monitor PDCCH for detection of DCI format 2-0 on any of the multiple serving cells, 
the UE determines per symbol a reference cell as a cell with the smallest cell index among the multiple serving cells and determines a symbol on the reference cellhaving direction determined to be
-	downlink, or uplink, or flexible as indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated
-	flexible if tdd-UL-DL-ConfigurationCommon is not provided
-	uplink, if the symbol is flexible and the UE is configured to transmit SRS, PUCCH, PUSCH, or PRACH on the symbol
-	downlink, if the symbol is flexible and the UE is configured to receive PDCCH, PDSCH or CSI-RS on the symbol 
If a UE 
-	is configured with multiple serving cells in a frequency band and is provided half-duplex-behavior-r16 = 'enable', and
-	is not capable of simultaneous transmission and reception on any of the multiple serving cells, and
-	indicates support of capability for half-duplex operation in CA with unpaired spectrum, and 
-	is not configured to monitor PDCCH for detection of DCI format 2_0 on any of the multiple serving cells, 
the UE does not expect
-	a symbol to be indicated as downlink or uplink on the reference cell and as uplink or downlink on another cell, respectively, by tdd-UL-DL-ConfigurationCommon or by tdd-UL-DL-ConfigurationDedicated,
-	tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated to indicate a symbol as downlink on the reference cell and to detect a DCI format scheduling a transmission on the symbol on another cell, and
-	to be configured by higher layers to receive PDCCH, PDSCH, or CSI-RS on a flexible symbol on the reference cell and to detect a DCI format scheduling a transmission on the symbol on another cell. 
If the reference cell and another cell for a UE operate in different frequency bands and if the UE 
-	is configured with multiple serving cells and is provided half-duplex-behavior-r16 = 'enable', and
-	is not capable of simultaneous transmission and reception on any of the multiple serving cells, and
-	indicates support of capability for half-duplex operation in CA with unpaired spectrum, and 
-	is not configured to monitor PDCCH for detection of DCI format 2-0 on any of the multiple serving cells, 
the UE 
-	UE assumes symbol as flexible, is not required to receive higher layer configured PDCCH, PDSCH, or CSI-RS and not expected to transmit higher layers configured SRS, PUCCH, PUSCH, or PRACH, when tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated indicates symbol as downlink or uplink on the other cell and as uplink or downlink for the reference cell, respectively,  
-	transmits a signal/channel scheduled by a DCI format on a symbol of the other cell when the symbol is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated for the reference cell,
-	is not required to receive a higher layer configured PDCCH, PDSCH, or CSI-RS on flexible symbols on the reference cell in a set of symbols, if the UE detects a DCI format scheduling a transmission on one or more symbols in the set of symbols on the other cell. 
If a UE 
-	is configured with multiple serving cells and is provided half-duplex-behavior-r16 = 'enable', and
-	is not capable of simultaneous transmission and reception on any cell from the multiple serving cells, and
-	indicates support of capability for half-duplex operation in CA with unpaired spectrum, and 
-	is not configured to monitor PDCCH for detection of DCI format 2-0 on any of the multiple serving cells, 
the UE 
-	does not expect tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated for the reference cell to indicate a symbol as uplink and to detect a DCI format scheduling a reception on the symbol on another cell
-	does not expect to be configured by higher layers to transmit SRS, PUCCH, PUSCH, or PRACH on a flexible symbol on the reference cell and to detect a DCI format scheduling a reception on the symbol on another cell
-	does not transmit a PUCCH, PUSCH or PRACH that is configured by higher layers on a set of symbols on another cell if at least one symbol from the set of symbols is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or is a symbol corresponding to a PDCCH, PDSCH, or CSI-RS reception that is configured by higher layers on the reference cell 
-	does not transmit a SRS that is configured by higher layers on a set of symbols on another cell if the set of symbols is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or corresponds to a PDCCH, PDSCH or CSI-RS reception that is configured by higher layers on the reference cell 
-	does not receive a PDCCH, PDSCH or CSI-RS that is configured by higher layers on a set of symbols on another cell if at least one symbol from the set of symbols is indicated as uplink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or is a symbol corresponding to a SRS, PUCCH, PUSCH, or PRACH transmission that is configured by higher layers on the reference cell
-	assumes a symbol indicated as downlink or uplink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated on another cell to be flexible, if the UE is respectively configured by higher layers to transmit SRS, PUCCH, PUSCH, or PRACH or to receive PDCCH, PDSCH, or CSI-RS on the reference cell
-	does not expect to detect a first DCI format scheduling a transmission or reception on a symbol on a first cell and a second DCI format scheduling a reception or transmission on the symbol on a second cell, respectively
----------------------------------------------------- End of text proposal ------------------------------------------------------
Proposal 2: For a half-duplex CA UE, if reference cell is semi SFI D or RRC D, UE should drop high layer configured D on other cells if there is dynamic U on one of the other cells.
A text proposal is provided below for half-duplex operation in CA in 38.213 section 11.1.
-------------------------------------------------- Start of text proposal ------------------------------------------------------
If the reference cell and another cell for a UE operate in different frequency bands and if the UE 
-	is configured with multiple serving cells and is provided half-duplex-behavior-r16 = 'enable', 
-	is not capable of simultaneous transmission and reception on any of the multiple serving cells, 
-	indicates support of capability for half-duplex operation in CA with unpaired spectrum, and 
-	is not configured to monitor PDCCH for detection of DCI format 2-0, 
the UE 
-	UE assumes symbol on the other cell as flexible, is not required to receive higher layer configured PDCCH, PDSCH, or CSI-RS and not expected to transmit higher layers configured SRS, PUCCH, PUSCH, or PRACH, when tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated indicates symbol as downlink or uplink on the other cell and as uplink or downlink for the reference cell, respectively,  
-	transmits a signal/channel scheduled by a DCI format on a symbol of the other cell and is not required to receive a higher layer configured PDCCH, PDSCH, or CSI-RS on the symbol on the reference cell and any of the other cells when the symbol is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated for the reference cell and if the UE detects a DCI format scheduling the transmission on the symbol on the other cell,
-	transmits a signal/channel on a symbol of the other cell and is not required to receive a higher layer configured PDCCH, PDSCH, or CSI-RS on flexible the symbols on the reference cell and any of the other cellsin a set of symbols, if the symbol on the reference cell is flexible and the UE is configured by higher layers to receive PDCCH, PDSCH, or CSI-RS on the symbol on the reference cell and the UE detects a DCI format scheduling a the transmission on one or morethe symbols in the set of symbols on the other cell. 
----------------------------------------------------- End of text proposal ------------------------------------------------------
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