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1 Introduction
The Work Item description on DC and CA enhancements [1] states as one objective the following: 
	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


In the RAN1 # Ad-Hoc Meeting 1901, the following agreement was made [2]: 
	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 this contribution, we provide our views on the potential enhancement for Single Tx Switched Uplink Solution for EN-DC.   
2. Discussion
For EN-DC, two uplink transmission modes were defined, i.e. dual UL transmission and single UL transmission. The single UL transmission mode requires the UL resources to be allocated to LTE and NR in a TDM manner. 
The TDM patterns were agreed to enable an efficient single UL transmission mode for LTE FDD PCell [3].   
	Agreements:
· When the UE is configured with multiple UL carriers on different frequencies (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency), but the UE operates on only one of the carriers at a given time among a pair of LTE and NR carriers
· For LTE carrier, UE can be configured with 
· Case 1: DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell 
· For scheduling/HARQ timing of LTE FDD carrier, DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell is applied
· UE is allowed to transmit NR UL signals at least in the subframe(s) where LTE UL transmission is not allowed according to the DL-reference UL/DL configuration
· FFS whether or not a UE-specific subframe offset for the DL-reference UL/DL configuration can be configured considering system resource utilization and potential spec impact
· Case 2: Release 15 LTE-FDD HARQ timing
· No impact on LTE RAN1 specifications
· Note: it doesn’t necessarily imply that UE has to support both cases



However, only Case 2 was adopted for LTE TDD PCell case as outcome of RAN1 #93 meeting and copied below [4]: 
	Conclusion:
When the UE is configured with multiple UL carriers on different frequencies, but the UE operates only on one of the UL carriers at a given time among a pair of LTE and NR carriers, LTE operation with an LTE TDD PCell using the same HARQ timing as LTE operation without EN-DC is supported by the current RAN1 specifications at least when no LTE UL CA is used at least for the following cases
· The UE supports dynamic power sharing
· The UE is configured with P_LTE + P_NR not greater than P_cmax




For Case 2, one issue has been identified that only part of the LTE DL subframes are addressable due to the UL resource splitting between LTE and NR. One simple solution is to reuse DL HARQ-ACK timing for FDD cells in the FDD-TDD CA with TDD PCell. Furthermore, LTE PUSCH transmission is not necessarily limited within the UL subframes indicated by the DL-reference UL/DL configuration. This allows the flexibility at network side to exploit all UL subframes for LTE PUSCH transmissions e.g. maintaining the LTE coverage when there is no UL traffic on NR side or occasionally prioritize the LTE UL transmission for some reasons.              

Proposal 1: 
· For single tx switched uplink mode, DL-reference UL/DL configuration is configured for TDD Pcell to semi-statically split the UL resource between LTE and NR in TDM manner. 
· For DL HARQ timing, the DL-reference UL/DL configuration is applied for LTE CCs. 
· PUCCH is limited to the UL subframes indicated by DL-reference UL/DL configuration.
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Another open issue is which PUCCH format should be used for HARQ-ACK feedback and how to map the resource with taking the potential collision with other legacy LTE UEs into account. As discussed in [5] for LTE FDD PCell case, PUCCH format 3/4/5 should be supported as a generic solution to support more than 5 CCs on the LTE. More specifically, PUCCH format 1a/1b can be also supported for the dynamic fallback cases to improve the UL resource utilization when only one PDSCH is scheduled on LTE TDD PCell. The collision of PUCCH resource is relatively more complicated than FDD PCell case due to the PUCCH dimension across associated DL subframes within HARQ-ACK window. It is our opinion that this can be mitigated by network scheduler, e.g. taking care of the lowest CCE index. However, as concluded for Case 1 of LTE FDD PCell, PUCCH format 1b with channel selection should not be supported to avoid substantial complexity from standard and testing perspective (e.g. PUCCH resource mapping) as well as implementation of UE. In short, we think PUCCH format reporting schemes for LTE FDD Case 1 should be reused for LTE TDD PCell case for EN-DC.      
Proposal 2
· Reuse the PUCCH format reporting schemes defined for LTE FDD PCell Case 1. 
3. Conclusion 
In this contribution, the following was made to enhance the Single Tx switched Uplink solution for EN-DC in terms of operational flexibility:  
Proposal 1: 
· For single tx switched uplink mode, DL-reference UL/DL configuration is configured for TDD Pcell to semi-statically split the UL resource between LTE and NR in TDM manner. 
· For DL HARQ timing, the DL-reference UL/DL configuration is applied for LTE CCs.
· PUCCH is limited to the UL subframes indicated by DL-reference UL/DL configuration.
Proposal 2
· Reuse the PUCCH format reporting schemes defined for LTE FDD PCell Case 1. 
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