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Introduction
The need for introducing additional enhancements for single-TX operation of EN-DC, including addressing the LTE uplink link budget issue and DL HARQ related issues, was discussed during the RAN1 AH1901, and the following agreement was reached:
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.

Later, it was agreed that:

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)

Agreements (red marks updated in RAN1#98):
· 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)
· 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:
· 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

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 the remainder of this contribution paper, we present some design details related to the remaining open issues. 
Utilization of UL subframes other than those designated as UL by the DL-reference UL-DL configuration
In the current specification, following is specified in TS36.213 Section 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, 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. 



However, in this Rel.16 work item, it was agreed that for EN-DC single UL with TDD-PCell, a type 1 UE should not assume LTE/NR PUSCH transmissions are limited in subsets of UL subframes. Similar to this, for Rel. 16 EN-DC with an FDD-PCell, LTE PUSCH transmissions should not be restricted to the offset-UL subframes. This improves various performances, e.g., UL throughput, UL coverage, etc without any drawback.
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.

In the following example, we consider the additional case of dual UL Tx in EN-DC with LTE FDD-PCell to mitigate DL de-sensing due to harmonics.
Assume the following: 
· CC1 is an FDD carrier with 15kHz SCS with TDM-pattern = Uplink-downlink configuration 2
· DSUDDDSUDD
· CC2 is a TDD carrier with 30kHz SCS with the following DL-UL configuration: 
· [DDDSUU][DSUU], S1=10D:2G:2U, S2=10D:2G:2U
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In the above example, allowing to schedule UL outside of the TDM subset increases the available UL subframes by 100% without the need of any eNB-gNB dynamic scheduling coordination. Therefore we make the following proposal: 

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.

PUCCH format and resource for DCI with DAI=1 only
[bookmark: _GoBack]At the RAN1#98 meeting, PUCCH format/resource determination for DCI with DAI=1 only was extensively discussed. When there is only one DCI scheduling a PDSCH (corresponding to DAI=1), “ARI” is not available and hence, the PUCCH resource for HARQ-ACK feedback for the PDSCH cannot be identified. At the RAN1#97 meeting, it was proposed to use the PUCCH resource corresponding to ARI=00 in this case. However, this would cause restrictions to the eNB scheduler. 
First, DTX detection using different PUCCH resources is restrictive; for example, if there are two PDSCHs with DAI=1 and DAI=2, and if ARI=00 in the DCI with DAI=2, the gNB would receive HARQ-ACK on the PUCCH resource associated to ARI=00, regardless of whether the UE has correctly received the DCI with DAI=2 or not. In order to enable DTX detection using different PUCCH resources (which was possible in previous releases of LTE/NR), the gNB should indicate one of the three ARI values other than 00 in the DCI with DAI=2. However, restricting use of ARI=00 causes increasing PUCCH blocking probability.
Second, PUCCH resource management from gNB scheduler viewpoint is complicated. In the legacy LTE, gNB can configure four PUCCH resources associated to four ARI values, and they are shared among UEs. gNB can dynamically indicate preferred PUCCH resources to the UEs, taking into account the amount of UL resources that need to be allocated to PUSCH transmissions. If the PUCCH resource for PDCCH with DAI=1 only is tied with ARI=00, the PUCCH resource for ARI=00 would need to be configured in UE-dedicated manner (i.e., different UEs would have different resources with ARI=00). As a consequence, even with the ARI, the benefit of PUCCH resource sharing among UEs is limited, while the flexibility is lost.
A simple solution is to introduce an RRC parameter which configures a PUCCH resource in case the UE receives DAI=1. This can be an optional field and it can be specified that the PUCCH resource corresponding to ARI=00 is used if the field is absent. By configuring a PUCCH resource different from all corresponding ARI values, the UE’s feedback behavior is equally reliable regardless of the values of DAI and ARI.
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.

PUCCH format and resource for HARQ-ACK + SR/P-CSI
For a scheduling request, PUCCH format 1 is configured. When the SR collides with a HARQ-ACK transmission, they should be multiplexed on a same PUCCH. If there is a DCI with DAI > 1, it is straightforward that the SR bit is appended after the HARQ-ACK codebook and the resultant UCI is transmitted on the PUCCH whose resource is indicated by the ARI field in the scheduling DCI with DAI > 1. If there is a DCI with DAI=1 only, how to multiplex and transmit HARQ-ACK + SR would depend on the conclusion of PUCCH format and resource for DCI with DAI=1 only. In general, following two options are envisioned:
Opt.1: SR bit is appended after the HARQ-ACK bit(s) regardless of whether it is positive SR or negative SR, and the resultant UCI is transmitted using the PUCCH format and resource determined as Proposal 2.
Opt.2: In case of positive SR, the HARQ-ACK is transmitted using PUCCH format 1a/1b using the SR resource; in case of negative SR, the HARQ-ACK is transmitted using the PUCCH format and resource determined as Proposal 2.
If the PUCCH format for the case of DCI with DAI=1 only is PUCCH format 3, either option works, but Option 1 is simpler and straightforward (while no benefit is seen by Option 2.) If it is PUCCH format 1a/1b, Option 2 is the only possible solution. We prefer to support PUCCH format 3 for the case of DCI with DAI=1 only and option 1 for HARQ-ACK + SR.
Once Option 1 is supported for HARQ-ACK + SR, the same solution is applicable to HARQ-ACK + P-CSI. 
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.
Collision Handling under EN-DC Single-Tx TDM Operation
Based on the agreement reached in RAN1 #96, the LTE PUSCH and NR PUSCH transmissions are not restricted to the uplink subframes indicated by the reference DL configurations. In case of collision in subframes indicated as uplink by the downlink reference configurations, NR uplink should be dropped. The remaining issue is to resolve the collision in other uplink subframes. 
Given that LTE has a longer processing timelines and cannot be adapted to NR transmissions, the uplink collisions including collisions between LTE PUSCH and NR PUSCH/PRACH/SRS should be considered either as an error case or NR transmission should be dropped. Regarding the NR SRS, the transmissions can be planned over the cell-specific SRS subframes of LTE. In such a case, the LTE PUSCH/PUCCH rate-matching around the SRS symbols is naturally done by the UE similar to the legacy LTE.  
Proposal 5: For single tx switched UL in EN-DC with TDD Pcell, the type 1 UE should consider LTE and NR uplink collisions either an error case. 
Collision handling discussion so far has focused on dynamically scheduled LTE PUSCH transmissions; however, there are other LTE UL transmissions. 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), it should be possible to dynamically schedule/trigger, not only LTE PUSCH, but also other LTE UL transmissions in UL subframes not designated as UL in the DL-reference UL-DL configuration. Then, the remaining piece is handling of semi-statically configured LTE UL transmissions (e.g., SR/periodic CSI on PUCCH, periodic SRS, etc) in UL subframes not designated as UL in the DL-reference UL-DL configuration for type 1 UE. Taking into account overall collision handling, following two options can be considered:
Opt.1: 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.
Opt.2: Semi-statically configured LTE UL transmissions are transmitted in UL subframes not designated as UL in the DL-reference UL-DL configuration. If an LTE UL transmission collides with an NR UL transmission, the NR UL transmission is dropped in the overlapped symbol(s).
Option 1 offers more transmission opportunities for NR; The periodic LTE UL transmissions in the other UL subframes are not allowed. With this, the LTE-NR collision is avoidable by eNB scheduler and hence the collision can be treated as an error case. Option 2, on the other hand, enables periodic LTE UL transmissions in any UL subframes, resulting in possible LTE-NR collision; hence, such collision is not considered as an error case and then NR UL transmissions can be dropped the overlapped symbol(s). It is not desirable to drop NR UL transmissions periodically due to LTE UL transmissions. Therfore, we can take Option 1. 
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.
Conclusion
[bookmark: _Ref450583331]In this paper, we discussed some design details related to the remaining open issues and proposed the following.
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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