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1. Introduction

During the last series of RAN4 meetings a concept for handling base station-to-base station co-location requirements was discussed. At the last RAN4 meeting (RAN4#84 in Berlin), it was agreed that the base stations separated horizontally is the worst-case co-location scenario for Wide Area AAS base stations. 

In this contribution, the details of the concept are collected together with some further considerations to consider before specification drafting. 
2. Discussion

The worst-case co-location scenario for classical Wide Area BS [1] is represented by the Horizontal Case IV, visualized in Figure 1, see [4] and [5].
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Figure 2-1: Co-location scenario for Wide Area BS.
This contribution discusses some items related to the agreed way-forward from the last meeting, see [1]. The intention with this contribution is to further enhance the co-location concept and discuss possible enhancements.

The impacted requirements using the co-location concept are:

1. Transmitter Intermodulation (Co-location Tx IM)

2. Receiver Out-of-band blocking (Co-location Blocking) 

3. Unwanted Emission (Co-location Spurious Emission)

4. Transmitter OFF power (TDD only)

2.1
Agreements from Way-forward
In the last RAN4 #84 meeting, a way forward on co-location was approved, see [1]. It was agreed that:

1) The edge-to-edge separation, d to be set to [10 cm], under the condition that antenna apertures are location in the same plane, as described in Figure 2.1-1.

2) The co-location reference antenna is defined as:

Co-location reference antenna: A single column passive antenna which has the same vertical radiating dimension (h), frequency range, polarization, and coverage area as the composite antenna of AAS at a distance (d) from the edge of the AAS BS.

Note 1: h and d are described in the Figure 2.1-1.
Note 2: The co-location reference antenna and the AAS do not have to be the same width.  
Note 3: The vertical radiating regions of the co-location reference antenna and the AAS composite antenna are aligned.
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Figure 2.1-1: Co-location concept principle
2.2
Considerations
The current co-location requirements all assume an isolation of 30dB between the antenna connectors of two co-located systems, see reference [3]. It is also assumed that the lowest antenna element coupling of the AAS BS towards co-location reference antenna will occur in AAS BS column adjacent to the co-location reference antenna.

From the co-location concept way-forward agreement, the following items for consideration have been identified.
2.2.1
Antenna aperture alignment
The alignment between AAS BS and co-location reference antenna in boresight (y/z-plane) is not obvious in Figure 2.1-1. AAS BS and co-location reference antenna could have different depths and therefore the antenna elements in y/z-plane might not be aligned. It is assumed that the vertical radiated dimension of both AAS BS and co-location reference antenna is specified as in Figure 2.1-1. One way forward could be to align the antenna aperture fronts within the y/z-plane, see Figure 2.2.1-1. The justification is that antennas tends to be more similar than radio, since the mechanical encapsulation tends to be very different compare to e.g. cooling capacity.
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Figure 2.2.1-1: Antenna placement, front and top view.
It is reasonable to believe that the physical dimensions of the array antenna between two different systems are more similar than then physical dimension of the radio electronics. Therefore, it is suggested to align the antenna aperture fronts in the y/z-plane, as showed in Figure 2.2.1-1.

2.2.2
Radiating characteristics
As agreed in the last meeting, the co-location reference antenna shall have the same coverage area as an AAS BS. 
Example of a typical AAS BS broadcast beam could be G(θ=0°,Φ= 0°) ~ 18dBi (boresight direction) and G(θ=0°,Φ= 90°) ~ -5 dBi. 

One way forward might be to specify the co-location reference antenna with similar gain characteristics as the typical AAS BS antenna mentioned above. It is also proposed that co-location reference antenna has the same vertical radiating dimension (h), frequency range, polarization as a typical AAS BS antenna.

This means that the co-location reference antenna characteristics can’t be defined. The characteristics must be selected to fit the AAS base station in mind. Further, details are required to describe what parameters except the vertical radiating dimension should be considered when a co-location reference antenna is selected. 


2.2.3
Co-location isolation
The very low power levels limits part of co-location spurious emission requirement needs further considerations from a practical testing perspective. Applying the co-location concept for co-location spurious emission results in very low emission levels to be detected. The limits would be in the range of ~ -126dBm/100kHz at the co-location reference antenna port. The level is from a practical testing perspective not feasible. 

RAN4 needs to consider the justification to specify an emission level that can’t be measured. More detailed information about unwanted emission (co-location spurious emission) is captured in [8].

2.2.4
TX IMD interferer and co-location emission
To transmit the transmitter intermodulation interferer from the co-location reference antenna and simultaneously measure unwanted emission at the co-location reference antenna is difficult. The co-location reference antenna in this case will be bused to inject the interfering signal, at the same time be used to receive the emission from the test object.  

One way forward might be to remove co-location spurious emission requirement in the presence of transmitter intermodulation interferer signal. 

Observation:

For the transmitter intermodulation requirement, exclude co-location spurious emission from general spurious emission requirement solves the issue with the co-location reference antenna.

In addition, one proposal might be to measure in-band unwanted emission (ACLR, OBUE and general spurious emission) in the presence of the transmitter intermodulation interferer from the co-location reference antenna at another range antenna (not at co-location reference antenna), where the TRP is measured in the near-field region based on power density. 
More detailed information about the transmitter intermodulation requirement is captured in [6].

2.2.5
TDD OFF power
The co-location concept is primarily intended for co-location of two AAS BSs mounted in the same mast. Since TDD OFF power might only affect co-location scenarios between AAS BSs mounted in different masts, it is important to describe that the background to include the requirement in the group of co-location requirements is based on testing aspects. 

More detailed information about the TDD OFF power requirement is captured in [10].

2.2.6
Antenna separation

If a fixed edge-to-edge separation between the AAS BS and co-location reference antenna with characteristics as described in Figure 2.2.6-1 is chosen, the resulting transmitter intermodulation interferer signal level at the worst TAB of the AAS BS might deviate too much from the intended transmitter intermodulation interferer signal power (Prated,t, TRP  -30dB), see example in Figure 2.2.6-1.
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Figure 2.2.6-1: Transmitter intermodulation interferer at worst case antenna connector
In the illustrated example in Figure 2.2.6-1, with fixed distance d=0.1m, the intended transmitter intermodulation interferer signal injected at the worst antenna connector of the AAS BS might be difficult to predict due to the following: 

· Frequency of product (0.45 - 6 GHz)

· Far-field vs. Near field considerations

· AAS BS characteristics 

· Co-locate reference antenna characteristics

In addition to this, there will be several contributions from all co-location reference antenna elements radiating into the worst AAS BS antenna element. This means that the resulting interferer level at AAS BS worst case antenna element might vary too much dependent on the circumstances.

Applying Friis free-space path-loss formula (defined in the far-field region) between co-location antenna element to AAS BS antenna element for d=0.1m, significant difference in free-space path-loss (~22dB) will be obtained for frequency bands within 0.45 - 6 GHz. However, first deployment of AAS BSs might be limited to frequency range between 1.5 - 6 GHz due to site restrictions, with a free-space path-loss difference of ~12dB. 

The antenna port-to-port isolation between one AAS BS and one co-location reference antenna, both antenna elements having -5dBi gain at 90° azimuth angle, is illustrated in Figure 2.2.6-2.
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Figure 2.2.6-2: Antenna port-to-port isolation
Since only the antenna port-to port isolation, visualized in Figure 2.2.6-2, might differ > 10dB depending on the frequency band, then one way forward could be to find new methods to determine the actual interferer levels at the worst transceiver branch of the AAS BS. This might then also enable new opportunities e.g. variable system isolation and distance (d). 

2.2.7
Receiver out-of-band blocking

For receiver, out-of-band blocking the co-location concept is used to inject the blocking interfering signal. More detailed information about the receiver blocking requirement is captured in [7].

3. Conclusion

In this contribution, the co-location concept is summarized, also some new aspects to consider have been presented. 

The contribution does not present solution for all issues, the intention is to before specification drafting fully understand the impact when the co-location concept is applied to all relevant requirements. 
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