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Introduction
With the aim to study the characteristics of physical propagation of radios, the real field channel measurement campaigns are essential during the determination of channel modelling. Therefore, many measurement campaigns for high frequency channel modelling have been conducted by numerous companies and institutes [1]-[3][4][5][6]. Due to extremely high free-space pathloss, most of these campaigns use the directive antennas, such as horn antennas, to obtain sufficient receiving power to ensure measurement accuracy. These directive antennas are performed as an additional spatial filter with specific beam-width as well as antenna pattern. The whole spatial measurements can be accomplished via rotating these antennas. 
This contribution explores the "frosted glass" phenomenon induced by these antenna-rotation-based channel measurements and elaborates our views on treatment for measurement samples in the propagation channel modelling based upon such measurements. Similar concept for the pure channel to be “blurred” by the measuring antenna pattern is also revealed in [1].
Discussions on "frosted glass" phenomenon
The channel samples from the measurement are easily contaminated by the sounding system unless the measurement platform is well calibrated and influences from the antenna hardware are removed. Traditionally, the channel measurement is conducted by adopting the Omni-antenna or array at the frequency below 6 GHz; the propagation channel is completely captured and the parameters of multi-path components can also be derived influence-free from antenna hardware by introducing post-signal processing methods, e.g., SAGE, MUSIC[7][8][9].
When it comes to the studies of high-frequency channel, where the severe propagation loss impacts the measurement accuracy, the transmission and measurement equipments with the high-directivity antenna are widely used to boost receiving power and gain improved measurement accuracy. Consequently, the measured channel realizations are more significantly influenced by the radiation pattern of antenna than those at frequencies below 6GHz.
The influence of the antenna radiation pattern adopted in measurement is analyzed through the comparisons among the measurement and two ray-tracing (RT) simulations, namely RT-1 and RT-2. 
· In RT-1 simulation, the spatial parameters of each path are directly calculated.
· In RT-2 simulation, the spatial angles for simulated paths are convoluted with rotated directional patterns of at both the Tx and Rx antennas,  to emulate the procedures occurring in the measurement.
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[bookmark: _Ref441673129]Figure 1 Comparisons among channel measurements and two RT simulations at RxId 1
The measurement sample collections and two sets of RT simulation results are shown in Figure 1, where the ray parameters from measurement and RT-2 simulation are quite aligned with each other. Specifically, it is observed that more rays/paths are detected from measurement/RT-2 than RT-1, and the distribution of rays/paths in measurement/RT-2 is also more cluster-alike than in results of RT-1. These differences are caused by the "frosted glass" phenomenon as demonstrated in Figure 2 [6], which refers to the results from convoluting between the pure channel response and the antenna pattern adopted in the channel sounding system. In Figure 2, the detected multiple paths are fake ones generated by the antenna pattern, instead of the real channel response. Therefore, the "frosted glass" phenomenon makes significant influence on the "cleanness" of the channel measurement samples and subsequently the accuracy of channel modeling. 
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[bookmark: _Ref441673699]Figure 2 Schematic of the “frosted glass” phenomenon
Because the antenna configuration used for the measurements may not be the same as those used for the future operation equipment, the “forested glass” impact should be removed/decoupled from measurement samples and subsequently an underlying propagation channel model without involving antenna pattern can be established for high frequency communications. The decoupling algorithms including “SAGE” and “MUSIC” are well studied and proposed for recovering the real channel[7][8]. In [1], the same conclusion on the necessity of undoing the convolution between the measuring antenna and the channel has been drawn. Meanwhile, as indicated in Figure 1, the RT approach can directly reproduce the channel properties based on the electromagnetic wave theory and naturally achieve the decoupling between propagation channels and antenna pattern. Therefore, the RT approach is another reasonable choice for emulating the clean “measurement samples”.   
Observation 1: The antenna pattern adopted in the current sounding systems makes a significant influence on the cleanness of measurement samples as well as the accuracy of overall modeling. The antenna pattern response should be decoupled from the channel measurement samples. 
Observation 2: The RT approach can be used to generate clean channel samples without any impact from specific measuring antenna hardware. 
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This contribution provides our observations as following for the high-frequency channel measurement and modeling:
Observation 1: The antenna pattern adopted in the current sounding systems makes a significant influence on the cleanness of measurement samples as well as the accuracy of overall modeling. The antenna pattern response should be decoupled from the channel measurement samples. 
Observation 2: The RT approach can be used to generate clean channel samples without any impact from specific measuring antenna hardware.
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