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1 Introduction
Based on the co-existence analysis it accepted that unwanted emissions requirements from the transmitter are specified as TRP levels. These levels are related to the conducted emissions levels.
However it is also well known that OTA measurement system have a noise floor and that this places a restriction on how accurately TRP can be measured [1]. Measuring the co-location SEM requirements has also been discussed previously in [2].
This paper further discussed the issue and suggests solutions to the issue.
2 Discussion

2.1 Lowest possible TRP

In [1] various antenna patterns were simulated and the TRP calculated whilst restricting the dynamic range of the beam pattern.
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It can be seen that the narrower the beam then the greater the error so it is not simple to determine an exact figure for the dynamic range of the measurement system, however a dynamic range of approx 30dB is a reasonable estimate. It can also be noted from these results that the error is always positive, i.e. measured TRP is greater to or equal to the actual TRP, tshi makes sense as the restricted dynamic range means the noise floor is raised.

The worst case co-location requirements in the specifications are of the level of -98dBm in 100kHz.

Assuming a measurement receiver with 5dB noise figure (this should be possible with a filter and LNA), that gives a measurement noise floor of -174+10*log10(100kHz)+5 = -119dBm.

To allow for a 30dB dynamic range for the TRP measurement the lowest TRP which could be measured is:


-119dBm – 30 – PL = -89 – PL dBm

It is not clear if it is necessary to measure TRP in the far field, but clearly of this were a restriction, using the far filed assumption for the antenna in the example at 2GHz, with a 15.5dBi measurement antenna:
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Which gives a FSPL of:
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The lowest measurable TRP (in 100kHz) would be approx -89+60-15.5 = -44.5dBm

Even if the measurement is done in the near filed (this is often the case for EMC spurious emissions so should be acceptable for OTA SEM) a distance of at least 2m could be expected, giving
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And a low TRP of  approx  -89+44.5-15.5 = -60dBm.

The error simulation was done on dynamic range and assumes certain beam patterns, which may not be the case for spurious emissions, in addition this analysis has not allowed for additional margin over the measurement equipment noise floor for accurate power reading (this can be assumed to be included in the 30dB dynamic range requirement).

It is clear however that even doing a near filed measurement it is not possible to measure accurately a TRP requirements at -98dBm (in 100kHz).

It is likely that the same issue will apply for some of the higher coexistence requirements in the 3GPP bands.

2.2 Solutions for co-existence requirements

As it is not possible to measure the existing conducted levels as TRP, it is not sensible to set core requirements as TRP and it is necessary to consider other options.

2.2.1 EIRP

The obvious solution is to set the requirements for co-existence as EIRP. As the co-existence requirements were developed by 3GPP to protect other 3GPP bands the derivation of the levels is more well known.

Co-location requirements are based on the assumption that a BS is located with another BS of the same class and that the isolation between then is 30dB.


Victim BS Ref sens = -101.5dBm (in 4.5MHZ)



Aggressor noise = -98dBm (in 100kHz) = -91.5dBm (in 4.5MHz)



Aggressor noise at victim = -91.5 – 30 = -121.5dBm



Resultant victim Ref sens = -101.45dB  a desensitization of only 0.05dB

The situation in this case is different from the co-existence analysis with UE’s. In this case we have defined a fixed (or number of fixed) relationships between a single aggressor and a single victim, and agreed upon a coupling factor between them. There is no statistical averaging to allow for movement or aggressor /victim and no varying propagation conditions. 

In this case it can be seen that EIRP is perhaps a more appropriate metric as well as a more easily measured metric.

EIRP could be measured to the noise floor of the measurement system (the result would not be accurate but would be on the high side) which would enable a level of:


-74.5dBm in the far field


-90dBm at 2m

So even an EIPR measurement does not seem to have a sufficiently low noise floor to be able to measure the co-location power level.

There are 2 reasons for this:
· The FSPL even at 2m is higher than the assumed coupling between BS

· The victim BS desensitization level is 0.05dB, this makes the specification on the BS much lower than the accurate measurement capability of the measurement equipment, i.e. we assume a BS can be affected by a signal at -121.5dBm but we cannot measure such a signal.
There are a number of things which could be done to investigate if the situation could be improved.

· The measurement distance could be smaller and/or the measurement antenna gain could be increased (the measurement distance should not be reduced to less than the FF distance of the measurement antenna however). Reducing measurement distance to 0.5m would be enough to allow measurement of -102dBm (at 2GHz).
· Increase the sensitivity of the measurement equipment, i.e. if a BS can detect a signal of -121.5dBm interfering with it then measurement equipment should be capable?

2.2.2 Proximity to reference antenna
Even measuring the TRP, the assumption that 2 BS couple with each other at a level of -30dB is imbedded in the requirement.

As the requirement is to become OTA then it is possible to include this assumption as part of the requirement rather than use it to calculate the interference level.

If it is assumed that co-located BS interfere with other BS of the same time it is possible to define a ‘reference’ antenna which could be used as a measurement antenna to capture the BS coupling. A reasonable choice of antenna would be a 3 sector passive BS antenna.
This antenna could be place in proximity to the AAS BS based on agreed set of deployment scenarios such as those originally used to derive the 30dB coupling figure
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V (Vertical)

 Figure 1. Scenarios used to find the 30dB coupling factor
The measurement equipment would then be tasked with detecting a noise floor rise similar to that which is assumed at the BS. 
A 0.05dB noise floor rise however is a very challenging parameter to measure, an alternative solution could be to set up a victim BS link and monitor the throughput at min EIS. When the aggressor is turned on the throughput is monitored for any changes. This would require some specification of what was acceptable.

The disadvantage in this is of course that the testing requires an addition BS system and OTA link. Also reference antennas (and possible BS receivers if throughput is used) for a number of different frequency bands are required.
3 Summary
It has simply been shown that it is not possible to measure the existing co-location requirements OTA using TRP, and hence they cannot be specified with a core requirement as TRP. 

Other methods of specifying co-location performance have been briefly investigated including:

· Measuring EIRP in the near field
· Monitoring the effect on a reference system when placed in proximity to the AAS BS.
If EIRP can be measured in the near field then this is the simplest solution to the issue.
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