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Introduction  
This contribution summarizes past discussions on the tradeoffs on UL power control approaches for NR-DC where both the MCG and SCG operate on the same frequency range [1].


UL power control for NR-DC 
The UL PC design attributes for NR-DC can be essentially summarized as a down-selection from the following options. 
   
Semi-static vs dynamic inter-CG power sharing
It is generally understood that dynamic inter-CG power sharing can avoid coverage loss and avoid UE transmission power underutilization. 

It has been argued that dynamic power inter-CG sharing can lead to dropped transmissions and then the benefits are questionable due to the uncoordinated scheduling between the CGs. In general, power limited UE operation is not a frequent event and typically happens when the UE is in poor coverage where anyway dynamic inter-CG power sharing would be most beneficial to maintain coverage. Further, whether there will be any dropped transmissions depends on the deployment scenario. For example, for a typical DC deployment where a macro-cell (MCG) is used for mobility support while small cells (SCG) are used for data offloading, there won’t be dropped transmissions (at least frequent ones), coverage will not be impacted, and maximum UE power utilization is available for UL throughput. Moreover, transmissions do not need to be dropped and they can be power scaled – whether there is any phase discontinuity can depend on the amount of power scaling and, more importantly, on the applicability of ‘look-ahead’ for the determination of transmission power. 

It has been also argued that certain UE implementations find it difficult/impossible to support dynamic power sharing or ‘look-ahead’. Instead of the UL PC design for NR DC dropping to the lowest common denominator, such UEs can declare a capability that are unable to support dynamic power sharing (then, whether or not such UEs support ‘look-ahead’ becomes irrelevant). It is then up to the gNB to set the parameters of dynamic power sharing for such UEs. 

Proposal 1: For NR-DC in FR1, support inter-CG dynamic sharing of UE transmission power. 

Proposal 2: Introduce a UE capability parameter for a UE to indicate support of inter-CG dynamic sharing of UE transmission power. Dynamic power sharing allows parameter settings resulting to semi-static power sharing.


‘Look-ahead’ vs. ‘no look-ahead’
Look-ahead is the ability of a UE to determine a power of a signal/channel transmission at a given transmission occasion by considering a power of overlapping signal/channel transmissions that are scheduled at a later time. Prioritization of power allocation is an additional, separate, aspect that is trivial to resolve based on the information or service type (e.g. follow LTE DC or NR CA and also possibly consider URLLC for Rel-16). As it has been discussed, ‘look-ahead’ is already supported in Rel-15 for a UE to determine a channel for multiplexing UCI when there are several time-overlapping channels. The Rel-15 procedure is actually more complex than ‘look-ahead’ for determining a transmission power and so are the corresponding UE operations (multiplexing UCI in the selected channel vs. setting a transmission power). It has again been argued that certain UE implementations find it difficult/impossible to support ‘look-ahead’ (although channel selection, among overlapping channels, for UCI multiplexing is a mandatory UE feature in Rel-15 subject to associated timelines). The same approach as for dynamic power sharing can be followed to address such concerns.
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Proposal 3: Introduce a UE capability parameter for a UE to indicate whether or not, for determining a power at a transmission occasion, the UE can consider a power for a later scheduled overlapping transmission subject to Rel-15 timelines for determining a channel among overlapping channels for UCI multiplexing. 


‘Guaranteed minimum power’ vs. ‘no guaranteed minimum power’
A guaranteed minimum power can protect transmissions, such as a PUCCH with HARQ-ACK information or a SRS and allow for reliable HARQ-ACK feedback (particularly in absence of CRC) or link adaptation (particularly for the NR deployments in unpaired spectrum). In NR, the benefit of a guaranteed minimum power primarily exists if the UE also supports ‘look-ahead’ unless the deployment is as in LTE (synchronous CGs using same SCS). Nevertheless, we have not identified any implementation issue with supporting ‘look-ahead’ and, as previously discussed, it should be allowed at least based on a UE capability indication.

To support semi-static power sharing, the gNB can indicate whether the configured powers for the MCG and the SCG are minimum ones or maximum ones.

Proposal 4: For NR-DC in FR1, support configuration to a UE of available powers for transmissions on the MCG and the SCG and indication of whether they are minimum powers or maximum powers. 


Since with dynamic power sharing a total UE transmission power at a given time can exceed PCMAX, power prioritization rules are needed for the channels/signals to be power scaled/dropped. The LTE DC or the Rel-15 NR CA rules can apply and URLLC may also be considered. 


Conclusions
This contribution considered aspects related to UL power control operation for Rel-16 NR-DC operation and proposes the following.

Proposal 1: For NR-DC in FR1, support inter-CG dynamic sharing of UE transmission power. 

Proposal 2: Introduce a UE capability parameter for a UE to indicate support of inter-CG dynamic sharing of UE transmission power. Dynamic power sharing allows parameter settings resulting to semi-static power sharing.

Proposal 3: Introduce a UE capability parameter for a UE to indicate whether or not, for determining a power at a transmission occasion, the UE can consider a power for a later scheduled overlapping transmission subject to Rel-15 timelines for determining a channel among overlapping channels for UCI multiplexing. 

Proposal 4: For NR-DC in FR1, support configuration to a UE of available powers for transmissions on the MCG and the SCG and indication of whether they are minimum powers or maximum powers. 
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