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1. Introduction

At the last RAN4 meeting (RAN4#84bis in Dubrovnik) details related to the co-location concept developed in eAAS WI was agreed. The goal for this meeting is to finalize details of the RF core for eAAS, including OTA co-location requirements. The co-location requirements build on the introduction of a co-location reference antenna and an associated specified co-location scenario. 

In this contribution we elaborate around the possibility to re-use the co-location reference antenna concept for NR.
2. Discussion

Defining requirement in the OTA domain for base station-to-base station co-location a new concept was required. The solution was to set a scenario together with details on how a victim and aggressor base station is co-located in the same mast, as showed in Figure 2-1. 
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Figure 2-1: Co-location scenario for Wide Area BS
The result was the co-location concept.

2.1 eAAS co-location concept

For eAAS the following requirements are relying on the co-location reference antenna:

1. OTA co-location spurious emission

The requirement is anchored at the co-location reference antenna output ports.

The requirement level is derived as: 
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, where N=8 for E-UTRA.
2. OTA co-location receiver blocking
The requirement states that OTA sensitivity shall be kept under the condition of an injected interfering signal. The interfering signal is referred to the input of the co-location reference antenna. 

3. OTA transmitter intermodulation 
The requirement states that the emission shall be maintained under the condition of an injected interfering signal. The interfering signal is injected via the co-location reference antenna. The interfering signal at the input at the co-location reference antenna is declared Pradted, TRP
4. OTA TDD OFF power (The back ground for this requirement is wider, but from testing perspective is decided to include this requirement in this group).

The requirement is anchored at the co-location reference antenna output port. The requirement level is derived as: 
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, where N=8 for E-UTRA.
In eAAS, RF core requirements designed for base stations operation within the frequency range of 450 MHz to 3.8 GHz. The frequency aspect needs some consideration in adopting this concept for NR, where the frequency range is extended for FR1 and FR2.
The orientation of the co-location reference antenna with respect to the AAS base station is defined in Figure 2.1-1.
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Figure 2.1-1: Description of the co-location reference antenna
For base station to base station co-location OTA RF core requirements a co-location reference antenna is used as anchor point for requirements. Requirement power levels are referred to the input/output ports at the co-location reference antenna.

The co-location refence antenna shall be constituted of a single column passive antenna which has the same vertical radiating dimension (h), frequency range, polarization, and coverage area the composite antenna of AAS at a distance (d) from the edge of the AAS BS, as described in Figure 2.1-1.

The 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. 

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

For 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 tuned to the frequency stated in the requirement shall be used.

The cell coverage area for the co-location reference antenna shall be aligned with the coverage cell coverage are of the AAS BS.
2.2 Aspects related to NR FR1
For NR base station operating at FR1 frequencies, it is reasonable to re-use the co-location concept from eAAS. The concept includes how requirement levels are derived together with the description of the co-location reference antenna. 
The following open issues with relation to FR1 have been identified:

1. For NR AAS base stations co-located with other NR AAS base stations operating on the LTE re-farming bands use NR modulated signal with minimum supported CBW for the blocking interferer.

2. Study implications and adopt co-location concept when the eAAS frequency range is extended to FR1 (e.g. for receiver blocking, yet another physical antenna may be required to cover the FR1 frequency range).
2.3 Aspects related to NR FR2

The requirement coverage with respect to co-location requirements is different for FR2 t compared to FR1.
The co-location reference antenna was introduced by having focus on frequencies where band today is defined. Meaning that a traditional base station antenna can be used as co-location reference antenna, however for FR2, there are no legacy antenna with characteristics similar to the AAS base station.
The following open issues with relation to FR2 have been identified:

1. The radiating aperture for base stations operating at FR2 bands is typically smaller than the physical size of the base station. This have implications when the co-location reference antenna is selected. For FR1, the co-location reference antenna is selected so that the antenna height is the same as the AAS base station. 

2. The concept of introducing a co-location reference antenna based on available legacy antenna needs further considerations. For RF1, a passive base station is suitable, but for FR2 there is no legacy antenna to refer to. 
3. The type of co-location reference antenna to be selected needs careful understanding. The basic principle is that the co-location reference antenna shall have similar radiating properties (e.g. polarization and coverage) as the AAS base station. 
4. For FR1, the co-location scenario was developed with focus on wide area deployments. However, for FR2 other deployment scenarios would be of interest. 

5. For co-location spurious emission, (and also TDD OFF power) the parameters used to derive the requirement limit must be adapted for FR2 range frequencies (e.g. noise figure).

6. For co-location receiver blocking determine the interfering power level.
7. Consider using modulated interfering signal for FR2 blocker. 

8. What separation to use for FR2, depends on the selected type of co-location reference antenna.

9. Define what isolation use for FR2 as base for requirement thresholds.
3. Conclusion

In this contribution we present how the co-location concept developed in eAAS WI for co-location requirements for base stations can be adopted by NR. 

For FR1, the co-location concept can be adopted right away with some minor adaptations.

For FR2, some fundamental aspects must be revisited. It’s not now clear what scenario and what type of reference antenna to use for FR2.   
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