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1. Introduction
In last meeting RAN4 #97 e-meeting, some interested companies express constructive suggestions on how to evaluate the gain of calibration during the fruitful discussion. One WF is approved including agreed UL gap use case, candidate metric for performance gain evaluation, gap categories and evaluation basis. Further analysis and preparation are necessary before RAN4 begin the performance evaluation. In this contribution, we focus on how to evaluate performance gain, impact for NW and the comparison of these gain and impact to help process for final evaluation.
2. Discussion
2.1 Evaluation metric
In [1], three use cases are approved finally, which include PA calibration, transceiver calibration and UL power/enhancement. And the candidate evaluation metrics are listed with the same evaluation priority for all three use cases as follows, which almost cover all the requirements in RAN4 RF specification. 
· more UL power to enhance the coverage
· less MPR allowance to enhance the high MCS coverage
· better EVM, IQ imbalance, Carrier leakage to improve throughput signal quality
· Better emissions performance to reduce adjacent channel interference and in-band emission
· More accurate power control
Despite almost all above metric could be improved when different use cases of calibration are performed, the priority of evaluation metric for different use cases is different. Considering workload will increase exponentially as the increase of number of evaluation metric, it is necessary to find out which metric/metrics could be used for which use cases to reduce workload before evaluation.
Observation 1: It is necessary to prioritize the main/key metrics for different use cases to reduce workload.
· For UL power/enhancement calibration: as explained by some interested companies during email discussion that for FR2 while current requirements could satisfy regulatory requirements, UL gap can enable UE to have more accurate power control and avoid unnecessary P-MPR, which eventually result in the UL coverage enhancement. Therefore, it is expected that UL power/enhancement calibration could improve power control accuracy and UL power.
· For PA calibration: as has been well discussed in R15, UL gap enhancement may improve emission performance and finally the benefits may be absorbed by MPR. Therefore, it is expected that PA calibration can reduce MPR to increase the high MCS range. Although emissions performance is the direct benefits, considering it can’t contribute more for network once the regulatory requirements are met. So we only suggest to evaluate MPR.
· For Transceiver calibration: the main parameters to evaluate transceiver include SNR, integrated phase noise, SFDR and the non-linear factors.
· Integrated phase noise directly influences the emission requirement, especially the frequency range adjacent to channel BW rather than out of band, such as spectrum emission mask and ACLR
· SNR directly decides the final EVM
· SFDR could contribute to the emission requirements, mainly falling into the frequency range out of the band, such as spurious emission
Generally, transceiver calibration could improve EVM and some emission related requirements. As analyzed in PA calibration, emission requirements can’t contribute more once the regulatory requirements are met. Therefore, for transceiver calibration, both EVM and MPR metric are suggested.
Proposal 1: To reduce workload, it is suggested to only consider key metrics for each calibration use case as shown below.
	Use case of calibration
	Key metric

	UL power/enhancement
	Power control, UL power

	PA calibration
	MPR

	Transceiver calibration
	EVM and MPR



2.2 performance gain
The main objective of calibration WID is to evaluate performance and then identify whether to continue to analyse the potential impact to specification. It is noted the final decision of whether to introduce calibration gaps should trade off both the positive obvious gain benefiting from calibration and the negative NW/system impacts. In this contribution, we only focus on the method of evaluating performance gain.
At current state the main divergence about how to evaluate gains exists in whether to perform simulation. Most companies expect the visible testable gain. As for simulation, different views are expressed. 
Assuming we only use the method of testing for evaluating performance gain, the details of PA/transceiver/power control enhancement calibration could be regarded as a black box. Testable gain is calculated by comparing evaluation metric w/o UL gap. If obvious net performance gain is achieved after considering impacts to NW and UE, RAN4 could continue the following work with the knowledge UL gap could help to contribute more for network. There is no necessity to explore or model the details of how to perform calibration enhancement, which are dependent on UE’s behaviour. RAN4’s workload could be reduced to large extent. Therefore, testing without simulation seems like a good option in terms of workload and meanwhile it reflects the actual performance of UE.
However, testing means we will involve a series of UE devices designed by different vendor, which would lead to much performance behaviour. Some UE may show perfect gain while others show negligible gain, based on which it would be hard to conclude whether performance gain is achieved or how much the exact gain is. Therefore, simulation is required with pre-defined assumption before testing. 
Observation 2: if performance gain is evaluated only by testing, the modelling of calibration is not necessity as we could take calibration model as a black box. However, it would be hard to conclude final evaluation results considering the differences among different UE.
Proposal 2: both testing and simulation are suggested for the evaluation. 
For simulation, modelling is required. One method of how to model the enhanced calibration is shown as the start point for future discussion.
We take PA calibration as the example with MPR evaluation metric assumption. 
1) At first, we identify key parameter for calibration devices. For PA, 1dB compression point, OIP3 and gain are regarded as the key parameters to assess PA’s performance. 
2) Second, we need to model tolerance distribution caused by temperature and voltage for all parameters in the first step, e.g. Gaussian distribution with assumed mean and variance. 
3) The baseline MPR is then simulated based on above tolerance assumption. 
4) Next, the tolerance distribution is updated to model calibration enhancement, e.g. reducing mean or variance of gaussian distribution to zero with the assumption that calibration could help eliminate all tolerance caused by temperature or voltage. 
5) Finally, performance gain is derived. 
The diagram for this simulation is shown below:
	First step
	Identifying key parameter for each calibration device (only for simulation, the parameters should be aligned among vendors)
e.g. gain, 1dB compression point and OIP3 for PA
e.g. integrated phase noise, SINR, SFDR for transceiver

	Second step
	Modelling the tolerance distribution(a) for above key parameter caused by voltage or temperature shift
e.g. gaussian distribution with assumed mean and variance
Modelling the tolerance distribution(b) for above key parameter after UL calibration
e.g. gaussian distribution with reduced mean and variance

	Third step
	Device-level simulation is done to obtain evaluation metric for relative calibration use case with above tolerance assumption (a). This step is regarded to simulate the scenario when voltage or temperature shift deteriorates the performance of UE.

	Fourth step
	Device-level simulation is done to obtain evaluation metric for relative calibration use cases with above tolerance assumption(b). This step is regarded to simulate the scenario when calibration is performed.

	Fifth step
	Deriving the final gain based on the third and fourth step


 
Proposal 3: One method of how to model the enhanced calibration is shown in above table to evaluate performance gain. 
3. Conclusions
In this contribution, evaluation metric and performance gain are discussed with following observations and proposals:
Observation 1: It is necessary to prioritize the main/key metrics for different use cases to reduce workload.
Proposal 1: To reduce workload, it is suggested to only consider key metrics for each calibration use case as shown below.
	Use case of calibration
	Key metric

	UL power/enhancement
	Power control, UL power

	PA calibration
	MPR

	Transceiver calibration
	EVM and MPR


Observation 2: if performance gain is evaluated only by testing, the modelling of calibration is not necessity as we could take calibration model as a black box. However, it would be hard to conclude final evaluation results considering the differences among different UE.
Proposal 2: both testing and simulation are suggested for the evaluation. 
Proposal 3: One method of how to model the enhanced calibration is shown below to evaluate performance gain.
	First step
	Identifying key parameter for each calibration device (only for simulation, the parameters should be aligned among vendors)
e.g. gain, 1dB compression point and OIP3 for PA
e.g. integrated phase noise, SINR, SFDR for transceiver

	Second step
	Modelling the tolerance distribution(a) for above key parameter caused by voltage or temperature shift
e.g. gaussian distribution with assumed mean and variance
Modelling the tolerance distribution(b) for above key parameter after UL calibration
e.g. gaussian distribution with reduced mean and variance

	Third step
	Device-level simulation is done to obtain evaluation metric for relative calibration use case with above tolerance assumption (a). This step is regarded to simulate the scenario when voltage or temperature shift deteriorates the performance of UE.

	Fourth step
	Device-level simulation is done to obtain evaluation metric for relative calibration use case with above tolerance assumption(b). This step is regarded to simulate the scenario when calibration is performed.

	Fifth step
	Deriving the final gain based on the third and fourth step
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