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Introduction
UL gaps for FR2 UEs’ self-calibrations were proposed during Rel-15. But lack of consensus, there had no outcome in Rel-15 and no further discussions during Rel-16 timeframe. In preparation of Rel-17 WID, the interests were resurgent, and companies agreed to study if UL gaps are feasible and if performance gains are identified. In this contribution, we identify the possible performance gains if UL gaps are allowed.
Discussion 
With manufacture calibrations, Rel-16 compliant UE must meet all Rel-16 RF requirements in required operating temperature and voltage range. For FR2, due to large channel bandwidth and high data throughput and high carrier frequency, RF components are more vulnerable to temperature and voltage drifts. Without real-time calibrations, design margins and/or complicated manufacture calibrations are needed.  With real-time calibrations, design margins can be explored to boost overall system performance and manufacture calibration effort normally can be reduced. One way for UE to do real-time calibrations is to use UL gaps, the dedicated slots during which UEs may calibrate RF components. A variety of RF components can benefit from calibrations, such as PA, LO/mixer, LNA, analog RF filter, ADC and DAC, etc.

The objective of this study has two phases captured in approved WID [1]· UL gaps for self-calibration and monitoring. [RAN4 RF/RRM, RAN2] Study and, if feasible, introduce UE specific and NW configured gap for general self-calibration and monitoring purposes including
· PA efficiency and power consumption
· Transceiver calibration due to temperature variation 
· UE Tx power management
· Others self-calibration and monitoring are not precluded
· Phase 1: Study and clearly identify the performance gain over the current baseline (Rel.16 requirements) Study of RF performance evaluation/testability related to UE self-calibration and monitoring. Study network impact of UE emissions during UL gap, if any.
· Phase 2: Specify the UL gap configuration(s), related UE capability and interruptions, if needed, based on the identified performance gain in Phase 1 and UE fall back behavior i.e. if gaps are not available for UE requesting gaps.



It is important to identify the performance gains specified in phase 1. The following table list different RF aspects we think the performance can be further improved over current Rel-16 requirements when self-calibrations can be performed in the UL gaps.


Table 1 Identified RF requirements that potentially can be improved with self-calibration using UL gaps
	RF aspects
	Comments

	Transmitter characteristics
	

	Minimum peak EIRP, Spherical coverage, MPR and AMPR
	If PA can be calibrated by real time DPD algorithm, the minimum peak EIRP and spherical coverage can be improved. MPR and AMPR may need re-evaluation as well. But How can PA be calibrated? Peak power needs to be exercised by dedicated signals like CW or normal UL data to measure the PA distortion. Unless there are switches on the board to disconnect PA with antenna, otherwise, how to make sure the emission can meet regulatory requirements and minimize the interference of UL beams?  

	Configured transmit power
	Contributions from minimum peak EIRP, MPR and AMPR to improve Pumax. 
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	Transmit signal quality
	Among requirements of Transmit signal quality, we think carrier leakage and IQ image requirements can be improved by real-time calibrations to track IQ imbalance. Current requirements are -25dBc and -20dBc at specified different output power levels. 

An example for PC3 

	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	IQ Image
	dB
	-25
	Output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-20
	Output power ≤ 10 dBm
	

	Carrier leakage
	dBc
	-25
	Output power > 0 dBm 
	Carrier frequency (NOTES 4, 5)





	Receiver
characteristics
	Although in general, Rx components may also benefit to real-time calibrations, but so far, we have not yet identified significant gains in current RF requirements like REFSENS, Maximum input level, ACS, Blocking and spurious emissions.  




Observation 1:  The following Tx requirements can be improved over current Rel-16 requirements with self-calibrations over UL gaps: Minimum peak EIRP, spherical coverage, MPR/AMPR, configured transmit power, IQ image and carrier leakage.

RF component characteristics drift over time when temperature and voltage change. The rate of drift can be characterized as a slow process in nature. UL gaps should be sparse in UL slot configurations.  Any throughput loss due to UL gaps should be compensated by throughput increase due to performance gain. So net throughput gain should be observed. Otherwise, there is no need to have such UL gaps for self-calibrations.

Observation 2: UL gaps for self-calibrations should bring net throughput gains. Any throughput loss due to UL gaps should be compensated by throughput increase due to performance gain.
Conclusion
In this contribution, we identify RF aspects with potential performance gain due to UL gaps. We have following observations.

Observation 1:  The following Tx requirements can be improved over current Rel-16 requirements with self-calibrations over UL gaps: Minimum peak EIRP, spherical coverage, MPR/AMPR, configured transmit power, IQ image and carrier leakage.

Observation 2: UL gaps for self-calibrations should bring net throughput gains. Any throughput loss due to UL gaps should be compensated by throughput increase due to performance gain.
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