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1 Introduction
In the last meeting co-location requirements and the MU for them was discussed. It is clear that uncertainty values are need for the co-location reference antenna contribution. It is also clear that the core definition if the co-location reference antenna is not suitable to define a test antenna.

This contribution discusses introducing a “co-location test antenna” definition to the conformance specification which can be used to identify a tolerance antenna which can be used for the conformance testing.

In addition due to the timescale of the conformance work, contributions have concentrated on defining a co-location test antenna which is effectively another BS antenna as is literally described in the core definition. It has been discussed previously and captured in the TR that co-location measurement could be done using a standardized test antenna (i.e. dipole), however it is important that the background work is done to ensure the translation between the measurement(s) using a standardized test antenna (i.e. dipole) are accurate and clearly defined. We believe that long term this is the correct approach but due to the timescales may not be ready in the next 2 meetings, how to accommodate this method is also discussed.

2 Discussion

2.1 2.1 Co-location test antenna 

Currently the co-location reference antenna definition in the conformance specification is the same as the one in the core – as it is the same term then this is correct, the definition is as follows:
4.15
Co-location requirements

Co-location requirements are requirements which are based on assuming the AAS BS is co-located with another BS of the same base station class, they ensure that both co-located systems can operate with minimal degradation to each other. 

Unwanted emission and out of band blocking co-location requirements are optional requirements based on declaration. TX OFF power and Transmitter intermodulation are mandatory requirements and is the form of a co-location requirement as it represents the worst-case scenario of all the interference cases.

The co-location reference antenna, shall be a single column passive antenna which has the same vertical radiating dimension (h), frequency range, polarization, as the composite antenna of AAS BS and nominal 65degrees horizontal half-power beam width suitable for 3-sector deployments at a distance d from the edge of the AAS BS, as shown in Figure 4.15-1.
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Figure 4.15-1 Placement of AAS BS and co-location reference antenna
Edge-to-edge separation d, between the AAS BS and the co-location reference antenna shall be set to 0.1 m.

The alignment of the AAS BS and the co-location reference antenna shall be aligned in a common plane perpendicular to the mechanical bore-sight direction, as shown in figure 4.15-1. 
The co-location reference antenna and the AAS can have different width.  

The vertical radiating regions of the co-location reference antenna and the AAS composite antenna shall be aligned.

For co-location requirements where the frequency range of the signal at the co-location reference antenna is different from the AAS BS, a co-location reference antenna suitable for the frequency stated in the requirement is assumed.

OTA co-location requirements are based on power at the conducted interface of a co-location reference antenna, depending on the requirement this interface is either an input or an output. For AAS BS with dual polarization the co-location reference antenna has two conducted interfaces each representing one polarization. 

Clearly if the antenna used for testing were an exact ‘co-location reference antenna’ then a new test antenna would have to be designed for every AAS tested. This is both undesirable for practical reasons but also somewhat contrary to the intention of the specification as if a new victim antenna is designed for the test it is hard to know if the antenna is typical for a production antenna which is a real victim.

However as some as the test antenna varies for the definition then it is not longer meeting the definition of co-location reference antenna. It is therefore suggested that a ‘co-location test antenna’ is defined where the co-location test antenna is a toleranced version of the co-location reference antenna.

Proposal 1: A co-location test antenna (CLTA) is defined for the conformance testing, where the co-location test antenna (CLTA) is a toleranced version of the co-location reference antenna
2.1.1 Tolerancing

There are a number of defined dimensions which require tolerancing 

The co-location reference antenna, shall be a single column passive antenna which has the same vertical radiating dimension (h), frequency range, polarization, as the composite antenna of AAS BS and nominal 65degrees horizontal half-power beam width suitable for 3-sector deployments at a distance d from the edge of the AAS BS.

The alignment of the AAS BS and the co-location reference antenna shall be aligned in a common plane perpendicular to the mechanical bore-sight direction, as shown in figure 4.15-1. 
The vertical radiating regions of the co-location reference antenna and the AAS composite antenna shall be aligned.

Looking at a range of passive antennas:

	Antenna
	length (mm)
	parameter
	Freq (MHz)

	
	
	
	1695 – 1880
	1850 – 1990
	1920 – 2170
	2300 – 2400
	2500 – 2690

	80010678
	1272
	Gain (dB)
	18.6
	19.2
	19.4
	19.8
	19.6

	
	
	Az BW (deg)
	43 ± 3.1
	39 ± 1.7
	38 ± 1.3
	36 ± 0.7
	33 ± 0.8

	
	
	El BW (deg)
	7.8 ± 0.5
	7.3 ± 0.2
	7.1 ± 0.3
	6.4 ± 0.3
	5.8 ± 0.4

	80010621 (bands not exact)
	1452
	Gain (dB)
	17.6
	18.2
	18.5
	19

	
	
	Az BW (deg)
	68
	63
	59
	58

	
	
	El BW (deg)
	6.7
	6
	5.3
	5

	80010378
	2548
	Gain (dB)
	20.6
	21.1
	21.2
	x
	x

	
	
	Az BW (deg)
	65
	62
	60
	x
	x

	
	
	El BW (deg)
	3.7
	3.5
	3.3
	x
	x


Each of the antenna is slightly different both in performance and in size., the 1st has a narrower azimuth beam width and hence higher gain, antenna 2 and 3 have similar azimuth beam width but due to the different length the elevation beam with (and gain) is different. 
vertical radiating dimension (h)
the vertical radiating dimension for a FR1 (i.e. eAAS) AAS is likely to be very similar to the enclosure size as the antenna will be large. It has been assumed that the maximum vertical dimension of an AAS will be around 10 to 12 λ which is similar to the size of a passive BS antenna. The largest passive antenna found in the same above is 2.55m. It is reasonable to expect than an AAS will not be larger than 2.5m is height, however to avoid the possibility that a passive antenna large enough cannot be found an upper limit of 2.5m could be placed on the CLTA

An AAS  which controls the beam in the vertical dimension will be unlikely to have the same element spacing as a passive BS antenna, hence they are not likely to have the same length, looking a the range of passive antennas it is reasonable to that we differentiate between the ~1.5m antenna s and the ~2.5m antenna  - but it is important that the sizes in between are covered. A simple solution is that the CLTA is within 0.5m is length of the vertical radiating dimension (this is for wide area FR1 only at this stage).

Frequency range

It can be seen that passive antennas have different performance characteristics for different frequency ranges, it is desirable that the same CLTA can be used for multiple frequency ranges if possible. In this case as the antenna is defined for multiple ranges as long as the other parameters are acceptable then it will be usable. 

It is also stated that:

 for co-location requirements where the frequency range of the signal at the co-location reference antenna is different from the AAS BS, a co-location reference antenna suitable for the frequency stated in the requirement is assumed.
Clearly for the antenna shown they meet the definition and are suitable for a number of bands – however if the co-location band were significantly higher then it may not be possible to find a passive antenna which is as large. In such bases it is reasonable to expect that the co-located antenna would have a similar vertical bema width to an equivalent antenna in the same frequency band as the AAS BS. This should be tolerance in the same way as the antenna height. The 2.5m antenna has a VBW of ~3.5deg and the @~5m antenna has a VBW of approx 6.5deg, a tolerance of 3deg is hence reasonable to cover all cases

Polarisation

Passive antennas are defined as cross polarized (+/1 45deg) or single polarisation, this should be easy to match and does not require tolerancing.

nominal 65degrees horizontal half-power beam width suitable for 3-sector deployments

This definition clearly excludes antenna 1, this is probably correct, however antenna 2 and 3are nominally 65deg  with a range from 58 to 68 deg. The 65deg value should therefore be tolerance by +/-10deg.
in a common plane perpendicular the mechanical bore-sight direction

This has been discussed a number of times and is shown n the diagram – the CLTA should be aligned with the front face of the AAS BS.

The vertical radiating regions of the co-location reference antenna and the AAS composite antenna shall be aligned

As the vertical dimension of the CLTA has a range then it will not be exactly aligned with the radiating part of the AAS BS antenna array. For worst case coupling the CLTA centre should be aligned with eth AA BS antenna array centre. Clearly it is the vendors responsibility to ensure that this is done during the conformance testing, the location of the radiating elements inside the AAS BS is not information which should be formally declared.

2.1.2 CLTA definition

Proposal 2: The following definition is proposed for the CLTA
The co-location test antenna is a practical passive antenna based on the definition of the co-location reference antenna which is used for conformance testing of the co-location requirements. 

The CLTA be a single column passive antenna which has a vertical radiating dimension (h) which is equal to the vertical radiating dimension of the AAS BS composite antenna ± 0.5m.

The in-band requirements the CLTA has the same frequency range and polarisation as the AAS BS composite antenna.

For out of band co-location requirements where the frequency range of the signal at the CLTA is different from the AAS BS, the CLTA in the out of band frequency range has the same vertical beam width as the in-band CLTA ±3deg. The ploasrisatin should match the in-band CLTA polarisation
The CLTA has a horizontal half-power beam width of 65deg ±10 deg.

The front faces of the AAS BS and the CLTA shall be aligned in a common plane perpendicular to the mechanical bore-sight direction, as shown in figure 4.15-1. 
The centre of the vertical radiating regions of the CLTA and the AAS composite antenna shall be aligned.
2.2 Standard test antenna (dipole)

As stated in the introduction, it has been captured in the TR that co-location requirements may also be tested with a standardised test antenna such as a dipole, this has a number of advantages

· Test antennas are easily available and easier to specify

· Repeatability between different conformance testing will be greater

· Fewer antennas will be required for conformance

· Test antenna may have gain so near noise floor signals will be easier to measure.

This is captured in the TR as follows:

The core requirement level is translated to a conformance requirement level considering the difference in OTA performance between the co-location reference antenna and the measurement antenna.

It is expected that as the measurement antenna has higher gain in the direction of the DUT than the co-location reference antenna the conformance power level is higher than the core level. This makes measurement more practical as the levels are close to the thermal noise floor.

The translation from the co-location reference antenna to the measurement antenna are FFS.

We believe that in the long term this is the best solution to testing the co-location requirements, however it is clear that the translation between the co-location reference antenna definition and the standardised test antenna will need careful consideration. At this time no method to performance this translation has been agreed by RAN4, however in the urgency to finish the conformance work we should not discount this method. The conformance specification should therefore allow for such a method once the translation shave been agreed.

Proposal 3: The conformance specification should allow for the use of a standard test antenna for co-location requirements.
3 Summary

The difference between the definition of the co-location reference antenna and a practical test antenna has been discussed the following proposals are for approval:
Proposal 1: A co-location test antenna (CLTA) is defined for the conformance testing, where the co-location test antenna (CLTA) is a toleranced version of the co-location reference antenna
Proposal 2: The following definition is proposed for the CLTA
The co-location test antenna is a practical passive antenna based on the definition of the co-location reference antenna which is used for conformance testing of the co-location requirements. 

The CLTA be a single column passive antenna which has a vertical radiating dimension (h) which is equal to the vertical radiating dimension of the AAS BS composite antenna ± 0.5m.

The in-band requirements the CLTA has the same frequency range and polarisation as the AAS BS composite antenna.

For out of band co-location requirements where the frequency range of the signal at the CLTA is different from the AAS BS, the CLTA in the out of band frequency range has the same vertical beam width as the in-band CLTA ±3deg. The polarisation should match the in-band CLTA polarisation
The CLTA has a horizontal half-power beam width of 65deg ±10 deg.

The front faces of the AAS BS and the CLTA shall be aligned in a common plane perpendicular to the mechanical bore-sight direction, as shown in figure 4.15-1. 
The centre of the vertical radiating regions of the CLTA and the AAS composite antenna shall be aligned.
Proposal 3: The conformance specification should allow for the use of a standard test antenna for co-location requirements.
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