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Introduction
In this document, we summarize the open issues and topics discussed in related contributions [1]-[7] to RAN1 #98bis under agenda item 7.2.13.2.
Some previous agreements
In RAN #81 [15], it was agreed to include the single Tx enhancements for the R16 work item on “MR-DC and CA enhancements”[16]. The WID was also updated in RAN #84 [17] as follows:
 
	6. Study and, if found beneficial over the existing single Tx switched uplink solution, specify enhancements to single Tx switched uplink solution for EN-DC, such as allowing all DL and UL subframes for data transmission for both NR and LTE. [RAN1].

Note: UE in single Tx switched uplink mode is not expected to be scheduled simultaneous transmission on MCG and SCG

7. Enable the Release 15 behaviour of “DL HARQ timing for FDD Scell for LTE TDD-FDD CA with TDD Pcell, applied to FDD Pcell” to apply to dual uplink EN-DC, possibly including any conclusions on the previous objective (6) for LTE FDD Pcells [RAN1].




Later, in RAN1 Ad-Hoc #1901[17], the following agreement was made:
	Agreements:
· It is concluded that it is beneficial to specify enhancements to single Tx switched uplink solution for EN-DC over the existing single Tx switched uplink solution, e.g. via introducing a new reference HARQ configuration using NR/LTE Rel-15 or LTE eIMTA solution, etc.



In RAN1 #96, a similar “SUO case 1” with DL-reference HARQ timing as in the EN-DC with LTE FDD PCell was agreed for EN-DC with LTE TDD PCell [12]:
	Agreements:
For single tx switched UL in EN-DC with TDD PCell, the LTE PCell can be configured with DL-reference UL/DL config 
· For DL HARQ timing, the DL-reference UL/DL configuration is applied
· Only LTE TDD Pattern 2, 4, 5 can be used as DL-reference 
· For UL HARQ timing is the same as without reference configuration for PCell’s UL/DL configuration other than TDD pattern 0/6, 
· FFS: whether/how to support TDD pattern 0/6 for LTE PCell 
· UE is not expected to transmit on the MCG and SCG simultaneously 
· For type 2 UE (i.e., UE without dynamic power sharing capability): 
· UE is allowed to transmit LTE PUSCH only in the UL subframes designated as UL in the DL-reference configuration 
· For type 1 UE (i.e., UE with dynamic power sharing capability): 
· The UE should not assume that LTE PUSCH is only scheduled in the UL subframes associated configured by the DL-reference configuration
· The UE should not assume that NR PUSCH is only scheduled in the remaining UL subframes other than those configured by the DL-reference configuration
· If there is a collision, 
· In the UL subframes designated as UL in the DL-reference configuration, UE is expected to drop NR PUSCH 
· In other UL subframes, UE behaviour to be expected to specified with details FFS
· E.g., drop LTE PUSCH, drop NR PUSCH, etc. 
· FFS for the case of NR SRS & NR PRACH
· Note: the impact of switching time (if non-zero) will be further studied.
· Note: the above does not assume any restriction between gNB and eNB (e.g., tight coordination)
· FFS: whether/how to support HARQ-offset (similar as in SUO case 1 in EN-DC with LTE FDD PCell) 



In RAN1#96bis
	Agreements:
For DL HARQ timing corresponding to the DL-reference UL/DL configuration used in single Tx in EN-DC with TDD Pcell, the following clarifications are agreed: 
· For the LTE TDD PCell: use the PDSCH ACK timeline as in Table 10.1.3.1-1 in 36.213. 
· For LTE DL CA, the SCell uses the same DL-reference UL/DL configuration as the PCell 
· 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) 
· FFS 
· 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)
Agreements:
For single UL operation in EN-DC with LTE TDD PCell, and UE is configured with DL-reference UL/DL configuration, 
· Support PUCCH formats 3/4/5, PUCCH fallback operation based on implicit resource indication is not supported. 
· FFS PUCCH format and resource determination when the UE only receives DAI=1 
· FFS whether or not there are any additional issues related to SPS 



In RAN1#98 [6], progress were made on DL HARQ timing for LTE TDD S-Cells, HARQ-offset for SUO case 1, and supportable LTE PCell’s TDD patterns for SUO case 1, as referenced below:

	Agreements:
· Regarding the FFS part (in change marks) in the agreement from RAN1 #96bis:
For DL HARQ timing corresponding to the DL-reference UL/DL configuration used in single Tx in EN-DC with TDD Pcell, the following is agreed:
· For LTE DL CA, the SCell uses the same DL-reference UL/DL configuration as the PCell (already agreed in RAN1 #96bis)
· 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)

· Support HARQ-offset for SUO case1 in EN-DC with LTE TDD PCell 
· Note: from UE perspective, it is expected that HARQ-offset value doesn’t violate the DL/UL configuration (in SIB1).
· For type 1 UE, the feature is optional. FFS for type 2 UE.

Agreements:
R15 specification on “DL HARQ timing for FDD Scell for LTE TDD-FDD CA with TDD Pcell, applied to FDD Pcell” (i.e., case1 HARQ timing in single UL), is applied to EN-DC UE capable of dual UL Tx in EN-DC with LTE FDD PCell to mitigate DL de-sensing due to Harmonics, at least including:
· UE behavior specified in 36.213 and 36.212
· FFS: all uplink subframes can be scheduled for LTE

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.





In RAN1 #98bis, further conclusions were made on LTE PUCCH formats during fallback, RACH resources configuration, RRC signaling for utilizing single Tx mechanisum on dual Tx UE, as referenced below:
	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

Agreements:
If a UE is configured with Case1 HARQ timing in EN-DC, with LTE TDD Pcell and (as a working assumption) with LTE FDD PCell, UE’s PRACH resource configurations are not limited to the UL subframes given by the DL-reference config.
· For type 1 UE (i.e. with fast communication between LTE and NR modems): if the UE’s LTE PRACH transmission collides with an NR UL transmission, LTE PRACH transmission is prioritized 
· For type 2 UE (i.e. without fast communication between LTE and NR modems): the UE is not required to support transmission of LTE PRACH transmission which does not coincide with the configured HARQ-ACK transmission occasions


Agreements:
· [bookmark: _Hlk22080274]Introduce a new UE capability of supporting DL reference configuration for dual-Tx UL (e.g., to handle DL de-sensing from harmonics)

Agreements:
· For the single-Tx case, for FDD LTE Pcell,
· All uplink subframes can be scheduled for LTE for type 1 UEs
· In which case, NR transmission is dropped for when the LTE and NR transmissions collide
· Note: there is no change of UL scheduling timing for LTE
Agreements:
· For the dual-Tx case, for FDD LTE Pcell,
· All uplink subframes can be scheduled for LTE at least for type 1 UEs 
· Note: there is no change of UL scheduling timing for LTE

Agreements:
· Support new RRC signaling “tdm-PatternConfig-r16” to configure a UE with a DL-reference config to the MCG PCell (LTE FDD) according to Rel-16 behavior
· FFS: Introduce a new per-BC capability bit for UE to indicate that DL de-sensing from Harmonic need to be handled by configuring DL-reference config to the LTE PCell and limit LTE UL transmissions to a subset of the subframes




RACH resource configuration
Main open issue: it was agreed in RAN1 #98bis that if a UE is configured with Case1 HARQ timing in EN-DC, with LTE TDD Pcell, UE’s PRACH resource configurations are not limited to the UL subframes given by the DL-reference config. However, for the case of LTE FDD PCell, it was still listed as a working assumption due to a potential concern on impact to existing R15 implementation.

Background: it was agreed in RAN1 #90bis that PRACH resource configuration and transmission should satisfy the following for the case of LTE FDD PCell:
	Agreement: 
· For Case 1, FDD timing configuration (i.e., periodicity and offset) is applied to LTE PRACH and SRS on LTE UL carriers.
· The UE is not required to support transmission of LTE PRACH or SRS transmission which does not coincide with the configured HARQ-ACK transmission occasions


Therefore, the new agreement is consistent with the previous agreement in R15 for LTE FDD PCell.

Offline agreement: confirm the working assumption part of the agreement from RAN1 #98bis below:
If a UE is configured with Case1 HARQ timing in EN-DC, with LTE TDD Pcell and (as a working assumption) with LTE FDD PCell, UE’s PRACH resource configurations are not limited to the UL subframes given by the DL-reference config.
· For type 1 UE (i.e. with fast communication between LTE and NR modems): if the UE’s LTE PRACH transmission collides with an NR UL transmission, LTE PRACH transmission is prioritized 
· For type 2 UE (i.e. without fast communication between LTE and NR modems): the UE is not required to support transmission of LTE PRACH transmission which does not coincide with the configured HARQ-ACK transmission occasions
UE handling of “collision” between UL transmissions over MCG and SCG
Main open issue: 
· for type 1 UE, if there is a collision in UL subframes other than those designated as UL in the DL-reference configuration, what is the UE behavior? Should it be specified or up to UE implementation?
· How about LTE UL tx other than PUSCH?

Background: 
· It was stated in WID [15] that “UE in single Tx switched uplink mode is not expected to be scheduled simultaneous transmission on MCG and SCG”
· It was agreed in RAN1 #96 that for single Tx in EN-DC with LTE TDD PCell
· for type 1 UE, 
· The UE should not assume that LTE PUSCH is only scheduled in the UL subframes associated configured by the DL-reference configuration
· The UE should not assume that NR PUSCH is only scheduled in the remaining UL subframes other than those configured by the DL-reference configuration
· If there is a collision 
· in the UL subframes designated as UL in the DL-reference configuration, UE is expected to drop NR PUSCH
· In other UL subframes, UE behaviour to be expected to specified with details FFS
· E.g., drop LTE PUSCH, drop NR PUSCH, etc. 
· FFS for the case of NR SRS & NR PRACH
· For type 2 UE (i.e., UE without dynamic power sharing capability): 
· UE is allowed to transmit LTE PUSCH only in the UL subframes designated as UL in the DL-reference configuration
· It was agreed in RAN1 #98bis that
· For the single-Tx case, for FDD LTE Pcell,
· All uplink subframes can be scheduled for LTE for type 1 UEs
· In which case, NR transmission is dropped for when the LTE and NR transmissions collide
Below is summary of companies’ positions/proposals:
	Company 
	Proposal 

	Huawei
	Proposal 1: For the single-Tx case, for FDD LTE Pcell, the LTE uplink subframes that are only overlapped with NR downlink slot(s) in time domain can be scheduled for LTE for type 2 UEs. Specify one of the following two options:
- Option 1: UE is allowed to be scheduled in the LTE uplink subframes that only correspond to NR downlink slot(s) in time domain, and UE is not required to transmit LTE PUSCH/SRS in the uplink subframes that overlapping with NR uplink slot(s).
- Option 2: UE is allowed to be scheduled in the LTE uplink subframes that only correspond to NR downlink slot(s) in time domain, and UE shall drop LTE PUSCH/SRS in the uplink subframes that overlapping with NR uplink slot(s

	ZTE
	Proposal 1: Further discuss collision issue for single TX UE with LTE TDD PCell

	Samsung
	Proposal 1: For type 1 EN-DC UEs with LTE TDD Pcell, NR transmission is dropped if there is a collision between LTE transmission and NR transmission

	Qualcomm
	Proposal: For a UE configured with tdm-PatternConfig in Rel.16:
· 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), any LTE UL transmissions scheduled/triggered by DCI can take place in UL subframes not designated for HARQ-ACK feedback.
· For type 1 UE (i.e., UE with dynamic power sharing capability):
· Semi-statically configured LTE UL transmissions are transmitted only in UL subframes designated for HARQ-ACK feedback. For single-Tx case, in the other UL subframes, the collision between LTE (except LTE PRACH) and NR transmissions is treated as an error case.

	MediaTek
	Proposal 4: For the single-Tx case, for TDD LTE Pcell,
· All uplink subframes can be scheduled for LTE for type 1 UEs
· In which case, NR transmission is dropped for when the LTE and NR transmissions collide




It is desirable that we maximize the common design between cases with LTE TDD PCell and with LTE FDD PCell, both from specification simplicity and UE implementation perspectives. Currently, for single-Tx with TDD LTE PCell, it was agreed to drop NR only in UL subframes designated as UL in the DL-ref config, while for other UL subframes it is still listed as FFS. Therefore, we propose the following:

Offline agreement:
· For the single-Tx case, for TDD LTE Pcell,
· All uplink subframes can be scheduled for LTE for type 1 UEs
· In which case, NR transmission is dropped for when the LTE and NR transmissions collide

Offline agreement: 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 needed) 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.


---------------------brought up after the Monday offline discussion-----------------------

Proposal: for dual Tx UE configured with DL-reference config in EN-DC, the UE does not expect LTE UL to collide with NR DL.


Proposal: Clarify the notes in the following two agreements from RAN1 #98bis (only high-lighted text is updated):

Agreements:
· For the single-Tx case, for FDD LTE Pcell,
· All uplink subframes can be scheduled for LTE for type 1 UEs
· In which case, NR transmission is dropped for when the LTE and NR transmissions collide
· Note: there is no change of UL scheduling timing for LTE compared to R15 single-Tx with LTE FDD PCell
Agreements:
· For the dual-Tx case, for FDD LTE Pcell,
· All uplink subframes can be scheduled for LTE at least for type 1 UEs 
· Note: there is no change of UL scheduling timing for LTE compared to R15 single-Tx with LTE FDD PCell

Newly Introduced RRC parameters and UE behaviour
Background: It was agreed in RAN1 #98bis to introduce the following new RRC parameters to support Rel-16 enhanced behavior:
Agreements:
· Support new RRC signaling “tdm-PatternConfig-r16” to configure a UE with a DL-reference config to the MCG PCell (LTE FDD) according to Rel-16 behavior
· FFS: Introduce a new per-BC capability bit for UE to indicate that DL de-sensing from Harmonic need to be handled by configuring DL-reference config to the LTE PCell and limit LTE UL transmissions to a subset of the subframes 

Agreements:
Introduce a new UE capability of supporting DL reference configuration for dual-Tx UL (e.g., to handle DL de-sensing from harmonics)

However, there were quite some questions/comments raised afterwards, as well as in the contributions to RAN1#99, asking for further clarifications, e.g., [4]. The main question is that 1) “tdm-PatternConfig-r16” applies to both single-Tx and dual-Tx UE? 2) there seem to be different UE behaviors agreed in different cases for Rel-16 enhancements, whether need different signal to differentiate these?

Below is a summary of companies’ views/proposals from the contributions to RAN1 #98:

	Company
	proposal

	Huawei
	Observation: RRC signaling tdm-PatternConfig-r15 cannot be applied to Rel-16 single-Tx UEs because of different UE behaviors. As a result, RRC signaling tdm-PatternConfig-r16 is applied for both single-Tx and dual-Tx UEs.


	ZTE
	Proposal 3: Further discuss RRC parameter for Rel-16 single TX UE with LTE TDD PCell

	MediaTek
	Proposal 3: Define new capability signal for single UL transmission (ex: singleUL-Transmission-r16) corresponding to the newly agreed RRC signaling “tdm-PatternConfig-r16” in RAN1 98bis to distinguish supported R15/R16 single UL UE behavior (ex. the UL scheduling flexibility and the corresponding dropping rules for collision).


	Samsung
	Proposal 2: Current UE capability signalling to address IMD inteference should be updated to support dual UL TX UEs.


	Nokia
	Proposal: Bundle all the Rel-16 configuration cases under the tdm-PatternConfig-r16
Proposal: Introduce 3 new UE capabilities to represent the abovementioned three new TDM pattern cases

	Ericsson
	Proposal 2
· Introduce new UE capability to indicate UE support for Rel16 UE behavior when a single-tx UE is configured with tdm-PatternConfig-r16.




In addition, companies have summarized different UE behaviors in different use cases under the Rel-15/16 RRC configurations, which can be summarized as below:

	Use case
	UE behaviour
	RRC parameter
	RRC parameter and capability
Option 1
	RRC parameter and capability
Option 2

	
Rel-15 single UL operation with LTE FDD PCell
	1. LTE uplink is restricted within the uplink subframes designated by DL-reference configuration;
2. HARQ offset is a mandatory IE within tdm-PatternConfig-r15
	tdm-PatternConfig-r15
	
	

	
Rel-16 dual UL operation with LTE FDD PCell
	1. LTE uplink is NOT restricted within the uplink subframes designated by DL-reference configuration;
2. HARQ offset should be a mandatory IE within tdm-PatternConfig-r16
	 tdm-PatternConfig-r16
	tdm-PatternConfig-2Tx-r16
	tdm-PatternConfig-r16
with FDD PCell DN-DC band combination, and harmonic interference indication

	
Rel-16 single UL operation with LTE TDD PCel
	1. LTE uplink (at least for PUSCH) is NOT restricted within the uplink subframes designated by DL-reference configuration;
2. PRACH transmission is not limited to the UL subframes given by the DL-reference config for type 1 UE.
3. HARQ offset is an optional UE feature for type 1 UE, in this case, HARQ-offset should be an optional IE within tdm-PatternConfig-r15/16 or HARQ-offset shall be set as 0 for UEs not supporting HARQ-offset.
4. DL-reference configuration can be: {2,4,5}
	?
	tdm-PatternConfig-1Tx-TDD-r16
	tdm-PatternConfig-r16
with TDD PCell DN-DC band combination

	
Rel-16 single UL operation with LTE FDD PCell
	1. All uplink subframes can be scheduled for LTE for type 1 UE;
2. Working assumption: PRACH transmission is not limited to the UL subframes given by the DL-reference config for type 1 UE.
3. HARQ offset is a mandatory IE within tdm-PatternConfig-r15
	?
	tdm-PatternConfig-1Tx-FDD-r16
	tdm-PatternConfig-r16
with FDD PCell DN-DC band combination




As it is suggested in [4], it is cleaner that from network configuration perspective, all 3 different cases in R16 share a common configuration, i.e., tdm-PatternConfig-r16, where the expected UE behavior is implicitly assumed according to the exact use scenario. On the other hand, it becomes cleaner for UE to indicate explicitly to the network which type of behavior or configuration scenario that UE can support:

Offline agreement: clarify that “tdm-PatternConfig-r16” as agreed in RAN1 #98bis is applied in both single Tx case  (with LTE TDD PCell or LTE FDD PCell) and dual-Tx case. 

Proposal 2: introduce 2 separate UE capabilities to indicate UE support of enhanced R16 single Tx operation for EN-DC with LTE TDD PCell and LTE FDD PCell, respectively. 
· Note, the R16 UE capability for supporting DL ref-config for dual Tx operation has already been agreed in RAN1 #98bis.
HARQ offset constraint
Background: HARQ offset has been agreed to be supported for both R15 and R16 single-Tx. For EN-DC with LTE FDD PCell, the HARQ offset can be any value between 0 and 9. However, for the case of EN-DC with LTE TDD PCell, only a subset of HARQ offset values are legitimate, depending on the PCell’s TDD pattern and the DL-ref configuration.

Table below from [1] summarizes the set of legitimate HARQ offset values

	Pcell Cell-specific TDD config
	DL-Reference TDD config
	Valid HARQ-offset value

	1
	2
	 (0,1,5,6)

	
	4
	(0,5)

	
	5
	(0,1,5,6)

	2
	5
	(0,5)

	3
	4
	(0,1)

	
	5
	(0,1,2)

	4
	5
	(0,1)



Therefore, it is clear to conclude the following:

Potential agreement: The value range of HARQ-offset is {0, 1, 2, 5, 6} in the DL-reference configuration for SUO of EN-DC with LTE TDD PCell.

Configuration of SRS resource 
Main open issue: should network config SRS resource differently for dual Tx UE and UE operating in SUO case 1? Should type 1 and type 2 UE be treated differently?

Background: it was agreed in RAN1 #90bis that SRS resource configuration and transmission in R15 should satisfy the following:
	Agreement: 
· For Case 1, FDD timing configuration (i.e., periodicity and offset) is applied to LTE PRACH and SRS on LTE UL carriers.
· The UE is not required to support transmission of LTE PRACH or SRS transmission which does not coincide with the configured HARQ-ACK transmission occasions




Below is summary of companies’ positions/proposals from contributions:
	Company
	proposal

	Huawei
	Proposal 3: For LTE uplink subframes configured by DL-reference TDD configuration, if the last symbol is reserved not to transmit, then the NR SRS overlapping in time with the reserved LTE symbol is allowed to transmit for EN-DC type 2 UE.



[bookmark: _GoBack]
Proposal: For LTE uplink subframes configured by DL-reference configuration, if the last symbol is reserved not to transmit, then the NR SRS overlapping in time with the reserved LTE symbol is allowed to transmit for EN-DC type 2 UE.
· Feasibility of the SRS transmission is subject to UE reported minimal switching gap
· Note: it was agreed previously that switching gap is 0 for single UL in EN-DC with LTE FDD PCell

Appendix: Summary of proposals
R1-1911880, “Enhancements for single UL operation for EN-DC”, Huawei, HiSilicon

Observation: RRC signaling tdm-PatternConfig-r15 cannot be applied to Rel-16 single-Tx UEs because of different UE behaviors. As a result, RRC signaling tdm-PatternConfig-r16 is applied for both single-Tx and dual-Tx UEs.

Proposal 1: For the single-Tx case, for FDD LTE Pcell, the LTE uplink subframes that are only overlapped with NR downlink slot(s) in time domain can be scheduled for LTE for type 2 UEs. Specify one of the following two options:
- Option 1: UE is allowed to be scheduled in the LTE uplink subframes that only correspond to NR downlink slot(s) in time domain, and UE is not required to transmit LTE PUSCH/SRS in the uplink subframes that overlapping with NR uplink slot(s).
- Option 2: UE is allowed to be scheduled in the LTE uplink subframes that only correspond to NR downlink slot(s) in time domain, and UE shall drop LTE PUSCH/SRS in the uplink subframes that overlapping with NR uplink slot(s).
Proposal 2: The value range of HARQ-offset is {0, 1, 2, 5, 6} in the DL-reference TDD configuration for SUO of EN-DC with TDD PCell.
Proposal 3: For LTE uplink subframes configured by DL-reference TDD configuration, if the last symbol is reserved not to transmit, then the NR SRS overlapping in time with the reserved LTE symbol is allowed to transmit for EN-DC type 2 UE.
Proposal 4: For EN-DC UE with FDD PCell configured with Case 1 HARQ timing, if the UE shall transmit HARQ-ACK on PUSCH scheduled via PDCCH/EPDCCH in common search space,
-	if the HARQ-ACK corresponds to PDSCH 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'; 
-   if the HARQ-ACK corresponds to PDSCH scheduled via PDCCH/EPDCCH in UE specific search space, the UE determines the HARQ-ACK feedback bits following the same procedure as the case that the PUSCH transmission is not performed based on a detected PDCCH/EPDCCH with DCI format 0/4

R1-1911971, “Discussion on single Tx switched uplink solution for EN-DC”, ZTE

Proposal 1: Further discuss collision issue for single TX UE with LTE TDD PCell.
Proposal 2: For type 1 UE incapable of dual PA, LTE PUSCH is only allowed in the UL subframes designated as UL in the DL-reference configuration.
Proposal 3: Further discuss RRC parameter for Rel-16 single TX UE with LTE TDD PCell.


R1-1912100, “Enhancements to Single UL Operations for EN-DC”, MediaTek
Proposal 1: Clarify the UE behavior of the following agreement in RAN1 98-bis whether NR DL (3.6GHz) can collide with LTE UL (1.8GHz). If so, NR transmission should be dropped.
Agreements:
· For the dual-Tx case, for FDD LTE Pcell,
· All uplink subframes can be scheduled for LTE at least for type 1 UEs 
· Note: there is no change of UL scheduling timing for LTE
Proposal 2: For the “Note: there is no change of UL scheduling timing for LTE” in the agreement, it should be clarified that the note means no change compared to “Rel-15 LTE behavior” but not “Legacy LTE behavior”.
Proposal 3: Define new capability signal for single UL transmission (ex: singleUL-Transmission-r16) corresponding to the newly agreed RRC signaling “tdm-PatternConfig-r16” in RAN1 98bis to distinguish supported R15/R16 single UL UE behavior (ex. the UL scheduling flexibility and the corresponding dropping rules for collision).
Proposal 4: For the single-Tx case, for TDD LTE Pcell,
· All uplink subframes can be scheduled for LTE for type 1 UEs
· In which case, NR transmission is dropped for when the LTE and NR transmissions collide


R1-1912496, “Enhancements to single Tx switched UL for EN-DC”, Samsung
Proposal 1: For type 1 EN-DC UEs with LTE TDD Pcell, NR transmission is dropped if there is a collision between LTE transmission and NR transmission.
Proposal 2: Current UE capability signalling to address IMD inteference should be updated to support dual UL TX UEs.


R1-1912999, “PUCCH formats for 1Tx switched uplink operation for TDD EN-DC”, Nokia, Nokia Shanghai Bell

Proposal: Bundle all the Rel-16 configuration cases under the tdm-PatternConfig-r16
Proposal: Introduce 3 new UE capabilities to represent the abovementioned three new TDM pattern cases


R1-1912833, “Remaining issues on enhancements to Single Tx Switched Uplink solution for EN-DC”, Apple Inc.
Proposal 1: confirm to working assumption in the agreement on PRACH resource configuration made in RAN1 #98bis, i.e., update the agreement as follows:
If a UE is configured with Case1 HARQ timing in EN-DC, with LTE TDD Pcell and (as a working assumption) with LTE FDD PCell, UE’s PRACH resource configurations are not limited to the UL subframes given by the DL-reference config.
· For type 1 UE (i.e. with fast communication between LTE and NR modems): if the UE’s LTE PRACH transmission collides with an NR UL transmission, LTE PRACH transmission is prioritized 
· For type 2 UE (i.e. without fast communication between LTE and NR modems): the UE is not required to support transmission of LTE PRACH transmission which does not coincide with the configured HARQ-ACK transmission occasions



R1-1912785, “Enhancements to single-tx operation for EN-DC”, Ericsson
Proposal 1
· Confirm working assumption from RAN1#98bis that UE’s PRACH resource configurations are not limited to the UL subframes given by the DL-reference config for FDD Pcell case.
Proposal 2
· Introduce new UE capability to indicate UE support for Rel16 UE behavior when a single-tx UE is configured with tdm-PatternConfig-r16.



R1-1912979, “Remaining issues for EN-DC Single-Tx TDM Operation”, Qualcomm Inc
Proposal: For a UE configured with tdm-PatternConfig in Rel.16:
· 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), any LTE UL transmissions scheduled/triggered by DCI can take place in UL subframes not designated for HARQ-ACK feedback.
· For type 1 UE (i.e., UE with dynamic power sharing capability):
· Semi-statically configured LTE UL transmissions are transmitted only in UL subframes designated for HARQ-ACK feedback. For single-Tx case, in the other UL subframes, the collision between LTE (except LTE PRACH) and NR transmissions is treated as an error case.




References
1. [bookmark: _Ref5027430]R1-1911880, “Enhancements for single UL operation for EN-DC”, Huawei, HiSilicon, 3GPP RAN1#99, Reno, USA, November 18th – 22nd, 2019.
1. [bookmark: _Ref5187527]R1-1911971, “Discussion on single Tx switched uplink solution for EN-DC”, ZTE, 3GPP RAN1#99, Reno, USA, November 18th – 22nd, 2019.
1. [bookmark: _Ref5199343][bookmark: _Ref5199200]R1-1912496, “Enhancements to single Tx switched UL for EN-DC”, Samsung, 3GPP RAN1#99, Reno, USA, November 18th – 22nd, 2019.
1. [bookmark: _Ref5135411]R1-1912999, “On RRC parameters and UE capabilities for single uplink operation enhancement for EN-DC”, Nokia, Nokia Shanghai Bell, 3GPP RAN1#99, Reno, USA, November18th – 22nd, 2019.
1. [bookmark: _Ref8296698][bookmark: _Ref5027442][bookmark: _Ref5131605]R1-1912833, “Remaining issues on enhancements to Single Tx Switched Uplink solution for EN-DC”, Apple Inc., 3GPP RAN1#99, Reno, USA, November18th – 22nd, 2019.
1. [bookmark: _Ref5199569]R1-1912785, “Enhancements to single-tx operation for EN-DC”, Ericsson, 3GPP RAN1#99, Reno, USA, November 18th – 22nd, 2019.
1. [bookmark: _Ref21448816]R1-1912100, “Enhancements to Single UL Operations for EN-DC”, MediaTek, 3GPP RAN1#99, Reno, USA, November 18th – 22nd, 2019.
1. [bookmark: _Ref17727977]R1-1912979, “Remaining issues for EN-DC Single-Tx TDM Operation”, Qualcomm Inc., 3GPP RAN1#99, Reno, USA, November18th – 22nd, 2019.
1. [bookmark: _Ref523690318] “Chairman Note, RAN4#86bis”, 3GPP RAN4 #86bis, Melbourne, Australia, USA 16 - 20 April, 2018.
1. [bookmark: _Ref4528096]“Chairman Notes, RAN1 #96”, 3GPP RAN1 Ad-Hoc #96, Athens, Greece, February 25th – March 1st, 2019.
1. [bookmark: _Ref4674837]R4-1902496, “Draft CR for 38.101-3: Switching time for intra-band EN-DC upon dual PA UE capability”, Huawei, HiSilicon, 3GPP RAN4#90, Athens, Greece, February 25th – March 1st, 2019.
1. [bookmark: _Ref523667866]RP-180680, “Solutions for single Tx TDM”, RAN #80, La Jolla, CA, U.S.A., June 11st-14th, 2018.
1. [bookmark: _Ref534895915]“Chairman Note, RAN#81”, 3GPP RAN #81, Gold Coast, Australia, 10th – 13th September, 2018.
1. [bookmark: _Ref534895922]PR-182076, “WID on Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements (LTE_NR_DC_CA_enh-Core)”, RAN #81, Gold Coast, Australia, 10th – 13th September, 2018.
1. [bookmark: _Ref16865135][bookmark: _Ref1123521]PR-191600, “Revised WID: Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements (LTE_NR_DC_CA_enh-Core)”, RAN #84, Newport Beach, U.S.A., 3rd – 6th June, 2019.
1.  “Chairman Notes, RAN1 Ad-Hoc #1901”, 3GPP RAN1 Ad-Hoc #1901, Taipei, Taiwan, 21st – 25th January 2019.



9/9
