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1. Introduction

There have been discussions concerning the issue how accurate the power control of the UE can and should be [1]. This document introduces frequency response measurement results of real duplexer-filters.
2. Discussion
One of the most critical areas in UE power control is PUCCH accuracy. PUCCH location varies from low edge to high edge of the channel and so it passes duplex filter at different frequency and is affected by the filter ripple.
Figure 1 shows frequency responses of three band II Tx filters.  From the blue graphs it can be seen that a worst case power difference for PUCCH channels in 20 MHz UL channel BW would be approximately 1.5 dB. Other two filters would introduce approximately 1.0 and 0.5 dB power differences to PUCCH channels.
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Figure 1 Frequency responses of three Band 2 Tx filter samples
Band II filter design is challenging because of narrow band gap between UL and DL bands however Tx filter frequency amplitude response variations can be seen in all bands.  Figure 2 shows frequency responses of three different band I duplex filters. Filter having the blue graph response would introduce the worst case 1 dB power difference for PUCCH channels in 20 MHz channel configuration.
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Figure 2 Frequency responses of three Band 1 Tx filter samples
Ambient temperature affects to duplex filter frequency response such way that pass bands shifts to lower frequency when temperature rises. Figure 3 shows that PUCCH channel power imbalance would change from approximately 2.5 dB to less than 1 dB when filter ambient temperature is swept over the specified temperature range..
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Figure 3 Temperature effect for duplex filter frequency response
Loading of the duplex filter affects to its frequency response. Loading is caused for example by the user placing the hand above the antenna. Also power amplifier impedance on the input side of the filter can change. Figure 4 shows a case where a filter has quite flat response in 50 ohm condition but under VSWR 3:1 loading condition it has almost 3 dB amplitude ripple.
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Figure 4 Band 5 Tx filter frequency response in 3:1 VSWR loading
If the filter ripple was constant it would be possible to compensate it and remove at least part of the error. However in practice there are so many parameters that change the ripple that it is not realistic to assume that it could be removed by some kind of calibration.
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4. Conclusion
Measurements indicate that UE duplex filter amplitude frequency response ripple can be in the order of 3 dB. This ripple is added on top of the other power control errors. It is necessary to take this additional error in to account when defining UE power control tolerance for the cases where RB location inside the channel changes. 
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