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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 follows the initial introduction of the issue and the related solution in [5] and proposes the parameters associated with the network-managed approach to resolve this issue.

2 Discussion
2.1 Motivation

The primary motivation for the proposal to define PA calibration gaps in NR is to enable UEs to implement DPD techniques without resorting to highly complex implementations involving dedicated feedback receiver chains.  The PA calibration gap, as was proposed in [5], would allow the UE to utilize the gap to calibrate its PA without introducing additional RF chains into the implementation. This, in turn, allows UEs with reasonable implementation complexity to achieve higher operating points in the non-linear region of the PA while meeting the 3GPP requirements.
Our companion paper on MPR has analysed two potential proposals under two assumptions: with PA calibration gap and without.  Under the latter assumption, the PA characterization we used in the simulation did no assume any compensation and, consequently, required greater back-off. Tables 1 and 2 below provide the MPR simulation results from [6].
Table 1: Evaluated MPR values for mmWave with PA calibration gap [6]
	WF type
	modulation
	MPR For all BW and SCS

	DFT-s-OFDM
	Pulse Shaped Pi/2 BPSK
	-0.5

	
	Pi/2 BPSK
	2.0

	
	QPSK
	2.0

	
	16QAM
	3.0

	
	64QAM
	5.5

	CP-OFDM
	QPSK
	4.0

	
	16QAM
	4.5

	
	64QAM
	8.0


Table 2: Evaluated MPR values for mmWave without PA calibration gap [6]
	WF type
	modulation
	MPR For all BW and SCS

	DFT-s-OFDM
	Pulse Shaped Pi/2 BPSK
	0

	
	Pi/2 BPSK
	2.5

	
	QPSK
	2.5

	
	16QAM
	4.0

	
	64QAM
	7.0

	CP-OFDM
	QPSK
	4.5

	
	16QAM
	5.5

	
	64QAM
	9.5


Observation 1: Comparing the MPR results obtained with and without PA calibration gap assumptions, we observe that MPR increases by 0.5 dB for QPSK, 1.0 dB for 16QAM, and 1.5 dB for 64QAM.
Proposal 1: The overall benefit of the PA calibration gap is a net improvement of UE output power, which is progressively greater with higher order modulations.  This benefit can be derived by a UE without increasing its hardware complexity and is a solid justification for introducing the feature to the NR FR2 specification.
2.2 Parameters
The proposed PA calibration gap targets UEs with at least 2 RF chains (i.e. 2 Tx antenna ports) during periods of sustained UL transmission (in connected mode).  As a complexity-reduction feature for the UE, it is proposed as a UE capability.

Proposal 2: It is proposed to introduce a new UE capability which allows the UE to indicate that it needs PA calibration gaps; this capability is applicable to FR2 UEs with 2 or more Tx antenna ports.
The proposed PCG configuration is illustrated in Figure 1 below.
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Figure 1: Illustration of PCG parameters

In this configuration there are three aspects that need clarification and definition: the PCG period, the PCG length, and the UE behaviour during the PCG. Table 3 below summarizes the parameters.
Since the parameters associated with PA nonlinearity are not associated with a fast-changing process, in our understanding an update of the DPD coefficients is needed no less frequently than once per second.  In an effort to simplify the parameter definitions across all applicable subcarrier spacing values, the proposal is to specify the parameters in terms of slots.

Table 3: PCG parameters and their values
	Parameter
	Value / SCS
	Comment

	
	SCS=60
	SCS=120
	

	PCG period
	8,000 slots
(1000 ms)
	8,000 slots
(500 ms)
	An update of the DPD coefficients is needed no less frequently than once per second.

	PCG length
	1 slot
(125 us)
	1 slot
(62.5 us)
	


Proposal 3: Select the PA calibration gap parameters as captured in Table 3 and inform RAN1 to take these parameters into account in their design.
Another aspect to consider is the UE behaviour during the calibration gap.  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.
For the duration of the gap itself, it may not be necessary to over-specify the network and UE behaviour. As long as the UE is allocated resources which utilize a single Tx antenna port, it can perform the PA calibration procedure. From the network perspective, there may be power control consideration associated with such a change of resource allocation. It is our proposal to leave this aspect to gNB implementation.

Proposal 4: During the PA calibration gap the network allocates resources to the UE such that it utilizes a single antenna port transmission mode. Whether additional TPC commands are needed is up to gNB implementation.
3 Conclusion
This contribution has followed the initial introduction of the issue and the related solution in [5] and proposed the parameters associated with the network-managed approach to resolve this issue.  The following observations and proposals have been made:

Observation 1: Comparing the MPR results obtained with and without PA calibration gap assumptions, we observe that MPR increases by 0.5 dB for QPSK, 1.0 dB for 16QAM, and 1.5 dB for 64QAM.

Proposal 1: The overall benefit of the PA calibration gap is a net improvement of UE output power, which is progressively greater with higher order modulations.  This benefit can be derived by a UE without increasing its hardware complexity and is a solid justification for introducing the feature to the NR FR2 specification.
Proposal 2: It is proposed to introduce a new UE capability which allows the UE to indicate that it needs PA calibration gaps; this capability is applicable to FR2 UEs with 2 or more Tx antenna ports.
Proposal 3: Select the PA calibration gap parameters as captured in Table 3 and inform RAN1 to take these parameters into account in their design.

Proposal 4: During the PA calibration gap the network allocates resources to the UE such that it utilizes a single antenna port transmission mode. Whether additional TPC commands are needed is up to gNB implementation.

A companion LS in [7] has been prepared which implements the proposals for information to RAN1.
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