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1 Introduction
In the last meeting the way forward on co-location [1] was approved. In it there were a number of agreements to be captured in the TR [2] and some open issues.
This paper discusses the open issues specifically the open core issues:

Proposal 3: The value of d is FFS, companies are encouraged to submit proposals for d so a single figure can be agreed next meeting

Proposal 5: The definition of the collocation reference antenna is FFS. Companies are encouraged to submit proposed definitions to enable an agreement in the next meeting.

2 Discussion

2.1 Value of d.

The following has been agreed in [1]
Proposal 1: co-location requirements are based on the so called proximity method which is based on the co-location scenarios.

Proposal 2: d is defined between the edges of the AAS BS enclosure and the co-located antenna enclosure.

The value of d is FFS

The current co-location requirements all assume an isolation of 30dB between the antenna connectors of 2 co-located systems. The value of 30dB was agreed based on the measured isolation of BS antenna’s. This is documented in [3]. Specifically the 30dB result was taken as a worst case of 2 antennas placed side by side as shown in scenario IV
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Figure 1. co-location scenarios
The 30dB figure comes from the worst case scenario which is the horizontal separation (IV), results from [3] for this are:
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Figure 2. co-location results for configuration IV 
The separation used in [3] is between antennas centres, the 30dB comes from the worst case result when the antenna centres are 25cm apart.

For AAS antennas the width is unknown (and may be considerably wider than a passive single column antenna) so the distance between them is defined between the edges rather than the centre’s. The single column antennas of the type used in [3] are typically 15cm in width so the distance between the 30dB case above is approx 10cm.
Clearly the value of d is implementation dependent, due to tower crowding there is a clear need to place antennas as close as possible to each other, however it is also clear that for technical reasons there must be some form of minimum separation between them. 10cm seems like a reasonable compromise and is consistent with the existing non-AAS assumptions.
2.2 Definition of the BS reference antenna.

For the core requirement the co-located antenna can have a general description based on a co-located BS antenna. For conformance this description can be translated into a test involving a standard reference/test antenna.
Worse case coupling occurs when antennas are placed next to each other with their longest edges adjacent. Clearly the radiating faces of the antennas never face each other as this would interfere with the correct operation of the antenna. 

The cases examined in [3] give a good set of cases to examine:
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Figure 3. co-location scenarios
The definition of the co-location reference antenna for the core requirement should incorporate all the cases in figure 3, however as it is know the worst case is configuration IV it will not be necessary to define tests for all configurations in the conformance specification.

Further as the AAS may be larger than a passive antenna, specifically in width, the definition should take this into account.

 The non-AAS scenario was constructed using 2 single column antennas, however the AAS may have multiple columns, by specifying d as the distance between the edges of the antennas however this is taken into account.
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Figure 4. co-location of single column aggressor and AAS victim
In the example given in figure 4 the coupling between the aggressor and subsequent columns of the victim AAS is increased (by 20dB in the example). So the total power coupled to the victim is greater. It is impossible to place the aggressor closer to the middle columns of the victim so this is a reasonable requirement.

If the aggressor is also an AAS then the following occurs
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Figure 5. co-location of AAS aggressor and AAS victim
Note the total power of the aggressor is the same in both cases, the number of elements does not change the total power, in all cases the aggressor is the same total power as the victim.

It can be seen that as each column of the aggressor has both lower power (per column, total is the same) and the coupling increases with distance, the total coupled power to each column of the victim is less than the case where the interferer is a single column. 

Hence it is acceptable to define the co-located antenna as a single column as this is worst case.

In the same way it is important that the co-located antenna is the same size as the victim along the dimension which they are aligned.
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Figure 6. co-location of single element and AAS victim
The scenario in figure 6 is better for a conformance requirement, and the exact effect of the difference in the coupling factors C1 and C2 is not known. However for the purposes of the core requirement, it is important the definition assumes the antennas are of the same height.

Once again this is reasonable as the basic assumption for co-location is that the 2 co-located systems are serving the same purpose, hence the will be of similar output power and beam width etc. Hence it would be expected that the co-located antennas would have similar vertical beam widths and hence be of a similar height.

For this purpose the definition given in [1] seems to capture the restrictions above.
Co-location reference antenna: A passive antenna which has similar characteristics to the composite antenna of AAS BS and is intended for the same deployment scenarios as the AAS BS. The largest dimension perpendicular to the d should be the same length as the corresponding dimension on the AAS BS.

For example for scenario IV:
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The dimension h (perpendicular to d) is the same for the reference antenna and the AAS BS, w1 and w2 do not need to be the same.

One aspect this definition does not cover is how the antenna is places with respect to the AAS BS (the DUT). As discussed the co-located antenna is not intended to be placed in the intended radiation direction. 
For a planar array this could be described by stating the reference antennas is placed in a direction perpendicular to the reference radiation direction. 

For an omni directional system however this may not be sufficient. However very little work has been done on conformal arrays, it may be sufficient to describe a planar array and deal with other systems with an additional declaration of restrictions on co-location.

A modified definition is hence:

Co-location reference antenna: A passive antenna which has similar characteristics to the composite antenna of AAS BS and is intended for the same deployment scenarios as the AAS BS and is located at a distance d from the AAS BS whose intended direction of radiation is not pointing at the AAS BS and is placed at an angle ≥90° from that direction, the largest dimension perpendicular to the d should be the same as the corresponding dimension on the AAS BS.

Note for conformal arrays or AAA BS with multiple intended directions of radiation restrictions on co-location may be declared.

This definition is quite long, however drafting rules state that definitions must be a single sentence.  An alternative would be to use multiple notes.

Co-location reference antenna: A passive antenna which has similar characteristics to the composite antenna of AAS BS and is intended for the same deployment scenarios as the AAS BS at a distance d from the AAS BS, the largest dimension perpendicular to the d should be the same as the corresponding dimension on the AAS BS.

NOTE 1:
The reference antenna is placed at an angle ≥90° from the intended direction of radiation of the AAS BS. 

NOTE 2:
The intended direction of radiation of the reference antenna must point away from the AAS BS.
NOTE 3:
Conformal arrays or AAA BS with multiple intended directions of radiation restrictions on co-location may be declared.

3 Summary
The following proposals are made for the open issues in defining the co-location reference antenna
1) d is 10cm

2) the co-location reference antenna definition is as follows:

Co-location reference antenna: A passive antenna which has similar characteristics to the composite antenna of AAS BS and is intended for the same deployment scenarios as the AAS BS at a distance d from the AAS BS, the largest dimension perpendicular to the d should be the same as the corresponding dimension on the AAS BS.

NOTE 1:
The reference antenna is placed at an angle ≥90° from the intended direction of radiation of the AAS BS. 

NOTE 2:
The intended direction of radiation of the reference antenna must point away from the AAS BS.

NOTE 3:
Conformal arrays or AAA BS with multiple intended directions of radiation restrictions on co-location may be declared.
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� REF _Ref481669334 \r \h ��[3]�Fig. 5: Results from measurements�of the isolation between vertically �polarised antennas (A-C) mounted in configuration IV (Horizontal separation).�
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� REF _Ref481669334 \r \h ��[3]� Fig. 10: Results from measurements�of the isolation between dual polarised antennas (D) mounted in configuration IV (Horizontal separation).





d





d





d





d





d





d





120°





d





d





d








