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1 Introduction
There have a been a number of discussion documents [1], [2], which have indicated that the ACLR requirement should be done as a TRP requirement (rather than a EIRP in the main beam).
However, a OTA measurement does not necessarily have the dynamic range of a conducted measurement, in addition the EIRP in each direction is not the same, in many directions noise rather than adjacent channel power may be measured, this will effect the accuracy of the measurement and hence may impact on the way the requirement is derived.

This document investigates the effect of dynamic range of the measurement equipment on the directivity (and hence the TRP accuracy) of an array.

2 Discussion

The directivity is a ratio of the power in an intended direction divided by the total power over the sphere:
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If the dynamic range of the measurement system is limited and a significant part of noise is measured then PTOT will be higher due to the measurement system and hence directivity will be lower. 

Note. In this paper the effect on directivity will be examined, as it is an available comparable output from the antenna pattern calculations, the error however is exactly the same as the error in PTOT which is perhaps more applicable when considering TRP., so the findings are applicable to TRP requirements.
An example of limiting the dynamic range to 30dB is:
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Figure 1. Elevation antenna pattern ideal and with 30dB dynamic range limitation
The effect of this limiting on dynamic range can be seen as an error in the directivity.
The perfect pattern has a directivity of 19.74dBi, however the dynamic range limited version has a directivity of 19.46dBi, i.e.  a 0.28dB error introduced.

If the dynamic range is swept then we can see
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Figure 2. Effect of dynamic range on directivity 

The effect on the accuracy of the dynamic range varies with the directivity of the beam, the narrower the beam the greater the effect.
2.1 Far field example
For a 2GHz 10 element antenna of the type used in the AAS examples the min distance far field is:
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Which gives a FSPL of:
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Assuming measurement equipment that can measure down to -100dBm with a 20dB margins for accuracy we have a min power level for the measurement of -80dBm. 

With the FSPL of a FF system that’s a power level at the antenna of approx  -20dBm.
A BS with 20W radiated output power (i.e. after implementation losses, cabling, radiation efficiency etc)   and 19.7dBi antenna directivity (as used above) has EIRP of 62.7dBm

And hence would have a measurement dynamic range of 62.7 – (-20) = 82.7dB.

As expected this is more than enough for an accurate measurement.

2.2 ACLR example
The ACLR is already 45dB lower than the wanted signal, the correlation level and hence the beam pattern of the adjacent channel signal is unknown – but it is assumed it is uncorrelated and hence radiates an approximation of the element pattern.

Using the same values as the example above for ACLR a dynamic range of 


Max EIRP = 43dBm – 45dBc + 9.7dBi = 7.7dBm

Resulting in a dynamic range of 7.7-(-20) = 27.7dB

From the results for the element pattern in Figure 2, this would result in an error of approx 3.2dB.

Of course in the example given a margin was given over the noise floor of the measurement equipment already, so in this case it could be argued that there is no problem (an additional 20dB DR would result in little or no error). However some margin may be required for filtering the wanted signal etc. so the example is not so pessimistic.
It can also be noted that the output power (and hence the adjacent channel power) of the BS was quite high meaning a greater margin over the noise floor. For lower power BS the adjacent channel power will be lower and hence the effect of the dynamic range on the measured power will be greater (this may be somewhat offset by lower FSPL as the antenna may be smaller and hence far field not so distant).
2.3 Other spurious emission requirements

The adjacent channel requirement is generally one of the higher spurious emission power levels. In the case above the total adjacent channel power used was -2dBm.

There are many other in band and out of band spurious emission requirements which are at significantly lower levels, for example:


ACLR absolute limit = -13dBm (wide area CAT A), -15dBm (wide area CAT B)


Operating band unwanted emissions = -13dBm (wide area CAT A),  -15dBm (wide area CAT B)


Spurious emissions = -13dBm (CAT A),  -30dBm (CAT B)


Protection of BS receiver = -98dBm

etc

It must be considered that when using a OTA measurement to estimate the TRP of any radiated signal the dynamic range of the system must be >30dB greater than signal being measured in order to ensure the calculation of TRP is not made in error.
Bearing in mind the limitations of path loss and the measurement equipment noise floor, it would be hoped that the in band ACLR and operating band UEM could be measured, however seems unlikely that it could be used for requirements at lower levels.

3 Summary
A simple calculation was carried out on various antenna patterns to see the effect on the accuracy of measuring directivity (and hence TRP) with a limited dynamic range.
Results show that reducing the dynamic range of the measured antenna pattern below ~30dB gives significant error, and that the level of this error is dependent on the antenna pattern.

A simple calculation of a far field system shows that whilst the error due to dynamic range is not a problem for the wanted signal, it can start to influence the result when measuring smaller power level signals such as the adjacent channel.
The examples in this paper are not intended to provide a definitive set levels or performance characteristics for the measurement equipment – but to highlight that when considering the setting of requirements of spurious signals we must be careful when arguing for TRP that it is possible to measure accurately.
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