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1. Introduction

This contribution proposes a method for measuring UL power using demodulation reference symbols.
2. Power Measurement Dependency on Data
Consider that a 1 RB LTE contains 12 16-QAM symbols; the statistical RMS variation due to the power variation for such symbols is illustrated in Figure 2.1 below. The illustration shows the CCDF of the measured power error in dB. For example, CCDF of RMS error exceeding 0.1 is 53%. Furthermore, the plot illustrates a substantial probability for errors exceeding 1 dB both sides of the mean power. 
The goal is to have < 0.1 dB error for 90% of the time. This is not achieved in one sub-frame as illustrated in Figure 2.2.  In fact, more than 100 16-QAM symbols are required to achieve the above goal as illustrated in Figure 2.3. Note that the symbols used for this analysis are ideal, i.e., they do not include any analog or RF distortions.
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Figure 2.1 – RMS Error CCDF for one 16 QAM symbol
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Figure 2.2 – RMS Error CCDF for 14 16-QAM symbols
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Figure 2.3 – RMS Error CCDF for 98 16-QAM symbols

3. Power Measurement on Reference Symbols

Two types of reference signals are used for LTE uplink: sounding and demodulation reference signals. In particular, demodulation reference symbols embedded with PUCCH and PUSCH channels. Demodulation reference symbols are built from Zadoff-Chu sequences. These sequences have good auto-correlation and constant symbol power, more importantly its power is constant regardless of the Zadoff-Chu sequence chosen as illustrated in Figure 3.1 below. Note that the CP has been removed for the purpose of this analysis; with the CP included some variability of power would otherwise be observed.

[image: image4]
Figure 3.1 – RMS power of Zadoff-Chu Sequence as a function of its delay parameter.
4. Conclusion

This contribution shows that UL power measurement using 16 QAM symbols requires many subframes to achieve a desired error of 0.1 dB 90 % of the time. Furthermore it also shows that power measurement over can be achieved over a single symbol if measured over demodulation reference symbols. Also note that there is one such symbol per slot for either PUSCH or PUCCH transmission. We therefore propose that power measurements for UE uplink be made over such symbols only as this totally eliminates undesirable data dependency in the measurement.
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