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3GPP RAN WG4 meeting #98-e discussed the UL gap as FR2 performance enhancement and a way forward was agreed [1]. 

The use cases identified for the gap that are for further study are:
· UE power/coverage enhancement
· PA calibration
· Transceiver calibration
Candidate metrics for UL gap performance gain evaluation are:
· More UL power to enhance the coverage
· Less MPR allowance to enhance the high MCS coverage
· Better EVM, IQ imbalance, Carrier leakage to improve signal quality
· Better emissions performance to reduce adjacent channel interference and in-band emission
· More accurate power control

These use cases and metrics are further discussed in this contribution.
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Introduction

The performance of any RF device is easily impacted by the number of physical characteristics and also design and manufacturing tolerances of the used technologies and components. Therefore a proper calibration is usually needed and also done in order to meet the performance requirements and also the customer and market expectations. The calibration can and is usually done in the production site and calibration values, and/or how they are used, may or may not be adjusted during the normal operation based on information that is available. The challenge with the factory calibration is that in order to ensure that above mentioned requirements and expectations are met in all use cases, in all ambient conditions and throughout the life-time of the device some margin needs to be left i.e. some of the performance that is existing in the device cannot be utilized. The size of the margin depends on design choices that are done and therefore this varies from solution to solution, device to device and parameter to parameter and there is no simple way to quantify it. In addition, many of the RF performance related parameters are inter-related, which means that size of the potential gain on one of the parameters is also impacted by the trade-offs done with the other parameters.

In order to utilize the full performance of the devices it is often possible, and in some cases also already done, to implement run-time (done during normal operation) calibrations or use other similar techniques but these require usually additional HW or SW components to be used that increase the design complexity and the calibration performance may be limited by the regulatory or performance requirements.

A calibration gap, which is provided by the network, may simplify and improve the performance of the calibrations done during the normal operation, which can then lead to smaller margins and improved device performance. Due to complexity of the FR2 mmWave RF solutions the benefits from smaller margins may be significantly larger in FR2 than the corresponding benefits on the lower frequencies, but on the other hand the increased HW complexity that is inherent in FR2 solutions can also decrease the overhead linked with run-time calibrations.



Focus on absolute levels rather than relative improvements

Due to the complexity of the topic, which is also heavily impacted by the design choices done by the different manufacturers, it is important for RAN4 to carefully analyze the potential improvements and final performance levels in combination with other RF performance metrics. It is also important to focus during the assessment of the results on the absolute level of the improved performance rather than relative improvements. Larger relative improvements are easier to achieve with the devices that operate close to the minimum requirement level, but the improved performance level may still be lower than the other devices.

Introducing of new RF requirements linked with UL gap need to be carefully studied

Although the way forward is clear on the steps of the work, i.e. focusing first on quantifying the potential improvements followed by the system studies and definition of the new capabilities and/or requirements we think that it is important for RAN4 to keep the testability and test complexity related aspects in mind throughout the work. There is already a significant test complexity linked with the FR2 OTA tests and this should not be increased on light grounds.

Other kind of performance trade-offs are also important
 
The focus of the ongoing work is to find ways to convert the calibration margins into RF performance improvements that then improve the system performance. The metrics that are used are all such that they also have a direct link with the power consumption of the device. Therefore we think that it is important for RAN4 to remember that smaller margins could also be used to improve the battery life-time, to lower the surface temperature of the device etc., which are very important parameters for the end user and for 5G user experience.

Conclusion
The use cases and metrics, as described in the way forward [1], are discussed and following areas for further discussion are identified:
· When quantifying the potential performance improvements the focus should be put on the absolute values rather than relative improvements
· Introducing of new RF requirements linked with UL gap need to be carefully studied
· Other kind of performance trade-offs, like performance vs. power consumption, are also important
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