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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 further 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.





From the above agreement, there are at least the following open issues to be further concluded for SUO case 1 in EN-DC with LTE TDD PCell:
· How to handle the case of “collision” between UL transmissions over MCG and SCG
· LTE PUCCH formats to use in fallback
· RRC signaling impact to support single UL mechanism for dual Tx UE to reduce DL de-sensing from harmonics
· Impact of switching (if non-zero)
Reuse single UL mechanism for dual Tx UE to reduce DL de-sensing from harmonics
Main open issue: What are the needed specification changes for  applying existing single UL mechanism to reduce DL des-ensing issue from Harmonics.

Background: The WID for MR-DC and CA enhancements [17] was updated in RAN #84 to include additional objective of enabling R15 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. 

The fundamental mechanism is the same as the handling of single Tx for EN-DC, where the network limits the LTE UL transmissions to only a subset of the available LTE UL subframes. Therefore, same or similar mechanism and signaling could potentially be applied for the harmonic issue as well, except that existing R15 specification limit the usage of the corresponding RRC signaling to a few scenarios. Specifically, the signaling defined in R15 includes the following:
· tdm-PatternConfig, as defined in 36.331: “UL/DL reference configuration indicating the time during which a UE configured with EN-DC is allowed to transmit. This field is used when power control or IMD issues require single UL transmission as specified in TS38.101-3 [85] and TS 38.213”
· tdm-Pattern, as defined in 38.306: “Indicates whether the UE supports the tdm-PatternConfig for single UL-transmission associated functionality, as specified in TS 36.331 [17]. Support is conditionally mandatory for UEs that do not support dynamic power sharing and for UEs that indicate single UL transmission for any BC, and optional otherwise”
· singleUL-Transmission, as defined in 38.306: “Indicates that the UE does not support simultaneous UL transmissions as defined in TS 38.101-3 [4]. The UE may only include this field for certain band combinations defined in TS 38.101-3 [4]. If included for a particular band combination, the field applies to all fallback band combinations of this band combination that are defined in TS 38.101-3 [4] as being allowed to include this field and does not apply to any other fallback band combinations defined in TS 38.101-3 [4]”

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

	Company
	proposal

	ZTE
	Proposal 1: In order to reduce the implementation impact of the ongoing Rel-15 SUO for EN-DC with LTE FDD PCell, it’s desirable to reuse the Rel-15 SUO mechanism for dual Tx UEs.
Proposal 2: Both Case 1 and Case 2 HARQ timing are supported for dual Tx UEs to realize single uplink in Rel-16. Network configures either Case 1 or Case 2 HARQ timing for UE via RRC signaling.
Proposal 3: Reuse the Rel-15 single Tx design for dual Tx UE in case of Case 1 HARQ timing. Do not support the case that all uplink subframes can be scheduled for LTE for Case 1 HARQ timing. 
Proposal 4: Reuse the same UE capability field and RRC signaling field designed for Rel-15 SUO for dual Tx UE with potential update to cover the case of harmonic interference and dual Tx.

	Intel
	Proposal 4: 
· Support the configuration of DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell to an EN-DC UE with dual uplink. Further study on two options, 
· Option 1: A dual uplink UE works as if a UE with single uplink. 
· Option 2: A dual uplink UE still works as dual uplink.

	Vodafone
	Observation 1: The definitions of the UE Capability Parameters tdm-Pattern and tdm-PatternConfig imply that a UE would not enable DL HARQ timing for FDD Scell for LTE TDD-FDD CA with TDD Pcell, applied to FDD Pcell, when a UE is performing dual UL transmissions. 

Proposal 1: RAN1 should select Option B to avoid the need for bringing a CR to the existing RAN 2 specifications, 38.306 and 36.331. RAN1 should amend 38.213 to replace any reference to UE behaviours when configured with “tdm-Pattern” and “tdm-Pattern Config” with “tdm-Pattern or tdm-Pattern2” and “tdm-PatternConfig or tdm-PatternConfig2” respectively. 

Proposal 2: RAN1 should send a Liaison Statement to RAN2 to inform them of the decision and ask them to introduce the corresponding RRC signalling parameters to meet the WID Objective

	Apple
	Proposal 5: For purpose of configuring a DL-reference config to the LTE PCell to mitigate NR DL de-sensing due to harmonics from LTE UL, introduce a new RRC signal “tdm-PatternConfig2”.
Proposal 6: Modify the description of “tdm-Pattern” in 38.306 to include the usage scenario of DL de-sensing from harmonics.
Proposal 7: 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.

	Ericsson
	Observation
· Case 1 HARQ timing procedures for LTE FDD Pcell in TS 36.213 (i.e., procedures related to the parameter subframeAssignment-r15) specify the behavior discussed in the newly added objective related to dual uplink EN-DC (i.e., “DL HARQ timing for FDD Scell for LTE TDD-FDD CA with TDD Pcell, applied to FDD Pcell”). 
· No changes to RAN1 specs are needed to enable these procedures for dual uplink EN-DC case.

	Qualcomm
	Proposal 2: In Rel-16, for dual UL Tx in EN-DC with FDD-PCell to mitigate DL de-sensing due to harmonics, the specification should enable type 1 UE to transmit LTE PUSCH in the UL subframes other than the offset-UL subframes determined by subframeAssignment-r16 and harq-Offset-r16




Potential agreement: 
· Support new RRC signaling “tdm-PatternConfig2” to configure dual Tx UE a DL-reference config to the MCG PCell
· UL transmission on the SCG is independent of the DL-ref config “tdm-PatternConfig2”
· [bookmark: _GoBack]Note: for UE capable of dual Tx, behavior when configured with tdm-Patternzconfig2 is the same as existing UE behavior when configured with tdm-Patternconfig as in 38.213, except for (the FFS: all uplink subframes can be scheduled for LTE)

· Reuse R15 UE capability signaling “tdm-Pattern”, with modification on description in 38.306 to include the usage scenario of DL de-sensing from harmonics.
· 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
PUCCH formats
Main open issue: should we limit the supportable LTE PUCCH formats on the LTE TDD PCell? Is fallback allowed when DAI=1?

Background: an issue related to single Tx operation with case 1 DL HARQ timing is the potential PUCCH resource collision between legacy UE and single Tx UE, if fallback operation is triggered, i.e., DAI=1. When fallback to PUCCH format 1a/1b in LTE, the resource is implicitly mapped from CCE. As mapping for the legacy UE and single Tx UE follow different TDD configurations (i.e. one corresponds to “subframeAssignment” in SIB1, and the other corresponds to “tdm-PatternConfig-r15”), two PDSCH from different subframes may possibly map to the same PUCCH resource. 

To avoid potential PUCCH resource collision and simplify implementation, we may consider to allow only PUCCH format 3/4/5 without supporting PUCCH fallback for UE configured with SUO case 1.

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

	Huawei
	Proposal 7: For single UL operation in EN-DC with LTE TDD PCell and UE is configured with DL-reference UL/DL configuration, only PUCCH format 3/4/5 are supported. 
· When the UE only receives PDCCH with DAI=1 and/or SPS PDSCH, a dedicated PUCCH format 3/4/5 resource configured by higher layer is used. If such resource is not configured, the PUCCH format 3/4/5 resource corresponding ARI=00 is used

	ZTE
	Proposal 5: For SUO in EN-DC with LTE TDD PCell and UE is configured with DL-reference UL/DL configuration, configure a default ARI value from PUCCH format 3/4/5, e.g., ARI=00. 
· If UE only receives DAI=1, UE uses the default ARI value to determine the PUCCH format and resource.
· If UE receives DAI=1 and SPS transmission, UE uses the default ARI value to determine the PUCCH format and resource.

	LGE
	Proposal #1: Explicit PUCCH format 1a/1b resource is configured for HARQ-ACK transmission corresponding to PDCCH with DAI = 1.

	Intel
	Proposal 3: Using the PUCCH format3/4/5 resource with lowest index when UE receives one PDSCH with DAI=1 and/or SPS PDSCH on PCell only. 

	Samsung
	Proposal 2: For EN-DC between LTE TDD PCell and NR SCell, if the UE receives DAI=1 or only SPS related PDCCH/PDSCH, the UE uses one PUCCH resource value (e.g. ARI=00) of four PUCCH resource values which are already RRC configured for the use of PUCCH format 3/4/5.

	Nokia
	Proposal: PUCCH fallback operation is not supported, DAI=1 only is always in the last subframe of DL bundle window, and specific PUCCH format 3/4/5 resource is used.

	Qualcomm
	Proposal 3: Support an optional RRC parameter which configures a PUCCH resource when there is only one HARQ-ACK for DAI=1 to be transmitted; if the parameter is absent, when there is only one HARQ-ACK for DAI=1 only, the UE transmits the HARQ-ACK on the PUCCH resource associated with ARI=00.
Proposal 4: PUCCH format 3 is used for the case of DCI with DAI=1 only. If a SR or a P-CSI collides with a HARQ-ACK transmission, the SR bit is appended after the HARQ-ACK codebook and the resultant UCI is transmitted using the PUCCH format 3/4/5.

	Apple
	Proposal 3: 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 configured by the network is used when the UE only receives PDCCH with DAI=1 and/or SPS PDSCH.
· No PUCCH resources are reserved for SPS PDSCH for the UE



Based on the contributions, 7 out of 8 companies proposed to support only PUCCH formats 3/4/5 when DAI=1, and PUCCH fallback operation is not supported.

There was also an email discussion after RAN1 #98 ([98-NR-21]), aiming to finalize this topic. In the email discussion, the following compromised proposal was discussed:

For single UL operation in EN-DC with LTE TDD PCell, and UE is configured with DL-reference UL/DL configuration, if an explicit PUCCH format 1a/1b resource is configured, option 2; otherwise, option 1
· Option 1: Using only PUCCH formats 3/4/5.
· The PUCCH format 3 resource corresponding ARI=00 is used when the UE only receives PDCCH with DAI=1 and/or SPS PDSCH.
· No PUCCH resources are reserved for SPS PDSCH for the UE
· Option 2: Using an explicit PUCCH format 1a/1b resource for the HARQ-ACK transmission when the UE only receives PDSCH with DAI = 1.
· PUCCH resources are reserved for SPS PDSCH for the UE as legacy release
· PUCCH format 1b with channel selection is used when the UE only receives PDCCH with DAI=1 and SPS PDSCH as legacy release.

However, no consensus was made due to multiple strong objections to this compromised proposal containing 2 options. On the other hand, majority of companies (except one) seem to support adopting only option 1 above. Therefore, the proposed agreement is:

Offline agreement: 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 configured by the network is used when the UE only receives PDCCH with DAI=1 and/or SPS PDSCH.
· No PUCCH resources are reserved for SPS PDSCH for the UE

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?
· For type 2 UE, how about 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 type 1 UE, If there is a collision in the UL subframes designated as UL in the DL-reference configuration, UE is expected to drop NR PUSCH”
· 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

Below is summary of companies’ positions/proposals:
	Company 
	Proposal 

	Huawei
	Proposal 3: For EN-DC UE configured with LTE TDD PCell, if there is a collision between LTE PUSCH and NR PUCCH/PRACH/PUSCH/SRS in UL subframes other than the subframes designated as UL by DL-reference TDD configuration, UE drops LTE PUSCH. 

	ZTE
	Observation 1: For SUO with EN-DC, always dropping NR PUSCH in case of collision will cause undesirable performance loss in NR side.
Proposal 6: For SUO with EN-DC in case of collision, if the NR PUSCH grant arrives later than the LTE PUSCH grant, a UE is expected to drop NR PUSCH; otherwise, the UE is expected to drop LTE PUSCH.
Proposal 7: A UE is expected to drop LTE PUSCH if this LTE PUSCH collides with NR PUCCH resources configured by RRC even if there is no actual transmission in this PUCCH resources.

	Intel
	Proposal 1: 
· In the UL subframes designated as UL in the DL-reference configuration, UE is expected to drop NR PUCCH if collision occurs. 
Proposal 2: 
· In the remaining UL subframes other than those configured by the DL-reference configuration, LTE PUSCH transmission is dropped if it collides with NR UL transmissions. 

	Samsung
	Proposal 1: NR PUSCH can be dropped if there is a collision between LTE PUSCH and NR PUSCH.

	Qualcomm
	Proposal 5: For single tx switched UL in EN-DC with TDD Pcell, the type 1 UE should consider LTE and NR uplink collisions an error case. 

Proposal 6: For single tx switched UL in EN-DC with TDD Pcell:
· For type 2 UE (i.e., UE without dynamic power sharing capability), not only LTE PUSCH, but also any LTE UL transmissions should take place only in UL subframes designated as UL in the DL-reference UL-DL configuration.
· For type 1 UE (i.e., UE with dynamic power sharing capability) not only LTE PUSCH but also other LTE UL transmissions scheduled/triggered by DCI can take place in UL subframes not designated as UL in the DL-reference UL-DL configuration.
· For type 1 UE (i.e., UE with dynamic power sharing capability):
· Semi-statically configured LTE UL transmissions are not transmitted in UL subframes not designated as UL in the DL-reference UL-DL configuration. In these UL subframes, the collision between LTE and NR transmissions is treated as an error case.

	Ericsson
	Proposal 2
· For Case 1 HARQ timing via UE-specific reference TDD configuration for TDD Pcell, for subframes not indicated as ‘UL’ by the reference TDD configuration, the following default UE behavior is supported
· if there are colliding LTE and NR UL transmissions in the same subframe, the UE is expected to transmit LTE and drop NR.

	Apple
	Proposal 1: When type 2 UE is configured with DL-reference configuration on the LTE PCell to support single Tx switched UL in EN-DC:
· LTE UL transmissions (including PUSCH) should only take place in UL subframes designated as UL in the DL-reference configuration.
· NR UL transmission (including PUSCH) should only take place in UL subframes not designated as UL in the DL-reference configuration.
Proposal 2: When type 1 UE is configured with DL-reference configuration on the LTE PCell to support single Tx switched UL in EN-DC, if there is a collision of UL transmission between MCG and SCG:
· UE is expected to drop NR UL transmission. 

	MediaTek
	Observation 1: According to current spec, for R16 EN-DC UE performing single UL (configured with tdm-PatternConfig-r15), all uplink slots can be scheduled for NR for a Type I UE (capable of dynamic power sharing).
Observation 2: According to current spec, for R15 EN-DC UE performing single UL (configured with tdm-PatternConfig-r15) with FDD PCell, only offset-UL subframes can be scheduled for LTE UL.
Observation 3: If all uplink subframes can be scheduled for LTE for R16 EN-DC UE performing single UL (configured with tdm-PatternConfig-r15) with FDD PCell, as the FFS in RAN1 #98 agreement, this would impact the spec in 36.213 Sec 8:
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,

Proposal 1: If LTE/NR PUSCH are allowed to be scheduled in all UL subframes for EN-DC with FDD PCell, as the FFS in RAN1 #98 agreement, similar dropping rule as agreed in RAN1 #96 for collision would need to be defined.
Proposal 2: Define new capability signal for single UL transmission (ex: singleUL-Transmission-r16) to distinguish R15/R16 UE single UL behavior, for example, the UL scheduling flexibility and the corresponding dropping rules for collision.





Based on companies’ proposals in the contribution and offline discussions, 4 out of 7 propose to drop NR transmission and transmit LTE when there is overlapping transmission in the subframe in the case of single-Tx  switched UL in EN-DC. 3 out of 7 propose various prioritization/dropping rules that depending on the channel types that are collided or whether the UL subframes is designated as UL in the DL reference config.

Potential agreement: For type 2 UE (i.e., UE without dynamic power sharing capability) configured with DL-reference config on the LTE PCell to support single Tx switched UL in EN-DC: 
· not only LTE PUSCH, but also any LTE UL transmissions should take place only in UL subframes designated as UL in the DL-reference UL-DL configuration

Potential agreement: For type 1 UE (i.e., UE with dynamic power sharing capability) configured with DL-reference config on the LTE PCell to support single Tx switched UL in EN-DC:
· Not only LTE PUSCH but also other LTE UL transmissions scheduled/triggered by DCI can take place in UL subframes not designated as UL in the DL-reference UL-DL configuration.
· Semi-statically configured LTE UL transmissions are not transmitted in UL subframes not designated as UL in the DL-reference UL-DL configuration. 
· If there is overlapping transmission in the UL subframe not designated as UL in the DL-reference configuration, UE is expected to drop NR UL transmission

Impact from UL switching time
Main open issue: does the spec need to put any explicit constraint on eNB/gNB UL scheduling, so as to minimize the impact from UL switching time? Or purely leave it for network implementation when such optimization is desired?

Background: The switching time was discussed in RAN4, and final agreement was captured in [13]. For intra-band EN-DC with single PA architecture, the maximal switching time can be up to 120us, which is close to 2 OFDM symbols in LTE. For certain TDD patterns with limited UL opportunities, such switching time may lead to non-negligible overhead. 

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

	Huawei
	Proposal 2: For type 1 UE incapable of dual PA, LTE PUSCH can be scheduled only in the UL subframes designated as UL in the DL-reference configuration.

	ZTE
	Proposal 8: 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.

	
	




Potential agreement: For type 1 UE incapable of dual PA, LTE PUSCH can only be scheduled in the UL subframes designated as UL in the DL-reference configuration

Configuration of RACH resource
Main open issue: should network assign RACH 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 PRACH resource configuration and transmission 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 5: For UE configured with EN-DC and the LTE PCell is configured with DL-reference TDD configuration, the UE is allowed to transmit LTE PRACH in all uplink subframes regardless the configured DL-reference TDD configuration.

	ZTE
	Proposal 9: For Rel-16 SUO for EN-DC with LTE TDD PCell, LTE PRACH and SRS transmission are only allowed to transmit in the subframes designated as UL in DL-reference configuration.

	Ericsson
	Proposal 1
· Following enhancement for PRACH should be supported
· If a UE is configured with Case1 HARQ timing, UE’s PRACH transmissions are not limited to the UL subframes given by subframe-Assignment-r15 (i.e., for FDD, UE can transmit PRACH in any UL subframe).
· If the UE’s LTE PRACH transmission collides with an NR UL transmission, PRACH transmission is prioritized.

	Apple
	Proposal 4: If a UE is configured with Case1 HARQ timing in EN-DC, 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 in UL subframes not designated as UL in the DL-reference configuration. 

	
	



Offline agreement: If a UE is configured with Case1 HARQ timing in EN-DC, at least with LTE TDD 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
· FFS: for LTE FDD PCell case

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 1: For single UL operation in EN-DC with TDD PCell and the PCell is configured with DL-reference TDD configuration, UE is allowed to transmit LTE SRS in subframes that designated as UL and special by DL-reference TDD configuration. 
Proposal 4: For EN-DC UE configured with LTE TDD PCell and if the UE is capable of dual PA, LTE SRS and NR SRS transmissions are not restricted by DL-reference TDD configuration, i.e. the UE can transmit LTE SRS in UL or special subframes that designated as DL by DL-reference TDD configuration, and it can transmit NR SRS in subframes that designated as UL or special.
Proposal 8: Allow EN-DC type 2 UE which is incapable of dynamic power sharing to transmit NR SRS overlapping in time with the last symbol of a LTE uplink subframe designated by subframeAssignment-r15
- The last LTE symbol thereof is reserved and not transmitted.

	ZTE
	Proposal 9: For Rel-16 SUO for EN-DC with LTE TDD PCell, LTE PRACH and SRS transmission are only allowed to transmit in the subframes designated as UL in DL-reference configuration.

	Qualcomm
	Proposal 2: For single tx switched UL in EN-DC with TDD Pcell:
· For type 2 UE (i.e., UE without dynamic power sharing capability), not only LTE PUSCH, but also any LTE UL transmissions should take place only in UL subframes designated as UL in the DL-reference UL-DL configuration.
· For type 1 UE (i.e., UE with dynamic power sharing capability) not only LTE PUSCH but also other LTE UL transmissions scheduled/triggered by DCI can take place in UL subframes not designated as UL in the DL-reference UL-DL configuration.
· For type 1 UE (i.e., UE with dynamic power sharing capability):
· Semi-statically configured LTE UL transmissions are not transmitted in UL subframes not designated as UL in the DL-reference UL-DL configuration. In these UL subframes, the collision between LTE and NR transmissions is treated as an error case.




Potential agreement: If a UE is configured with Case1 HARQ timing in EN-DC, UE’s LTE SRS resource configurations are not limited to the UL or special subframes designated as UL by the DL-reference config.
· For type 1 UE (i.e. with fast communication between LTE and NR modems): if the UE’s LTE SRS transmission collides with an NR UL transmission, LTE SRS 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 SRS transmission which are designated as DL by DL-reference configuration.


Potential agreement: If a UE is configured with Case1 HARQ timing in EN-DC, UE’s NR SRS resource configurations are not limited to the UL or special subframes designated as DL the by DL-reference config.
· For type 1 UE (i.e. with fast communication between LTE and NR modems): if the UE’s NR SRS transmission collides with an LTE UL transmission, LTE 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 NR SRS transmission which are designated as UL or special subframe by DL-reference configuration.
· UE can be configured to transmit NR SRS overlapping in time with the last symbol of UL subframe designated UL by the DL-reference config.


Appendix: Summary of proposals
[1] R1-1910041, “Enhancements for single UL operation for EN-DC”, Huawei, HiSilicon 

Proposal 1: For single UL operation in EN-DC with TDD PCell and the PCell is configured with DL-reference TDD configuration, UE is allowed to transmit LTE SRS in subframes that designated as UL and special by DL-reference TDD configuration. 
Proposal 2: For type 1 UE incapable of dual PA, LTE PUSCH can be scheduled only in the UL subframes designated as UL in the DL-reference configuration.
Proposal 3: For EN-DC UE configured with LTE TDD PCell, if there is a collision between LTE PUSCH and NR PUCCH/PRACH/PUSCH/SRS in UL subframes other than the subframes designated as UL by DL-reference TDD configuration, UE drops LTE PUSCH. 
Proposal 4: For EN-DC UE configured with LTE TDD PCell and if the UE is capable of dual PA, LTE SRS and NR SRS transmissions are not restricted by DL-reference TDD configuration, i.e. the UE can transmit LTE SRS in UL or special subframes that designated as DL by DL-reference TDD configuration, and it can transmit NR SRS in subframes that designated as UL or special.
Proposal 5: For UE configured with EN-DC and the LTE PCell is configured with DL-reference TDD configuration, the UE is allowed to transmit LTE PRACH in all uplink subframes regardless the configured DL-reference TDD configuration.
Proposal 6: The valid value of HARQ-offset can only be one of {0, 1, 2, 5, 6} for single UL operation in EN-DC with TDD PCell and the PCell is configured with DL-reference TDD configuration.
Proposal 7: For single UL operation in EN-DC with LTE TDD PCell and UE is configured with DL-reference UL/DL configuration, only PUCCH format 3/4/5 are supported. 
· When the UE only receives PDCCH with DAI=1 and/or SPS PDSCH, a dedicated PUCCH format 3/4/5 resource configured by higher layer is used. If such resource is not configured, the PUCCH format 3/4/5 resource corresponding ARI=00 is used.
Proposal 8: Allow EN-DC type 2 UE which is incapable of dynamic power sharing to transmit NR SRS overlapping in time with the last symbol of a LTE uplink subframe designated by subframeAssignment-r15
- The last LTE symbol thereof is reserved and not transmitted.


[2] R1-1910108, “Discussion on single Tx switched uplink solution for EN-DC”, ZTE 

Observation 1: For SUO with EN-DC, always dropping NR PUSCH in case of collision will cause undesirable performance loss in NR side.
Proposal 1: In order to reduce the implementation impact of the ongoing Rel-15 SUO for EN-DC with LTE FDD PCell, it’s desirable to reuse the Rel-15 SUO mechanism for dual Tx UEs.
Proposal 2: Both Case 1 and Case 2 HARQ timing are supported for dual Tx UEs to realize single uplink in Rel-16. Network configures either Case 1 or Case 2 HARQ timing for UE via RRC signaling.
Proposal 3: Reuse the Rel-15 single Tx design for dual Tx UE in case of Case 1 HARQ timing. Do not support the case that all uplink subframes can be scheduled for LTE for Case 1 HARQ timing. 
Proposal 4: Reuse the same UE capability field and RRC signaling field designed for Rel-15 SUO for dual Tx UE with potential update to cover the case of harmonic interference and dual Tx.
Proposal 5: For SUO in EN-DC with LTE TDD PCell and UE is configured with DL-reference UL/DL configuration, configure a default ARI value from PUCCH format 3/4/5, e.g., ARI=00. 
· If UE only receives DAI=1, UE uses the default ARI value to determine the PUCCH format and resource.
· If UE receives DAI=1 and SPS transmission, UE uses the default ARI value to determine the PUCCH format and resource.
Proposal 6: For SUO with EN-DC in case of collision, if the NR PUSCH grant arrives later than the LTE PUSCH grant, a UE is expected to drop NR PUSCH; otherwise, the UE is expected to drop LTE PUSCH.
Proposal 7: A UE is expected to drop LTE PUSCH if this LTE PUSCH collides with NR PUCCH resources configured by RRC even if there is no actual transmission in this PUCCH resources.
Proposal 8: 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 9: For Rel-16 SUO for EN-DC with LTE TDD PCell, LTE PRACH and SRS transmission are only allowed to transmit in the subframes designated as UL in DL-reference configuration.


[3] R1-1910507, “Enhancements to single Tx switched UL for EN-DC”, Samsung

Proposal 1: NR PUSCH can be dropped if there is a collision between LTE PUSCH and NR PUSCH.
Proposal 2: For EN-DC between LTE TDD PCell and NR SCell, if the UE receives DAI=1 or only SPS related PDCCH/PDSCH, the UE uses one PUCCH resource value (e.g. ARI=00) of four PUCCH resource values which are already RRC configured for the use of PUCCH format 3/4/5.
Observation 1: In EN-DC between LTE FDD PCell and NR TDD SCell, LTE UL subframes only when NR TDD is a UL slot can be scheduled.


[4] R1-1910608, “PUCCH formats for 1Tx switched uplink operation for TDD EN-DC”, Nokia, Nokia Shanghai Bell

Proposal: PUCCH fallback operation is not supported, DAI=1 only is always in the last subframe of DL bundle window, and specific PUCCH format 3/4/5 resource is used.



[5] R1-1910681, “Discussions on single uplink solution for EN-DC”, Intel

Proposal 1: 
· In the UL subframes designated as UL in the DL-reference configuration, UE is expected to drop NR PUCCH if collision occurs. 
Proposal 2: 
· In the remaining UL subframes other than those configured by the DL-reference configuration, LTE PUSCH transmission is dropped if it collides with NR UL transmissions. 
Proposal 3: 
· Using the PUCCH format3/4/5 resource with lowest index when UE receives one PDSCH with DAI=1 and/or SPS PDSCH on PCell only. 
Proposal 4: 
· Support the configuration of DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell to an EN-DC UE with dual uplink. Further study on two options, 
· Option 1: A dual uplink UE works as if a UE with single uplink. 
· Option 2: A dual uplink UE still works as dual uplink.


[6] R1-1910837, “HARQ related issues on single TX-switched UL operation for EN-DC”, LG Electronics

Proposal #1: Explicit PUCCH format 1a/1b resource is configured for HARQ-ACK transmission corresponding to PDCCH with DAI = 1.


[7] R1-1910978, “Remaining issues on enhancements to single Tx switched uplink solution for EN-DC”, Apple

Proposal 1: When type 2 UE is configured with DL-reference configuration on the LTE PCell to support single Tx switched UL in EN-DC:
· LTE UL transmissions (including PUSCH) should only take place in UL subframes designated as UL in the DL-reference configuration.
· NR UL transmission (including PUSCH) should only take place in UL subframes not designated as UL in the DL-reference configuration.

Proposal 2: When type 1 UE is configured with DL-reference configuration on the LTE PCell to support single Tx switched UL in EN-DC, if there is a collision of UL transmission between MCG and SCG:
· UE is expected to drop NR UL transmission. 

Proposal 3: 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 configured by the network is used when the UE only receives PDCCH with DAI=1 and/or SPS PDSCH.
· No PUCCH resources are reserved for SPS PDSCH for the UE.

Proposal 4: If a UE is configured with Case1 HARQ timing in EN-DC, 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 in UL subframes not designated as UL in the DL-reference configuration. 

Proposal 5: For purpose of configuring a DL-reference config to the LTE PCell to mitigate NR DL de-sensing due to harmonics from LTE UL, introduce a new RRC signal “tdm-PatternConfig2”.

Proposal 6: Modify the description of “tdm-Pattern” in 38.306 to include the usage scenario of DL de-sensing from harmonics.

Proposal 7: 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.

[8] R1-1911014, “Enhancements to single-tx operation for EN-DC”, Ericsson

Proposal 1

· Following enhancement for PRACH should be supported
· If a UE is configured with Case1 HARQ timing, UE’s PRACH transmissions are not limited to the UL subframes given by subframe-Assignment-r15 (i.e., for FDD, UE can transmit PRACH in any UL subframe).
· If the UE’s LTE PRACH transmission collides with an NR UL transmission, PRACH transmission is prioritized.
Proposal 2

· For Case 1 HARQ timing via UE-specific reference TDD configuration for TDD Pcell, for subframes not indicated as ‘UL’ by the reference TDD configuration, the following default UE behavior is supported
· if there are colliding LTE and NR UL transmissions in the same subframe, the UE is expected to transmit LTE and drop NR.

Observation
· Case 1 HARQ timing procedures for LTE FDD Pcell in TS 36.213 (i.e., procedures related to the parameter subframeAssignment-r15) specify the behavior discussed in the newly added objective related to dual uplink EN-DC (i.e., “DL HARQ timing for FDD Scell for LTE TDD-FDD CA with TDD Pcell, applied to FDD Pcell”). 
· No changes to RAN1 specs are needed to enable these procedures for dual uplink EN-DC case.


[9] R1-1911061, “Enhancements to Single UL Operations for EN-DC”, MediaTek

Observation 1: According to current spec, for R16 EN-DC UE performing single UL (configured with tdm-PatternConfig-r15), all uplink slots can be scheduled for NR for a Type I UE (capable of dynamic power sharing).

Observation 2: According to current spec, for R15 EN-DC UE performing single UL (configured with tdm-PatternConfig-r15) with FDD PCell, only offset-UL subframes can be scheduled for LTE UL.

Observation 3: If all uplink subframes can be scheduled for LTE for R16 EN-DC UE performing single UL (configured with tdm-PatternConfig-r15) with FDD PCell, as the FFS in RAN1 #98 agreement, this would impact the spec in 36.213 Sec 8:
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,

Proposal 1: If LTE/NR PUSCH are allowed to be scheduled in all UL subframes for EN-DC with FDD PCell, as the FFS in RAN1 #98 agreement, similar dropping rule as agreed in RAN1 #96 for collision would need to be defined.

Proposal 2: Define new capability signal for single UL transmission (ex: singleUL-Transmission-r16) to distinguish R15/R16 UE single UL behavior, for example, the UL scheduling flexibility and the corresponding dropping rules for collision.



[10] R1-1911138, “Enhancements for EN-DC Single-Tx TDM Operation”, Qualcomm Inc.

Proposal 1: In Rel-16, for single Tx switched UL in EN-DC with FDD-PCell, the specification should enable type 1 UE to transmit LTE PUSCH in the UL subframes other than the offset-UL subframes determined by subframeAssignment-r15 and harq-Offset-r15.

Proposal 2: In Rel-16, for dual UL Tx in EN-DC with FDD-PCell to mitigate DL de-sensing due to harmonics, the specification should enable type 1 UE to transmit LTE PUSCH in the UL subframes other than the offset-UL subframes determined by subframeAssignment-r16 and harq-Offset-r16.

Proposal 3: Support an optional RRC parameter which configures a PUCCH resource when there is only one HARQ-ACK for DAI=1 to be transmitted; if the parameter is absent, when there is only one HARQ-ACK for DAI=1 only, the UE transmits the HARQ-ACK on the PUCCH resource associated with ARI=00.

Proposal 4: PUCCH format 3 is used for the case of DCI with DAI=1 only. If a SR or a P-CSI collides with a HARQ-ACK transmission, the SR bit is appended after the HARQ-ACK codebook and the resultant UCI is transmitted using the PUCCH format 3/4/5.

Proposal 5: For single tx switched UL in EN-DC with TDD Pcell, the type 1 UE should consider LTE and NR uplink collisions an error case. 

Proposal 6: For single tx switched UL in EN-DC with TDD Pcell:
· For type 2 UE (i.e., UE without dynamic power sharing capability), not only LTE PUSCH, but also any LTE UL transmissions should take place only in UL subframes designated as UL in the DL-reference UL-DL configuration.
· For type 1 UE (i.e., UE with dynamic power sharing capability) not only LTE PUSCH but also other LTE UL transmissions scheduled/triggered by DCI can take place in UL subframes not designated as UL in the DL-reference UL-DL configuration.
· For type 1 UE (i.e., UE with dynamic power sharing capability):
· Semi-statically configured LTE UL transmissions are not transmitted in UL subframes not designated as UL in the DL-reference UL-DL configuration. In these UL subframes, the collision between LTE and NR transmissions is treated as an error case.
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