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1 Introduction
During RAN WG4 #60 the definition and required accuracy of the power and relative phase measurements needed for UE pattern measurement was discussed. This paper provides further analysis of this subject.
2 Power and relative phase definition
A preliminary description of the proposed requirements for measuring UE antenna patterns is contained in TR 37.976 [1] section B.4.3 is as follows:

6)    Enable the DUT to measure complex antenna pattern data, Received for each DUT receive antenna and the relative phase between the antennas.

The details of the received signal strength and phase measurements are to be elaborated but at this time it is assumed that these are based on the downlink RS as a non-limiting example.

[editor’s note: Details for complex antenna pattern data, Received Signal Strength (RSS) and phase and how their obtained are FFS. Further details shall be provided before test plan for this candidate method can progress]

The power measurement is used to characterize the variation in the gain of the antenna at different angles of arrival. The power measurement is absolute power in dBm per antenna branch and is measured during a call. The eNB emulator is configured for transmission mode 1 and the signal launched directly into the anechoic chamber from one antenna without any channel emulation. The signal is expected to arrive at the UE from only one direction. The details of the downlink configuration are not considered critical since the measurement is based on the downlink RS so as to be independent of the connection type. Inclusion of other downlink signals is not precluded provided they are at the same power as the RS. The entire RS bandwidth of the channel should be evaluated and averaged rather than just the central 6 RB defined for RSRP.
The nominal expected received power level will be in the range of -60 dBm as being easily achievable within the chamber allowing for typical path losses. The range over which the power measurement must be made is related to the variation in the gain of the antennas. It is expected that a 15 dB range will be sufficient. This range will be used to bound the linearity requirements in the region of [-60] dBm to [-75] dBm.
The relative phase measurement is a measure of the phase difference between the signals received on each antenna port at the same time.

The time period of the measurements is not considered critical but the range of 1 ms to 10 ms is considered reasonable. The configuration of the uplink is assumed to be non critical, and a nominal power of -10 dBm is assumed.

Future analysis of the impact of self desensitization through pattern measurements will result in further proposals for the required downlink and uplink power ranges.

3 Accuracy considerations
The absolute accuracy of the power measurements is not critical. This was discussed more fully in [2]. As such, the absolute power accuracy is not critical to specify although to bound the problem, the figure of +/- 6 dB ass applied for RSRP under more stringent conditions is proposed as having no impact on implementation.

The critical parameter to specify is the relative power measurement accuracy over the required range of measurement. Preliminary experiments were carried out in [3] to evaluate one implementation. Further analysis was provided in [4]. Analysis on the sensitivity of the pattern to errors in power measurement was provided in [5]. For the relative power accuracy a working figure of ± [1] dB is proposed. This is well inside the observations in [3] and [4]. For the relative phase accuracy a figure of ± [5] degrees is proposed. These figures are chosen to be within the capability of existing designs so as not to impact implementation. Analysis of the impact of these nominal figures on the final MIMO OTA figures of merit will be carried out in the future as part of the overall measurement accuracy work.
Factors to consider when evaluating the performance of a specific implementation are the extent to which any variable gain elements in the receiver might influence the results. A change of gain stage within the expected power range might create a power or phase discontinuity in the results, and it may be necessary to lock down any variable stages in order to maintain the necessary linearity.
4 Validation considerations
Preliminary validation of one implementation has been carried out in [3]. More detailed analysis will be carried out in the future. Being a test function it is not anticipated that actual verification would be a requirement since there is no gain to the UE in reporting anything but the observed results.

5 Conclusion

Further details of the required power and relative phase measurement have been provided. The non critical absolute power accuracy is proposed as ± [6] dB, the relative power accuracy over the range [-60] dBm to [-75] dBm is proposed as ± [1] dB, and the relative phase accuracy is proposed as ± [5] degrees.
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