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1 Introduction
The MU analysis and test description of the in-band blocking requirements is progressing and is simplified by the agreement that the wanted signal and the interferer are coming from the same direction. As the antenna pattern is the same for both signals then the relationship between wanted and interferer is maintained.

The out of band blocking requirement however is specified in terms of a field strength arriving at the antenna, as the interferer may be a very different frequency than the wanted signal it is possible that the antenna pattern will not be consistent and in particular it could be that the reference direction (or the in-band beam peak direction) could have a null in the pattern at high frequencies. Hence it would not be a worst case condition to put the interferer in the beam peak direction.

This paper further discuses the issues around the out of band antenna performance.
2 Discussion

Considering a simple dipole, the far field pattern can be modeled as:
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Where L is the antenna length, η = 377Ω (impedance of free space, k=2πλ, and I0 is the peak current.

For a half wave dipole L=λ/2 and has the following pattern (compared to the 3GPP element model)
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Figure 1: Dipole and 3GPP element pattern (elevation)
The dipole model is quite close to the 3GPP element pattern model, most importantly it can be seen it peaks in the centre at 90deg.
Now we can consider what happens when looking at the dipole when it is not λ/2.

If the frequency is lower then the antenna  becomes shorter
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Figure 2: Short Dipole pattern (below λ/2)

The effect on the normalized pattern of a short dipole can be seen in figure 2. In reality the impedance of the antenna will also change an the radiation efficiency will reduce, however the important thing to note in this case is that the peak direction is in the same direction i.e. 90deg.

If the frequency is higher then the antenna become longer
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Figure 3: Long Dipole pattern (2 λ and above)

Once again the results are normalized so do not take into account the impedance or the radiation efficiency of the antenna. The radiation pattern in this case however is significantly more complex. The peak gain direction is no longer in the centre, and for even multiples of the design frequency wavelength there is a null in the centre.
Clearly it will be very difficult to estimate where the worst case direction is with respect to the out of band frequencies, however out of band blocking is a very time consuming test as it covers a very large frequency range and  making sensitivity measurements requires averaging to obtain a throughput metric so each measurement point is time consuming.
Also this analysis shows a dipole which is omni direction so the radiation pattern split occurs in elevation, other antenna elements which are resonant in 2 dimensions such as patches may also have a split pattern in azimuth, meaning that multiple test points are needed in both dimensions.

So it is necessary to ensure that the number of directions which are required are minimized, for example the peak at 6* the design frequency (approx 12GHz for a 2GHz system) are at approx 23° (or 67° from centre). Of 4 points are taken between the centre (90°) and the extreme angle of 23° we get the following response over frequency.

It can be seen that the gain is always within 2dB of maximum
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Figure 4: Long Frequency response for 4 test points (between 30 and 90deg)

If the number of points is doubled to 8 then the ripple can be reduced to less than 0.5dB.
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Figure 5: Long Frequency response for 8 test points (between 30 and 90deg)

As the ripple and the number of points are related, this can be used to reduce the number of test points by increasing the interferer level. 
This is similar to the pre-scan technique for TRP emissions where a stricter requirement is passed for a fewer number of test points.

For example 

if 8 test points are used then the interferer level is 0.36V/m as per the core specification

if 4 test points are used the interferer level is 0.46V/m (i.e. 0.36*102/20)
Note the test directions being discussed are the directions for the interferer, the wanted signal is located in the reference direction at all times.
3 Summary

The radiation pattern at frequencies outside the design range of the antenna have been investigated using a simple dipole model the following points have been highlighted:
· Below the frequency of operation and up to 2 times the frequency of operation the highest gain is in the reference direction

· A single test direction can be used where the interferer is in the same direction as the wanted signal

· At frequencies above 2* the operation frequency the radiation pattern may ‘split’ and the direction of highest gain is not known.

· The interferer direction and the wanted signal direction for compliance must be different

· The direction of max gain seems to be within 60deg of the wanted direction

· 8 directions are sufficient to ensure that the worst case is found with little error

· Fewer points may be used to show compliance if the interferer level is increased

Clearly some more realistic element models need to be investigated to ensure that the results for the simple dipole are also valid for more complex element designs. However it seems that out o band blocking must be tested with the interferer in more than 1 direction.
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