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Introduction
5G NR Rel-15 supports power sharing in EUTRA-NR dual connectivity or EN-DC, where LTE is the master cell group (MCG) and NR is the secondary cell group (SCG) with two different modes [1, TS 38.213]: One mode is dynamic power sharing, in which the power setting for LTE (which is the MCG) is not changed, and in case of power-limitation, NR (which is the SCG) scales down power or drops the transmission. A second mode is single uplink operation (SUO), in which the UE is configured with a reference DL/UL TDD configuration (for an FDD cell), so that LTE can only make UL transmissions on the designated UL subframes for LTE, on which NR is not allowed to make any UL transmission. NR can only make UL transmission on the designated DL subframes for LTE. 
The new WI on multi-RAT dual connectivity (DC) and carrier aggregation (CA) enhancement [2] in Rel-16 includes an objective to study and possibly specify enhancements to the single uplink operation in EN-DC, e.g., removing the requirement for a reference TDD configuration. 
Excerpt from WID in RP-182076 [2]
The objective of this work item is to investigate enhancements to DC and CA. At least the following topics should be considered in the work:
…

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
…
The work excludes combination of EN-DC and NR-NR DC configured for a UE.
At least scenarios with small cells should be considered, along with scenarios with large amounts of available cell bandwidth. Both FR1 and FR2 frequencies should be considered. The mechanisms already specified for LTE should be used as baseline for the work.


In this contribution, we provide our views on the potential enhancements to SUO for EN-DC.
On Enhancements for Single Uplink Operation 
The reference TDD configuration used in single-uplink operation guarantees that, a UE which is not capable of dynamic power sharing (a.k.a., Type-2 UE) or even a UE which is capable of dynamic power sharing (a.k.a., Type-1 UE) but operating in “bad” frequency band combinations does not get scheduled with overlapping LTE and NR transmissions; otherwise an error case occurs in which the UE behaviour is undefined. On the other hand, the reference TDD configuration limits the UE performance mainly on the NR side, since even if certain designated LTE UL subframes in the reference TDD configuration are not actually scheduled for LTE uplink transmission, they cannot be used for any NR transmissions. In addition, there will be a small signalling saving in the case without reference TDD configuration, since the network does not need to convey this configuration information. 
The note in the WID [2] clarifies that “UE in single Tx switched uplink mode is not expected to be scheduled simultaneous transmission on MCG and SCG”. Since LTE and NR CGs are different RATs and have their own schedulers, one needs to verify and elaborate on this assumption. At least one scenario in which this assumption can be valid appears to be the case in which the LTE and NR base stations are collocated, so can share their scheduling information with a fast backhaul. For such scenarios, it might be fine to ensure a single scheduled transmission (i.e., either LTE or NR, but not both) based on scheduling implementation at the network, rather than enforcing a reference TDD configuration. 
Proposal 1: The reference TDD configuration used for single uplink operation can be avoided if the network scheduling implementation can guarantee (e.g., via fast backhaul between LTE and NR RATs) that a UE operating in the SUO mode does not get scheduled with overlapping LTE and NR transmissions.
Regardless of whether or not the reference TDD is configured, as long as the UE never gets scheduled with overlapping LTE and NR transmissions, there appears no reason to limit the UE output power to P_LTE and P_NR which can be smaller than the UE power class for EN-DC operation. Therefore, the single-uplink operation should be enhanced such that both LTE and NR transmission powers can go up to maximum configured UE output power, Pcmax (i.e., without P_LTE or P_NR). A similar agreement was made for LTE transmission power in the case of NE-DC dynamic power sharing when semi-static slot configuration information indicates that an LTE UL subframe overlaps with an NR DL slot (i.e., an NR slot on which UL transmission is impossible). 
Proposal 2: Regardless of whether or not the reference TDD is configured, the single-uplink operation mode should be enhanced such that both LTE and NR transmission powers can go up to maximum configured UE output power, Pcmax (i.e., without P_LTE or P_NR). 
A final note is in order regarding NE-DC. Although the WID does not mention enhancements for NE-DC, but it seems natural that any enhancement to SUO for EN-DC equally well applies to NE-DC, so similar changes need to be made for NE-DC as well.
Proposal 3: Any enhancements adopted for single uplink operation for EN-DC should be specified for NE-DC as well.
Conclusion
In summary, we propose the followings for potential enhancements to SUO for EN-DC:
Proposal 1: The reference TDD configuration used for single uplink operation can be avoided if the network scheduling implementation can guarantee (e.g., via fast backhaul between LTE and NR RATs) that a UE operating in the SUO mode does not get scheduled with overlapping LTE and NR transmissions.
Proposal 2: Regardless of whether or not the reference TDD is configured, the single-uplink operation mode should be enhanced such that both LTE and NR transmission powers can go up to maximum configured UE output power, Pcmax (i.e., without P_LTE or P_NR). 
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