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1. Background
In this contribution we discuss the applicability of sub 6GHz TRP testing on above 6GHz spurious radiation.
2. Antenna Radiation Above and Below 6GHz

There is a fundamental physical consideration for radiation patterns around similar sized objects, such as cell phones, tablets and other portable devices. At low frequencies these objects are electrically smaller and diffraction and scattering phenomena produce relatively smooth patterns (albeit irregular). An example of such radiating patterns can be found in [1] and is shown in Figure 2.1.
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Figure 2-1: Measured radiation patterns of small printed antennas on a 70mm × 140mm printed board at a) 900MHz and b) 2GHz and 3.5GHz (Ant 3-Ant 6), from [1].
As seen in Fig. 2-1 for the same size mounting platform the patterns for increased frequency have a larger number of nulls. For instance, for 900MHz there are one or two nulls in the patterns and in some cases no nulls, whereas at 3.5GHz there are up to four distinct lobes and up to 3 nulls. This phenomenon becomes even more pronounce when the frequency jumps to 28GHz and above. Such an example is shown in Fig. 2-2 where the antenna in [2] is mounted on a 70mm × 140mm ground plane. The simulated results at 28GHz in Fig. 2-2 show that the ripples are much deeper and the number of nulls is very big, compared to the sub 6GHz examples. This is also expected since the ground plane of this size (typical smartphone size) is 6.5 × 13 wavelengths. The results described above lead to the following observations:
Observation 1: 
The scan resolution required to adequately measure the radiation pattern at above 6GHz is much finer than the resolution required at sub 6GHz frequencies.


[image: image3] 
Figure 2-2: Simulated X and Y gain patterns of small printed dipole antennas from [2] on a 70mm × 140mm printed board at 28GHz as shown on the left.

3. Implications on TRP Measurements


The observation from the previous section has a significant effect on TRP measurements, designed to account for spurious radiation, if far field measurements are presumed as in [3]. In previous discussions [3], it was noted that 15° scan increments would be proposed. It is clear from Fig. 2-2 that with a 15° scan increment there would be a lot of energy not accounted for and many deep ripples that will simply be ignored. Furthermore, if narrow beam analog beamforming is employed then it would be a typical case, for large enough arrays, that the whole main lobe might be missed. This leads to the following observation
Observation 2: 
When measuring TRP for above 6GHz (24GHz, 28GHz, 39GHz, etc) using current low frequency techniques major inaccuracies and miscalculations will occur.
Hence, it is clear that measuring at finer resolution can fix the problem but the trade-off is the testing time. As shown in Fig. 2-2, the resolution has to probably increase by orders of magnitude increasing testing time accordingly. It is, therefore proposed that
Proposal:
Discuss alternative ways to measure spurious radiation other than TRP for above 6GHz

4. Conclusion

Observation 1: 
The scan resolution required to adequately measure the radiation pattern at above 6GHz is much finer than the resolution required at sub 6GHz frequencies.

Observation 2: 
When measuring TRP for above 6GHz (24GHz, 28GHz, 39GHz, etc) using current low frequency techniques major inaccuracies and miscalculations will occur.

Proposal:
3GPP TSG RAN4 should discuss alternative ways to measure spurious radiation other than TRP for above 6GHz
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