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Introduction
In RAN1#99 meeting, there were good progresses on MR-DC/CA enhancement, numerous agreements and conclusions were reached.
In this contribution, we provide our opinions on remaining issues on single Tx transmission enhancement, especially on the correction of the specification.
Discussion on remaining issues of single Tx transmission
Uplink power control
According to latest specification 36.213 [1], the new single Tx operation enhancement feature is not introduced in the section of uplink power control. The proposed text proposal is the same as section 6 random access procedure.
Proposal 1: Adopt the proposed text proposal on uplink power control in 36.213.
	5.1 Uplink power control 
< Unchanged parts are omitted >
For a UE configured with EN-DC/NE-DC and serving cell frame structure type 1, if the UE is configured with subframeAssignment-r15 for the serving cell, the UE is not expected to transmit any uplink physical channel or signal in the serving cell on subframes other than offset-UL subframes, where the offset-UL subframes are determined by applying an offset value given by harq-Offset-r15 to the subframes denoted as uplink in the UL/DL configuration subframeAssignment-r15. 
For a UE configured with EN-DC, if the UE does not indicate a capability for dynamic power sharing (as specified in [17]) and if the UE is configured with subframeAssignment-r16 for the serving cell, the UE is not expected to transmit any uplink physical channel or signal in the serving cell on subframes other than offset-UL subframes, where the offset-UL subframes are determined by applying an offset value given by harq-Offset-r16 to the subframes denoted as uplink in the UL/DL configuration subframeAssignment-r16.



TDD UL/DL configuration 0/6
In RAN1#98 meeting, it was agreed that the DL-reference configuration is not applied to EN-DC with TDD UL/DL configuration 0/6 [3], however this is not captured in the specification yet. This agreement is mainly related HARQ-ACK feedback, so it was proposed to capture the agreements in section 7.3 and section 10.
Proposal 2: Capture the text proposal “For a UE configured with EN-DC, if the primary cell UL/DL configuration is 0 or 6, UE is not expected to configure with subframeAssignment-r16.”  in section 7.3 and section 10 of 36.213.
	Agreements:
When UE is configured with DL-reference config on the LTE PCell to support single UL in EN-DC with LTE TDD PCell, regarding the case of LTE PCell’s TDD pattern 0 & 6 (as configured in SIB1) 
· Not supported in R16.


SCell HARQ timing 
For EN-DC with TDD PCell, if CA is supported, the FDD SCell HARQ timing and TDD SCell HARQ timing were agreed in RAN1#96bis and RAN#98 respectively.  
· For the LTE FDD SCell: use the PDSCH ACK timeline defined for SCell as in case of LTE FDD-TDD CA with LTE TDD PCell (i.e. Table 10.1.3A-1 in 36.213) [2]
· For the LTE TDD SCell with different UL/DL configuration (as in SIB1) as the TDD PCell: use the PDSCH ACK timeline for SCell as in case of LTE FDD-TDD CA with LTE TDD PCell (i.e. Table 10.1.3A-1 in 36.213)
· For the LTE TDD SCell with the same UL/DL configuration (as in SIB1) as the TDD PCell: use the same PDSCH ACK timeline as the LTE TDD PCell (i.e. Table 10.1.3.1-1 in 36.213) [3]
According to the agreements, FDD SCell has the same HARQ timeline as TDD SCell with different UL/DL configuration. The text proposals are showing below to correct the FDD SCell HARQ timeline.
Proposal 3: Capture the proposed text proposal to correct the FDD SCell HARQ timeline in section 7.3 and section 10 of 36.213.
	[bookmark: _Toc415085478]7.3	UE procedure for reporting HARQ-ACK
< Unchanged parts are omitted >
If the UE is configured for more than one serving cell, and if the frame structure type of any two configured serving cells is different, and if the primary cell is frame structure type 2, UE procedure for HARQ-ACK reporting is given in Subclause 7.3.4. 
For a UE configured with EN-DC, if the primary cell UL/DL configuration is 0 or 6, UE is not expected to configure with subframeAssignment-r16.
For a UE configured with EN-DC/NE-DC 
-	if serving cell frame structure type 1, and if the UE is configured with subframeAssignment-r15 for the serving cell, or
-	if the UE configured with EN-DC, and if serving cell frame structure type 1, and if the UE is configured with subframeAssignment-r16 for the serving cell, or
-	if the UE configured with EN-DC, and if primary cell frame structure type 2, and if the UE is configured with subframeAssignment-r16 for the primary cell, and if the UE configured with more than one serving cells, and if secondary serving cell frame structure type 2 with different UL/DL configuration than the primary cell, or if secondary serving cell is frame structure type 1,
-	UE procedure for HARQ-ACK reporting for the serving cell is given in Subclause 7.3.4 assuming primary cell frame structure type 2 with "UL/DL configuration" given by subframeAssignment-r15/subframeAssignment-r16 and serving cell frame structure type 1. The UE shall apply an offset value given by harq-Offset-r15/harq-Offset-r16 to the subframe index in the UL/DL configuration for determining the HARQ-ACK reporting for the serving cell. 
-	if the UE configured with EN-DC, and if primary cell frame structure type 2, and if the UE is configured with subframeAssignment-r16 for the primary cell, 
-	UE procedure for HARQ-ACK reporting for the primary cell is given in Subclause 7.3.2.1 assuming the UE is configured with one serving cell with "UL/DL configuration" given by subframeAssignment-r16 and serving cell frame structure type 2. The UE shall apply an offset value given by harq-Offset-r16 to the subframe index in the UL/DL configuration for determining the HARQ-ACK reporting for the serving cell. 
-	if serving cell frame structure type 1, and if the UE is configured with subframeAssignment-r15 for the serving cell, or if the UE configured with EN-DC, and if the UE does not indicate a capability for dynamic power sharing (as specified in [17]), and if the UE is configured with subframeAssignment-r16 for the serving cell, the UE is not expected to transmit any uplink physical channel or signal in the serving cell on subframes other than the offset-UL subframes, where the offset-UL subframes are determined by applying the offset value to the subframes denoted as uplink in the UL/DL configuration. 
-	if serving cell frame structure type 1, and if the UE is configured with subframeAssignment-r15 for the serving cell, or if the UE configured with EN-DC, and if serving cell frame structure type 1, and if the UE is configured with subframeAssignment-r16 for the serving cell, or 
-	For a PDSCH data transmissions signalled via PDCCH/EPDCCH in common search space for which HARQ-ACK response shall be provided, the UE shall assume the value of the DAI field in the corresponding DCI format is equal to '1'. If the UE transmits HARQ-ACK on PUSCH scheduled via PDCCH/EPDCCH in common search space, the UE shall assume the value of the DAI field in the DCI format for scheduling the PUSCH is equal to '1' and the UE is not expected to receive PDSCH scheduled via PDCCH/EPDDCH in UE-specific search space for which the HARQ-ACK response is multiplexed onto the PUSCH.
For a UE configured with EN-DC/NE-DC and more than one serving cells,
-	if primary cell frame structure type 1 and if the UE is configured with subframeAssignment-r15 for the primary cell, or 
-	if the UE configured with EN-DC, and if primary cell frame structure type 1 and if the UE is configured with subframeAssignment-r16 for the primary cell, or 
-	if the UE configured with EN-DC, and if primary cell frame structure type 2 and if the UE is configured with subframeAssignment-r16 for the primary cell and if secondary serving cell is frame structure type 1, or
-	if the UE configured with EN-DC, and if primary cell frame structure type 2 and if the UE is configured with subframeAssignment-r16 for the primary cell and if secondary serving cell has the same UL/DL configuration as the primary cell, 
-	UE procedure for HARQ-ACK reporting of each secondary cell follows the procedure of the primary cell.
< Unchanged parts are omitted >
10	Physical uplink control channel procedures
< Unchanged parts are omitted >
For a UE configured with EN-DC, if the primary cell UL/DL configuration is 0 or 6, UE is not expected to configure with subframeAssignment-r16.
For a UE configured with EN-DC/NE-DC,
-	if serving cell frame structure type 1 and if the UE is configured with subframeAssignment-r15 for the serving cell, 
-	if the UE configured with EN-DC, and if serving cell frame structure type 1, and if the UE is configured with subframeAssignment-r16 for the serving cell, or
-	if the UE configured with EN-DC, and if primary cell frame structure type 2 and if the UE is configured with subframeAssignment-r16 for the primary cell, and if the UE configured with more than one serving cells, and if secondary serving cell frame structure type 2 with different UL/DL configuration than the primary cell, or if secondary serving cell is frame structure type 1,
-	the UE shall apply the procedures described in this clause assuming FDD-TDD and primary cell frame structure type 2 with "UL/DL configuration" given by subframeAssignment-r15/subframeAssignment-r16 and serving cell frame structure type 1. The UE shall apply an offset value given by harq-Offset-r15/harq-Offset-r16 to the subframe index in the UL/DL configuration when applying the procedures in this clause. 
-	if the UE configured with EN-DC, and if primary cell frame structure type 2 and if the UE is configured with subframeAssignment-r16 for the primary cell, and if the UE configured with more than one serving cells,  and if secondary serving cell has the same UL/DL configuration as the primary cell,
-	the UE shall apply the procedures described in this clause assuming the UE is configured with more than one serving cell with "UL/DL configuration" given by subframeAssignment-r16 and serving cell frame structure type 2. The UE shall apply an offset value given by harq-Offset-r16 to the subframe index in the UL/DL configuration when applying the procedures in this clause.
-	if serving cell frame structure type 1 and if the UE is configured with subframeAssignment-r15 for the serving cell, or if the UE configured with EN-DC, and if the UE does not indicate a capability for dynamic power sharing (as specified in [17]), and if the UE is configured with subframeAssignment-r16 for the serving cell, the UE is not expected to transmit any uplink physical channel or signal in the serving cell on subframes other than the offset-UL subframes, where the offset-UL subframes are determined by applying the offset value to the subframes denoted as uplink in the UL/DL configuration. 
-	The UE is configured by higher layers to use PUCCH format 3/4/5 for transmission of HARQ-ACK. 
-	if the UE configured with EN-DC, and if primary cell frame structure type 2 and if the UE is configured with subframeAssignment-r16 for the primary cell, and if the value of the DAI field in the corresponding DCI format is equal to '1' for a PDSCH transmission indicated by detection of a PDCCH/EPDCCH or for a PDSCH transmission on the primary cell where there is not a corresponding PDCCH/EPDCCH detected, the UE shall use PUCCH format 3 for transmission of HARQ-ACK with the PUCCH resource corresponding to the 1st PUCCH resource value configured by the higher layers.


On supporting uplink CA in EN-DC with TDD PCell
In Rel.15 single uplink operation for EN-DC with FDD PCell, the uplink CA is not supported. Thus, it’s natural that uplink CA is not supported by Rel.16 further enhancement single uplink operation for FDD EN-DC. For EN-DC with TDD PCell, to simplify the UL operation, we propose uplink CA is not supported as well. According to current spec, it seems that UL CA is not supported was already captured in the specification.
Observation 1: In current specification, if UE is configured with DL-reference configuration, uplink CA is not supported by Rel.16 single Tx EN-DC with FDD PCell, single Tx EN-DC with TDD PCell and dual Tx operation with FDD PCell.
	8   Physical uplink shared channel related procedures
< Unchanged parts are omitted >
For a UE configured with EN-DC, if the UE does not indicate a capability for dynamic power sharing (as specified in [17]) and if the UE is configured with subframeAssignment-r16 for the serving cell, the UE is not expected to transmit any uplink physical channel or signal in the serving cell on subframes other than offset-UL subframes, where the offset-UL subframes are determined by applying an offset value given by harq-Offset-r16 to the subframes denoted as uplink in the UL/DL configuration subframeAssignment-r16.
For a UE configured with EN-DC/NE-DC, if serving cell frame structure type 1 and if the UE is configured with subframeAssignment-r15 for the serving cell, or if the UE is configured with subframeAssignment-r16 for a serving cell with EN-DC, the UE is not expected to be configured with more than one serving cell in the uplink.


Cross-carrier scheduling 
In Rel.15 single Tx operation in EN-DC, the cross-carrier scheduling is not supported in DL CA. So, this can also apply to Rel.16 EN-DC enhancement, and it seems this was already adopted by the specification.
Observation 2: In current specification, if UE is configured with DL-reference configuration, cross-carrier scheduling is not supported by Rel.16 single Tx EN-DC with FDD PCell, single Tx EN-DC with TDD PCell and dual Tx operation with FDD PCell.
	9	Physical downlink control channel procedures
If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG
-	When the procedures are applied for MCG, the terms 'secondary cell', 'secondary cells' , 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG respectively.
-	When the procedures are applied for SCG, the terms 'secondary cell', 'secondary cells', 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells belonging to the SCG respectively. The term 'primary cell' in this clause refers to the PSCell of the SCG.
If a UE is configured with a LAA Scell, the UE shall apply the procedures described in this clause assuming frame structure type 1 for the LAA Scell unless stated otherwise. 
For a UE configured with EN-DC/NE-DC and more than one serving cell, if primary cell frame structure type 1 and if the UE is configured with subframeAssignment-r15 for the primary cell, or if the UE is configured with subframeAssignment-r16 for a primary cell with EN-DC, the UE is not expected to be configured with carrier indicator field in any of the serving cells.


PUCCH resource
In RAN1#98bis meeting [4], the PUCCH resource for DAI=1 was agreed.
	Agreements:
For single UL operation in EN-DC with LTE TDD PCell, and UE is configured with DL-reference UL/DL configuration, Using only PUCCH formats 3/4/5.
· A default PUCCH format 3 resource is used when the UE only receives PDCCH with DAI=1 and/or SPS PDSCH.
· The default one is corresponding to ARI=00
· Note: the existing multiplexing rule for HARQ-ACK, SR, and CSI onto PUCCH format 3 remains unchanged
· No PUCCH resources are reserved for SPS PDSCH for the UE


According to current LTE specification, there are two cases that UE only receive PDCCH with DAI=1. One is UE receives the only one PDSCH scheduled by PDCCH with DA=1, another is PDCCH indicates SPS release with DAI=1 but without associated PDSCH.
[bookmark: _GoBack]Proposal 4: For DAI=1, adding the case “PDCCH/EPDCCH indicating SPS release” in section 10 of 36.213.
	10	Physical uplink control channel procedures
< Unchanged parts are omitted >
-	if serving cell frame structure type 1 and if the UE is configured with subframeAssignment-r15 for the serving cell, or if the UE configured with EN-DC, and if the UE does not indicate a capability for dynamic power sharing (as specified in [17]), and if the UE is configured with subframeAssignment-r16 for the serving cell, the UE is not expected to transmit any uplink physical channel or signal in the serving cell on subframes other than the offset-UL subframes, where the offset-UL subframes are determined by applying the offset value to the subframes denoted as uplink in the UL/DL configuration. 
-	The UE is configured by higher layers to use PUCCH format 3/4/5 for transmission of HARQ-ACK. 
-	if the UE configured with EN-DC, and if primary cell frame structure type 2 and if the UE is configured with subframeAssignment-r16 for the primary cell, and if the value of the DAI field in the corresponding DCI format is equal to '1' only for a PDSCH transmission indicated by detection of a PDCCH/EPDCCH or for a PDSCH transmission on the primary cell where there is not a corresponding PDCCH/EPDCCH detected, or for PDCCH/EPDCCH indicating downlink SPS release, the UE shall use PUCCH format 3 for transmission of HARQ-ACK with the PUCCH resource corresponding to the 1st PUCCH resource value configured by the higher layers.


Uplink transmission opportunity for dual Tx operation in EN-DC
In RAN1#99 meeting, the following agreements were reached [5].
	Agreements:
For a UE configured with DL-reference DL/UL configuration in Rel-16 (including single Tx with LTE TDD PCell or LTE FDD PCell, and dual Tx cases):
· For type 2 UE (i.e., UE without dynamic power sharing capability), any LTE UL transmissions should take place only in UL subframes designated for HARQ-ACK feedback.
· For type 1 UE (i.e., UE with dynamic power sharing capability), 
· Confirm that any LTE UL transmissions scheduled/triggered by DCI can take place in UL subframes not designated for HARQ-ACK feedback.
· FFS UE is not expected to transmit semi-statically configured LTE UL transmissions in the UL subframes other than those designated as UL in the DL-reference configuration if such transmission collide with NR UL transmissions


With above agreements, type 2 UE UL transmission will limit to UL subframe designated for HARQ-ACK feedback, this requirement is necessary for single Tx operation to avoid the intermodulation interference, however for dual Tx operation,  if the LTE UL transmission is aligned with NR UL slot, this will not cause any hormonic interference. As showing in figure 1, if following last meeting agreements, for type 2 UE, the UL subframe#1, #6 could not be used for data transmission, the LTE UL performance will be degraded unnecessarily. 
[image: ]
Figure1: Dual Tx operation with DL-reference configuration 2
Proposal 5:  For type 2 UE in dual Tx operation, LTE UL transmission is allowed in the NR UL slots.
Conclusion

In this contribution, we discuss the remaining issues related to single Tx EN-DC with FDD PCell, single Tx EN-DC with TDD PCell and dual Tx operation. We have the following the proposals and observation:
Proposal 1: Adopt the proposed text proposal on uplink power control in 36.213.
Proposal 2: Capture the text proposal “For a UE configured with EN-DC, if the primary cell UL/DL configuration is 0 or 6, UE is not expected to configure with subframeAssignment-r16.”  in section 7.3 and section 10 of 36.213.
Proposal 3: Capture the proposed text proposal to correct the FDD SCell HARQ timeline in section 7.3 and section 10 of 36.213.
Observation 1: In current specification, if UE is configured with DL-reference configuration, uplink CA is not supported by Rel.16 single Tx EN-DC with FDD PCell, single Tx EN-DC with TDD PCell and dual Tx operation with FDD PCell.
Observation 2: In current specification, if UE is configured with DL-reference configuration, cross-carrier scheduling is not supported by Rel.16 single Tx EN-DC with FDD PCell, single Tx EN-DC with TDD PCell and dual Tx operation with FDD PCell.
Proposal 4: For DAI=1, adding the case “PDCCH/EPDCCH indicating SPS release” in section 10 of 36.213.
Proposal 5:  For type 2 UE in dual Tx operation, LTE UL transmission is allowed in the NR UL slots.
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