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1 Introduction
It has been agreed that TRP will be used for the out of band unwanted emission requirement metric. However the co-existence and co-location requirements have been excluded from this agreement up to this point as the low level of the requirement means that a meaningful TRP measurement is not possible. Also as these requirements are related to interference between 3GPP systems we have more information available about their derivation.

This paper further discusses the co-location requirements.
2 Discussion

2.1 Practicality of TRP

When discussing measurement accuracy it is useful to have some estimates as to what is possible or not. A practical example based on a typical AAS is investigated here.

The most common way of carrying out a TRP measurement (excluding a reverb chamber) is to make a number of discreet EIRP measurements around the sphere and add them together.
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where EIRP is the filtered mean power within the desired bandwidth.

In [1] the effect of dynamic range on TRP measurement accuracy was investigated:
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Figure 1. Accuracy of TRP with limited test system dynamic range

It can be seen that the narrower the beam the worse the error. For spurious emission we can perhaps assume the element pattern is the most likely bema pattern (as coherent beam forming of spurious signals is not likely) however even with this to get a reasonable accuracy a dynamic range of >15dB is required.

Using some simple assumptions:
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Figure 2. Far field OTA test system

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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The gain of a measurement horn is approx 15.5dBi

Assuming with cabling, notch filter an a pre-amp a measurement noise floor of -155dBm/Hz is a reasonable target.
The measurement noise floor is:


Measurement Noise floor + PL - Ghorn = -155 +60.15 -15.5 = -110.35 dBm/Hz

The co-location requirements are specified in 100kHz, so the measurement threshold in 100kHz is -60.35dBm.

So the EIRP noise floor (in 100kHz) is approx -60dBm.

TRP can hence be measured accurately to approx -45dBm.

2.2 Co-location

The co-location requirements are described in TS 36.104 as follows:

These requirements may be applied for the protection of other BS receivers when GSM900, DCS1800, PCS1900, GSM850, CDMA850, UTRA FDD, UTRA TDD and/or E-UTRA BS are co-located with an E-UTRA BS.

The requirements assume a 30 dB coupling loss between transmitter and receiver and are based on co-location with base stations of the same class.
For a wide area BS they measurement BS is 100kHz and the requirement is either -98dBm or -96dBm depending on the band.

From the measurement example given in section 2.1 it can clearly be seen.

· A TRP measurement cannot be made at this level

· A Far field EIRP cannot be made at this level.

However from the description of the requirement, the coupling between co-located systems is assumed to be 30dB, this is clearly not in the far field. 

The figure -98dBm/100kHz is calculated to prevent desensitisation of an adjacent system. 

Adjacent system is assumed to be of the same class as the aggressor, so for a wise area is assumed to have a NF of 5dB

Hence noise floor = -174 + 50 +5 = -119dBm/100kHz

And interferer of -98dB with 30dB coupling is -128dBm/100kHz

The sum of the two is -118.5dBm/100kHz as 0.5dB desensitisation.

The coupling figure of 30dB for co-located systems has been used for many years and is based on measurement data of co-located antennas, this can be seen in [2].

The scenarios are shown in [2] are as follows:










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

Figure 3.
The different configurations used during the measurements. d denotes the displacement

In the paper [2], d was swept to find the worst case coupling, this occurred as expected when d was minimum. 

In these scenarios it can be noted:

· Worst case d the antennas are nearly touching, so coupling is most definitely not in far field

· that the antennas are never facing each other

· The antennas are at fixed directions from each other so EIRP is a more appropriate metric

The requirement is created to ensure that 2 co-located BS (in the arrangements shown in figure 3) do not desensitise each other.

The signal which can cause desensitisation is -128dBm.

This is below the noise floor of the measurement equipment we have assumed (-155dBm/Hz = -105dBm/100Hz). 

However the scenarios described use the isolation between 2 identical systems.  Using example IV from figure 3
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Figure 4. Expansion of Coupling scenario IV

In a the scenario there is an aggressor (BS under test) and a victim, the isolation between then is 30dB, however  as they are the identical an practically touching  we can assume they provide half the isolation each i.e. 15dB. 

As it is assumed the victim is providing half the isolation the power level we need to measure from the aggressor is only -113dBm (-98dBm – 15dB).

As the test antenna/probe is in the far filed it is difficult to estimate if it has gain? But if so then this will also help to increase the signal levels and make the measurement easier. 
However even without test antenna gain this is a measurable value using the noise floor of the system assumed in section 2.1.  

3 Summary
The approximate TRP measurement performance of a far field range has been given as an example so the scale of the problem in measuring co-location requirements can be seen. The very low power level of the co-location requirements makes there measurement OTA very difficult and TRP almost impossible. 

The co-location requirements have been investigated in the context of the co-location scenarios which generated them. Baed on the original scenarios and the concept of an aggressor BS desensitizing a victim BS, a quantifiable OTA requirement has been extracted which involves placing a test probe/antenna in proximity to the aggressor BS.
The fact the antenna has gain rater than isolation (as is expected from a victim BS) and that it is placed close to the BS so the PL is part of the isolation assumption means that the power level measured is reasonable and a requirement which offers the same protection as the existing conducted requirement can be derived.
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