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


UL power control for NR-NR DC 
NR Rel-15 supports DC operation on a same frequency range (FR1) where the MCG-SCG operates with LTE-NR (EN-DC) or NR-LTE (NE-DC). To avoid coverage limitations while not increasing latency and, in general, to avoid UE transmission power under-utilization, dynamic power sharing was first agreed. Subsequently, as LTE and NR are typically supported by different UE modems and as inter-modem communication cannot be always guaranteed to be fast enough to enable exchanging and adjusting required transmission power at a later time, particularly for NR, support for semi-static power sharing was also agreed as a complementary mechanism. This was with the understanding that semi-static power sharing can become obsolete if dynamic power sharing is mandated at a later time [2]. For certain band combinations and/or resource allocations, simultaneous UL transmissions from a UE on different bands can cause intermodulation products and degrade receiver sensitivity. However, this is a separate issue that is already addressed by single UL switched transmissions in Rel-15 (with some functional enhancements to improve scheduling opportunities considered in Rel-16) and is not further considered in this contribution.

Overall, UL power control for DC operation is a highly mature subject with extensive work done both in LTE and in NR. For NR-DC, a same UE modem is expected to be used for communication with both CGs – i.e. having separate hardware for NR-DC is not deemed to be a typical implementation. Inter-modem communication delay considerations for EN-DC are not applicable. Also, power allocation and MPR/A-MPR determination are simpler than for EN-DC. 

The main discussion points currently are on whether semi-static power sharing needs to be supported by a separate procedure than dynamic power sharing or can be a configuration mode of a single procedure, and on the details of a dynamic power sharing.

Dynamic power sharing is beneficial to avoid coverage loss (for a given latency) and reduction in UL (and possibly DL if UCI is also affected) spectral efficiency. For example, one typical case for NR-DC is for a MCG that is a macro-cell providing coverage/mobility support and a SCG that is a small cell providing data offloading. It should be obvious that a semi-static power sharing will be highly detrimental for such operation, both in terms of coverage and UL (and possibly DL) spectral efficiency. Although the details of dynamic power sharing are to be determined, it is expected that semi-static power sharing can result through a configuration of parameters values by the network for dynamic power sharing. For example, dynamic power sharing can include configuration of maximum transmission power per CG and, if the sum is equal to PCMAX, semi-static power sharing is achieved. Therefore, a separate procedure for semi-static power sharing is not justifiable.

Observation 1: Dynamic power sharing is required to avoid losses in coverage and spectral efficiency for NR-DC. Semi-static power sharing is expected to result through configuration of parameter values for dynamic power sharing. 
 

With dynamic power sharing, a UE should be able to allocate power to a transmission on one CG while considering ongoing, and possible upcoming (later scheduled), transmissions on the other CG. To protect transmissions that are not expected to require large power, such as PUCCH transmissions that are narrow-band or SRS transmissions in a small cell that experience small path-loss and can be with frequency hopping, a minimum guaranteed power per CG can be configured. 

It is noted that except for the case the NR-DC operates as in LTE with same SCS in all cells of both cell groups and with PUCCH/PUSCH transmissions occurring at the beginning of the slot, NR-DC operation is practically always asynchronous. For example, for PUSCH scheduling starting at an arbitrary symbol of a slot, as for operation with mixed and/or dynamic slot format, or for cells with different SCS (even in the same cell group), there is no notion of synchronous operation at least in terms of determining a transmission power across cells.

An issue with dynamic power sharing is the power allocation when the transmissions in the cell groups do not start exactly at the same time (“asynchronous NR-DC” although the term is not appropriate). 

One approach is to prioritize power allocation to ongoing transmissions as in LTE DC (i.e. no ‘look-ahead’). However, this diminishes the possibility to guarantee certain transmissions only to the case of synchronous DC with LTE-like operation (fixed start time of all transmissions, same SCS in all cells). 

Another approach is for a UE to dynamically adjust a transmission power (when a maximum transmission power is exceeded) based on the prioritization of associated information types. This also does not protect transmissions and, depending on the level of power scaling, it may lead to phase discontinuity (e.g. better to drop a transmission if it is to be power scaled beyond a threshold – similar to EN-DC in Rel-15 using the XSCALE value).   

Another approach is for a UE to determine a power of a signal/channel transmission at a given time by considering a power of overlapping signal/channel transmissions that are scheduled at a later time together with the corresponding information type prioritization. Such ‘look-ahead’ operation is supported in Rel-15 for determining a channel, among multiple overlapping PUCCH/PUSCH, for multiplexing UCI. The same mechanism can apply for determining a power. This is overall a simpler functionality for a UE to support than determining a channel and multiplexing UCI in that channel. The timelines may actually be tightened compared to Rel-15 but, given the time limitation for the completion of the WI, the Rel-15 timelines can apply. 

Considering the above, the last approach is preferable. 

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

Proposal 2: For NR-DC in FR1, support configuration to a UE of minimum available powers for respective transmissions on the MCG and the SCG. 

Proposal 3: For NR-DC in FR1 and for determining a power for a transmission, a UE considers a power for later scheduled overlapping transmissions subject to the same timelines as for determining a channel among overlapping channels for UCI multiplexing in Rel-15. 


If semi-static power sharing also needs to be supported, the UE can be additionally configured (1 bit) whether or not a total transmission power on a CG can exceed the minimum available power (subject to PCMAX being the maximum available power). 

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 Rel-15 CA rules can apply with the additional consideration for URLLC. 

Proposal 4: For NR-DC in FR1, a power limited UE applies Rel-15 CA power allocation prioritization rules for transmissions in different CGs. In case of a same prioritization, power allocation is prioritized for transmissions on the MCG. FFS for URLLC.
  

Conclusions
This contribution considered aspects related to UL power control operation for NR-DC operation in a same frequency range and proposes the following.

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

Proposal 2: For NR-DC in FR1, support configuration to a UE of minimum available powers for respective transmissions on the MCG and the SCG. 

Proposal 3: For NR-DC in FR1 and for determining a power for a transmission, a UE considers a power for later scheduled overlapping transmissions subject to the same timelines as for determining a channel among overlapping channels for UCI multiplexing in Rel-15. 

Proposal 4: For NR-DC in FR1, a power limited UE applies Rel-15 CA power allocation prioritization rules for transmissions in different CGs. In case of a same prioritization, power allocation is prioritized for transmissions on the MCG. FFS for URLLC.
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