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1 Introduction
In [1] the dynamic range and its effect on accuracy of the OTA measurement system was discussed. It is clear that due to the loss in the chamber that it becomes increasingly difficult to accurately measure low level emissions from the AAS BS.
The lowest level emissions from the BS are those protecting co-located receivers; with a requirement level of -96 to 98dB m (for wide area) this could prove very challenging for an OTA measurement. The requirements other than those for self interference (the aggressors own receiver) are not mandatory and are based on deployment scenarios, however it is reasonable to expect that AAS systems which replace existing BS which are compliant to these requirements would be expected to provide the same level of protection.

This paper discusses this requirement.

2 Discussion

The co-location requirements are based on the assumption that the noise in the receive band output from an aggressor BS will directly enter and deafen a collocated victim BS.
2.1 Derivation of the existing requirement.

Isolation
TR 25.942 explains the derivation of the scenario used to set this requirement. It is assumed the antennas are far enough apart so the standard FSPL equation is used with the assumption that 65° sector antennas with 14dBi gain are used with a separation of 10m at 35° from each other. Note the far field criteria is only met if the antenna is <0.9m:
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 where R=10m, λ=c/3GHz, Gain = 2*(14-3)=22dB (i.e. 2 antennas at 3dB point of their main beam)
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A value of 30dB is isolation between BS is hence assumed.

Power at victim
The acceptable power at the victim is based on the aggressor causing little degradation in the victim receiver sensitivity

Assuming the victim is a E-UTRA BS its sensitivity is based on the following:
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What is an acceptable level of degradation under co-location conditions is not clear in [2], however 0.5dB seems a reasonable assumption. So Pco-locacted = -101dBm
Hence an allowable level of interference is
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 in 4.5MHz
The receiver noise requirement is specified in 100kHz so the acceptable interferer level is:
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Power at aggressor

Using the isolation and victim acceptable power limits gives the requirement at the aggressor
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The requirement in the specification is -96dB, the difference could be accounted for by assuming 0.6dB degradation in the victim receiver performance rather than 0.5dB.

OTA requirement

Based on the way this value has been derived it is simple to extract the aggressor antenna gain and come up with an equivalent OTA value



[image: image7.wmf]dBm

dBi

dBm

P

OTA

Rx

85

11

96

_

=

+

-

=


2.2 OTA measurement
The problem with measuring this requirement is that it is so close to the noise floor.

In 100kHz the thermal noise floor is -124dBm
A spectrum analyzer with a preamp on has a noise floor of approx -160dBm/Hz or -110dBm in 100kHz.

This could perhaps be improved with an external LNA for measurements in limited frequency ranges but is a suitable number for the purposes of the discussion.

When measuring a conducted output power of -96dBm a noise floor of -110dBm is sufficient (0.17dB noise contribution).

However when this is translated to a OTA measurement it becomes more difficult to implement.
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Figure 1. Far field chamber

The simplest example is a far field chamber, 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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Once again we need to make an assumption on the measurement antenna gain, a 2GHz SGH has a gain for approx 15.5dBi (ref SGH-170 A).
So the received power level would be:
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This is 20dB lower than the noise floor of the measurement equipment and ~5dB lower than thermal noise.

2.3 Paradox

It seems we have a requirement which it is not possible to measure, however it should be considered:

· The requirement is based on the assumption that the BS under test (aggressor) will negatively affect the performance of a co-located BS (victim).

· Having a negative effect on a victim BS is an effect, this effect must be measurable.

· The effect is by definition an OTA effect.

· The requirement therefore must be possible to measure. Hence the paradox

There are a number of key figures which result in the measurable noise level being impossible to measure:
· The separation between the BS in the calculation of interference level is only far field for a small antenna, not for the AAS antenna – hence eth required distance (and associated FSPL)  in a FF range is greater than that assumed for the requirement calculation.

·  The test system noise floor is higher than the assumed noise floor of the victim BS.
· The level of interference deemed acceptable at the victim BS is 9dB below the victim BS noise floor.

2.4 Reinvestigating the interference scenarios
Some of the conclusions made in [2] are based on results presented in [3]. The results presented in [3] are far more varied than the case highlighted in [2], however the worst case which is used to back up the final figure is somewhat different.

A number of antenna configurations were considered in [3]









I (90°)
II (120°)
III (180°)
IV (Horizontal)
V (Vertical)

Figure 2.
The different configurations used during the measurements. d denotes the displacement.

For the angular configurations d is swept between 0 and approx 1.5m, for the physical separations it is swept up to 6m

One interesting point is that the configuration in [2] uses a angle of 35° and a distance of 10m. 

Reexamining this scenario, it seems that perhaps it is a bit contrived:
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Figure 3. Scenario described for antenna to antenna isolation in [2]
The distance is quite large compared to how many antennas are co-located (on towers etc), and the antennas are facing towards each other, where as co-located antennas are usually facing outwards more like the examples used in [3] and Figure 3
Whilst the figure of 30dB isolation is well established and has been found an acceptable assumption for deriving the Rx band noise requirements, the described scenario should perhaps not be accepted so readily.
When looking at the perhaps more appropriate scenarios shown in [3] for separate antennas (i.e. Not cross polarised isolation within the same antenna) the only result which demonstrates a 30dB isolation is horizontal separation of antennas.
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Figure 4.  Results from measurements of the isolation between vertically polarised antennas (A-C) mounted in configuration IV Horizontal separation).

It can be seen that the separation distance is much smaller than that assumed in the calculation in [2], showing that this is most definitely a near field effect.

2.5 OTA measurement
If we take the scenario described in Figure 4 as the ‘worst case’ scenario for co-location then it is possible to derive a test that is not based on an impossible power level but more closely mimics the actual scenario we are trying to protect against.

As we are doing the measurement OTA then it is possible to place a representative ‘victim’ antenna next to the AAS BS under test. As reasonable distance could be agreed based on expected deployment scenarios but it would seem from the work done in [3] that 2m would be a good starting point.

2.5.1 Measurement

The test would then be to see if the signal received at the test antenna is greater than the acceptable level. This was calculated above at -127.2dBm (100kHz).

As has been previously stated this level is below the noise floor and hence almost impossible to measure with a spectrum analyzer.
However once again we must consider if this level is high enough to interfere with the reception of a BTS then it must have measurable effect.

The BTS is a receiver with a noise figure of 5dB. As spectrum analyzer (based on Noise floor assumption above i.e. 160dBm/Hz) is a receiver with a noise figure of 14dB.

The BS is being desensitized by as it is experiencing a rise in the noise floor of 0.5dB.

Hence a measurement receiver with a noise figures of <5dB and the ability to measure a noise rise of 0.5dB should be sufficient to identify if the requirement is passed. 

This should be possible to implement with a filter (to remove the BS transmitter wanted signal) and an LNA in front of a spectrum analyzer.
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Figure 5. Example of measurement of Rx band noise
3 Summary
This paper has investigated the co-location requirements for protecting receiver bands. These requirements are at a very low level and pose particular problems when attempting to measure OTA.
2 main points have been highlighted:
· The far field assumptions and scenarios described in 25.942 [2] are almost impossible to replicated and test in a far field chamber. A more testable approach would be to base the requirement on a scenario where a test antenna is placed close to the DUT in the near field.

· The power level required is still below the noise floor, however if the same effect that causes desensitization in the victim BS (i.e. a rise in the noise floor of a system with a 5dB noise figure or 0.5dB) is used it is possible to define testable pass/fail criteria for the requirement. 
Hence while it is difficult, it is possible to implement an OTA Rx band noise requirement and test which offers the same level as the existing conducted requirement.
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