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1 Introduction
With the RF requirements for the New Radio (NR) standard [1] under development, the discussions on power class and signal quality requirements for UEs operating in FR2 have progressed to identify an expected range of UE maximum output power to be between 22 dBm and 30 dBm EIRP [2].  A detailed analysis of the UE architecture necessary to achieve such an output power has proposed a UE with multiple 4-element antenna arrays, where each element’s vertical and horizontal polarization feeds are driven by a power amplifier (PA) [3]. Thus, the UE may implement 16 PAs or more within a handset form factor. Facing the challenge of meeting signal quality requirements over sustained transmission periods, one tradeoff in the design is PA linearity vs. power consumption.

One approach of improving the power consumption of the PA is to operate it in the nonlinear region and to utilize digital pre-distortion (DPD) techniques. This approach requires periodic measurements of the PA’s characteristics. One method of obtaining these measurements is to utilize a dedicated feedback receiver chain. However, such an implementation carries additional cost and UE complexity and may not be desired [4].
This contribution describes a network-managed approach to resolve this issue.

2 Discussion

The scenario which stresses the PA performance to the greatest extent is UL-MIMO operation, where the transmission quality requirements impose a design trade-off between PA linearity vs. power consumption.  Figure 1 below illustrates the scenario.
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Figure 1: Illustration of PA calibration gap scenario

We note that some UE implementations may opt for greater power consumption and may not need such procedures for PA calibration.  However, a handheld UE implementation must optimize battery life performance, and we consider the cases of UEs with over-designed PAs as a corner case (perhaps targeting a fixed deployment scenario or a machine type communication implementation). Some UEs may implement predistortion with feedback receiver loops to perform continuous calibration. Such implementations should not be precluded, but a forward-compatible NR network design should also seek to optimize UE complexity and cost.
The proposed PCG configuration is illustrated in Figure 2 below.
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Figure 2: Illustration of PCG parameters

In this example, the PCG may be defined by the PCG period and PCG length. The configuration itself may be triggered by a UE request, by a network decision (i.e. according to gNB implementation), in a semi-persistent manner, or in the specification. The exact pattern can be determined based on existing examples of gaps in 3GPP, such measurement gaps or uplink compensation gaps for eMTC/NB-IoT or based on new analysis. According to our analysis, the gaps can be very infrequent so as to minimize the overall impact on system throughput; for example, the PCG period does not need to be any shorter than 1 second, and PCG length can be several symbols.
In the example case of UL-MIMO transmission, during the sustained period of data transmission, the UE utilizes both RF chains to transmit UL-MIMO. During the PCG the UE is allocated fewer UL resources such that it becomes possible for the UE to continue transmission to the gNB on one Tx chain while utilizing the other chain in the calibration procedure. While the calibration procedures themselves are up to UE implementation, the UE should be able to utilize any UL signal or channel during this gap. It is also an important requirement to ensure that any UE transmissions during the gap satisfy all emission conformance requirements and do not violate any regulatory or safety limits. 
Proposal 1: A network-managed allocation of calibration gaps for the UE’s PAs is necessary to allow for power and cost efficient UE implementations in NR.
Proposal 2: Interested companies are encouraged to provide their analysis of potential PA calibration gap configurations and parameters.

Proposal 3: An LS to RAN1 from this meeting is needed to identify the issue.

Proposal 4: An LS to RAN1 from the NR AH #4 meeting is needed to define the PA calibration gap parameters.
3 Conclusion
This contribution has described a network-managed approach to improve the power consumption of the UE by creating PA calibration gaps for the UE.  The following proposals have been made:

Proposal 1: A network-managed allocation of calibration gaps for the UE’s PAs is necessary to allow for power and cost efficient UE implementations in NR.

Proposal 2: Interested companies are encouraged to provide their analysis of potential PA calibration gap configurations and parameters.

Proposal 3: An LS to RAN1 from this meeting is needed to identify the issue.

Proposal 4: An LS to RAN1 from the NR AH #4 meeting is needed to define the PA calibration gap parameters.
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